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ABSTRACT

Improved oral hygiene plays a vital role on quality of health andvesfig of diabetic
patients. Poor oral health leads to an increased in@denaral diseases, particularly

oral candidiasis. The emergence and global spread of agsistantCandidaspecies

has necessitated the need for novel, cost effective antifungals to stop further spread of

resistantCandidainfections.

This project isthe first documented investigation 6andidaspecies prevalence in
Libyan type 2 diabetes mellitus (T2DM) patients and investigated the antifungal effect
of Salvadora persica and Euclea natalensis on-agsistanCandidaisolates. In this
study, 182Candidaisolates from the oral mucosa of T2DM patients were identified
using presumptive species identification by chromogenic media followed by
confirmation using API ID 32 C, YST Vitek 2 and phenotype microarrays. Their drug
susceptibility profiles werdested using the disc diffusion and the AST Vitek 2

compact system.

High-pressure liquid chromatography and nuclear magnetic resonance were employed
to separate, isolate and purify the bioactive compounds and fractions of the plant
extracts which were timetested for their antifungal activitfhe results showed that
both Salvadora persicaand Euclea natalensispromise to provide beneficial

alternatives to conventional drugs in treating oral candidiasis in diabetic patients.
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Research Outpus

Emanating from thistudy, theollowing peerreviewed conference proceedirtgsre

beenpublished inaccreditedscientific journals:

1. Mustafa Esmaio, Pedro MDS Abrantes, Ahmed Hussein, Charlene WJ Africa.
ARare Fungal Species I solated &roent &e
Antimicrobial Resistance & Infection Control 6 (Suppl 1): 7-8
DOI10.1186/s1375®16:01530: presented at6™ Infection Control Africa
Network Congress 2016 Indaba Hotel & Conference Centre, Fourways,

Johannesburg, South Africa 228 September 2@

Background and objectives The emerging resistance @fandida species to
antifungals routinely used to treat candidiasis in HIV patients and in patients with
diabetes mellitus (DM) has resulted in the frequent isolation ofaftnans
Candidaspecies.This study aimed to establish the prevalence and fluconazole
resistance profiles of yeasts other than commonly identified Candida species which

may be found colonizing the oral mucosa of Libyan patients with DM.

Methods: Fungal species were isolated frdme bral cavity of DMpositive patients
attending a diabetes clinic in Misrata Diabetes Centre in Libya. This study included
patients aged between 35 and 95 years and excluded subjects who had been on
antifungal therapy within two weeks prior to sample exibn. The identification

of the isolated species was done by growing the isolates on selective and
chromogenic media and by APl ID 32C biochemical testing. Antimicrobial
susceptibility testing of the isolates to the antifungal fluconazole was performed

using disk diffusion. The study complied with the Declaration of Helsinki (2013).
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Results Forty-four rare fungal isolates representing ten fungal species were
identified from the oral mucosa of 194 patients, with 28.6% ofCarelidaspecies
demonstratingesistance to fluconazol&aprochaete capitatand Cryptococcus
humicolaisolates demonstrated high levels of resistance to fluconazole, with other

yeast species showing lower resistance levels.

Conclusion The methodologies used in this study allowed tloe accurate
identification of rare fungal species. The API 32 ID system was found to be a better
identification method when compared to chromogenic media, as some species could
not be identified with the latter. This study emphasizes the importancewbte
species identification and antifungal surveillance in patients with underlying
chronic diseases such as DM who have higher morbidity and mortality rates due to

less known and resistant fungal infections.




2. Mustafa HM Esmaioa, Charlene WJ Africadnned A Husseinb. AThe
Effect of ZMethyljuglone agains€andidaSpecies Isolated from Oral Mucosa of
Li byan Patients wiSbuth Albicam boarmabaf Bokdeyl | i t us
Volume 109, March 2017Pages 332333
https://doi.org/10.1016/j.sajb.2017.01.0B%esented a3 Annual Conference of
the South African Association of Botanists (SAAB), Lagoon Beach Hotel, Cape

Town (811 January 2017).

Background: The emerging antifungal resistanof Candidaspecies along with

the toxicity contained within some of these drugs has necessitated the discovery and
application of new treatment modalities and thevaluation of ag®ld traditional
remedies. The objective of this study was to testah@fungal activity of 7

Methyljuglone agains€andidaspecies showing resistance to fluconazole.

Methods: Candidaspecies were collected from patients attending a diabetes clinic
in Misrata Diabetes Centre in Liby@andidaspecies were identified by ¢ute on

selective and chromogenic media and by API ID 32C biochemical testing.
Antimicrobial susceptibility testing of the isolates to the antifungal fluconazole was
performed using disk diffusion. The assay was performed using broth microdilution

method vith a 25ug/ml fluconazole as a positive control.

Results Of the 194Candidaisolates, 41 (21.13%) isolates were fluconazole
resistant, seventy species were identifie@ aabicans 5 of them are resistance to
fluconazole (2.57%). All 5 isolates @f. kruseiare resistance to fluconazole, and
19 of 21C. glabrata are resistance (9.79%). In total, 41 species are resistance to

fluconazole, and 32 species are intermediasistance (16.49%)I'he results



https://doi.org/10.1016/j.sajb.2017.01.049

showed high activity o7-methyljuglolnew i t h  MigiG@gdbstweera2fg/ml i

0.390ug/ml.

Conclusion These findings emphasize the crucial need for accurate screening,
identification and susceptibility testing to prevent further spread of nosocomial and
community acquired resistance. The antifungal efféc?-Methyljuglone from
Euclea natalensiwas evaluated as an alternative bioactive agent for-agsigtant

oral Candidaspecies in DM patients.
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3. Mustafa H M H Esmai o, Pedr o M D S Abr a

characterisation of type 2 diabet&ssociatedCandida species.Presergd at
Conference: 11th International Symposium on Antimicrobial Agents and
Resistance (ISAAR) /"8 International Interscience Conference on Infection and
Chemotherapy (ICIC)Combating and Emerging Infectious Diseasssptember
14-16, 2017At Busan, South Korea, Volumét J Antimicrob Agents 201750

(Suppl 1), 118

Background: Type 2 diabetes mellitus (T2DM) predisposes patients to
opportunistic infections, such as invasive candidiasis. Treatment of candidiasis is
chdlenged by the emerging resistanceCaindidaspecies. In this study, the
antifungal drug resistance patterngCaindidaspecies present in the oral mucosa

of T2DM Libyan patients was investigated.

Methods: Seventyfour (74) oral Candida isolates collectedm T2DM patients in

Misrata, Libya were characterised using theek'2 Compact system.

Results Prevalent species includ&l albicans, C. glabrata, C. dubliniensis, C.
krusei, C. tropicalis, C. sake, C. kefyr, C. guilliermondii, C. parapsilopsis, C.
membranifaciens and C. magnolia®rug susceptibility showed an emerging
resistance across representatives of all species for which breakpoints were available,
with the exception ofC. parapsilopsis Although there are no established
interpretative breakpnts for these species, thréz sakeisolates and theC.
membranifaciengsolate also had high MIC values for fluconazole. The tested
isolates were found to be largely susceptible to caspofungin and micafungin. All C.

albicans isolates were susceptibletihe echinocandins, amphotericin B and 5
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flucytosine. Resistance to more than one drug class was s€edubliniensis, C.

glabrataandC. kruseiisolates.

Conclusion  Although the susceptibility results for the echinocandins were
encouraging, resistanegainst the azoles was apparent and should not be ignored.
This was especially so in the case of fluconazole, which is often the only locally

available antifungal drug for the treatment of disseminated candidiasis.
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4. Mustafa HM H Esmaio, Pedro M D S Abtae s, Char | e@aaedidav]d Af r i
species carriage in diabetic patients in Misratiaya Southern African Journal
of Infectious Diseases$93 2017 Volume 32 Supplemen®30 . Predtant ed a
FIDSSA Congress 2017, 091 November, Century City ConferenCentre, Cape

Town

Introduction: There is a paucity of studies describing the prevalence and
antimicrobial profiles ofCandidain Libya. Limited treatment choices in the
antifungal armamentarium in public healthcare settings in the rest of Africa require
a study of the prevalence and susceptibilityGzEndidaspecies in Libya, where

antifungals are not regularly distributed in public health care settings.

Methods: In this study, 170 diabetic mellitus type 2 (T2DM) patients were
examined forCandidacarriagein the oral mucosa, using differential Fluka and
Oxoid chromogenic media and APl 32 ID C biochemical testing. Fluconazole
susceptibility was investigated by disc diffusion on YNBG agar. Isolates were
graded as susceptible, intermediate or resistant aogotditheir inhibition zone

measurements and miecolony scores.

Results Thirteen species were identified from 182 isolates with a frequency of 69
C. albicans 42 C. dubliniensis26 C. humicola 20 C. glabrata, 5 isolatesof each

C. krusej C. tropicalis and C. kefyr4 C. sake 2 C. parapsilopsis2 C. magnoliae

and 1 isolate each df. guilliermondii, C. globosaand C.membranifaciens
Although largely susceptible to fluconazol€, albicans, C. dubliniensis, C.
humicolaand C. sakedemonstrated an emggng resistance with intermediate to
total resistance observed in all the other species excefd. foragnoliaand C.

globosawhich were both susceptible to fluconazole.
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Conclusion Early recognition and treatment of rare or resistant species which may

be contributing to patient morbidity and mortality in Libya is imperative

This study was funded by the Libyan government.

Manuscripts in preparation

1. Esmaio MHMH, Abrantes PMDS, Africa CWJ
Application of Vitek 2 technology in epidemiological studie€ahddain
type 2 dibetes mellitus patients in Libya
To be submitted to:] Epidemiology and Infection

XV



AST
ATCC
AMB
BMI
BITC
BSA
CAS
CLSI
CSH
CDR
DCM
DIW
DS
DMSO
EtOAcC
EtOH
E. natalensis
FBS
FLU
FCT
HPLC
HRMS
HDL
ICs0
INT
IDDM
MCF
MeOH

MIC

LIST OF ABBREVIATIONS

Antifungal susceptibility testing
American Ty Culture Collection
Amphotericin B

Body Mass Index

benzyl isotibcyanate

Bovine serum albumin

Caspofungin

Clinical laboratory standards institute
Cell surface hydrophobicity
Candidadrug resistance
Dicholoromethane

Deionized water

Denture Stomatitis

Dimethylsulfoxide

Ethyl acetate

Ethanol

Euclea natalensis

Foetal Bovine Serum

Fluconazole

Flucytosine

High Pressure Liquid Chromatography
High Resolution Mass Spectroscopy
High Density Lipoprotein

Half Maximal Inkibitory Concentration
P-lodonitrotetrazolium
Insulindependent diabetes mellitus
Micafungin

Methanol

Minimum Inhibitory Concentration

XVi



min

MMC

MS

mL

mm
NIDDM
NCPF
NMR

NPV

PPV

P. fruticans
PBS

SDA

S. Persica
SPSS

Type 2 Diabetes
Millitus

TLC
viv
YNBG
YO7
WHO
uwcC
VRC
€g
el

°C

7-MJ

Minute(s)

Minimum Microbicidal Concentration
MassSpectroscopy

Milliliter

Millimeter

Norrinsulin-dependent diabetes mellitus
National collection of pathogenic fungi
Nuclear Magnetic Resonance

Negative predictive value

Positive predictive value

Psoralea fruticans

Phosphat8uffered Saline

Sabouraud dextrose agar

Salvadora percica

Statistical product and service solutions

T2DM

Thin Layer Chromatography
Volume to volume

Yeast nitrogen base agar
YeastOner

World Health Orgrgation
University of Western Cape
Voriconazole

Microgram

Microliter

Degrees centigrade

7-methyljuglone

XVii



CCONTENTS

DECLARATION ..ttt ettt ettt et e ettt e bttt bt b b meee e e e ettt et ettt e e ee e e e e st s fmeneeeeeeeeaaeeeeeneneeeeeeeenaaeaaaaaaeaaaaaaans iL
DEDICATION ittt e oo oo eee e oo h bbb ettt e e e e o4 e s b e e e e s bbbt s e et e e e e e e aanssbbbeeeastnenneeeeaeeaennd iii
ACKNOWLEDGEMENTS ...ttt ettt ettt e et ettt e e e e e e s bt e ea e bbb b e et e e e e e e e anbnnneeeeeanns iv
LIST OF ABBREVIATIONS ...ttt ettt e et e et e e e e e e b eaessb b b e et e e e e e e e nnnnnnnes XVi
CONTENTS et e e sttt st e et e kst et s kst bk bk mmmt e £ et et e e et e e e s e st ss e s bbb bmmneeeeeeaeeeeeeeeeeed XVili
LIST OF FIGURES ... e eeet bbb e e nnnenes XXii
LIST OF TABLES ...ttt ettt ettt ettt mmmt ettt ettt ettt e ee e e e e st e bk e meeeeeeeeeeeeeeeeeneeeeeeeetnaneaaaaaeess XXili
(O 1 e I =1 ot TP PPPPPPPPPPPPPPPPPPIRS 24
REVIEW OF THELITERATURE .....uttiiiiiieiis ittt et e e e s st e s s sea s e e s e s s s s s s b e s e e e e s s smms e e s e e e s e sab b e s e e e e e e e smmne s 24
I [ oo [Tt i o] o T O TP O T TP PR UPPTOPPRPPPPPPPR 24
1.1.  CandidaBiofilm fOrMALION..........coiitiiiiiieiie ettt eme e ser e 25
1.2, Oral CanIdI@SIS. ... .veeiureeiiiiitit e iteeite ettt eb et e ettt b et et et bt s bt e bt enbn e na e ennen e

1.2.1. Predisposing factors for oral candidiasis

1.2.1.1. XerosStomia (Dry MOULNY........ccoiiiiiiiiiiit ettt et smmes e e e b e e 29
1.2.1.2. Administration of therapeutiC AQEINLS...........ccoiiiiii i 30
1.2.1.3. DENEUIE WEBAIBIS .....cei ittt ece et e e e e e e e s emmee e e e et e e e e e e s s e e ee s st e e e e e e e e e e s aenneenenas 30
1.2.1.4. Diabetes MEIlItUS TYPE LL ... .ueieiiiiiiie ettt ermee et e e st e e e et e e e smmes s naeeeeesneneeeeans 31
1.3. Treatment of2andidainfECIONS. ..........iiiiiiiii et e e 33
1.4. The emergence of antifungal drug reSISTANCE ..........ceiiiiiiii et 35
1.5. Challenges of antifungal reSISTANCE. ...........uuiiiiiiiiiiie e e e e e e e 36
1.6. Medicinal Plants and Oral INfECHONS ..........uiiiiiiiiie e ree et see s 37
1.6.1. EUCIEA NALAIENSIS ... .eeiiiiiiiii ettt et e et esme ekt e e et e e e e et 38
1.6.1.1. Taxonomy, Morphology, and Distribution of Euclea natalensis.............cccuvivvieeeiiiere e, 38
1.6.2. Salvadora persiCEMISWEK) .........ccoiiiiiiiiiiie et 43
1.6.2.1. Taxonomy, Morphology, and Distribution 8Blvadora Persica.............ceeeieeeiiiiiccce i 43
1.7. SumMmMary and ODJECHVES ........cuiiiiiiiiiiiiieee e eeeetie e e e e e e st re e e e seeneeeae e e e s nnnnnnneeeeees . 2D
CH AP T ER 2 e ettt st e s e st s et b e h e mmne et et e e et et neennrnnn e 48
ISOLATIONAND CHARACTERISATIORF CANDIDASPECIES........uttiiiiiiiiiii i eene e 48
P2 0 [ o1 1o o [F Tt i o] o FO TP PSPPSR PP PPPPROPN 48
Material AN MENOUS. ..ot e e e ar e e s et e e s s e e e e et eeer e e e s nn e 49
2.1.1.5amPIle COIBCLION. ....cciiiiiie ittt e s sreesrne e e ssnnne e nnneeessnnneeneneee s 4O
2.1.2.1501ation OfCANAIAASPECIES. ... ..iieiieeiieiiiiee ettt ettt e st e e e et e e s antne e e e nnneee 50
2.1.3.CharacteriSation Of ISOIALES..........uiii it eeee e e e e e anebeeeea 50
2.1.3.1 Candidaspecies identification using chromogenic Media.............ccooouiiiieriiiiiiiiiiee e 50
p S B Y L Tod (o F=Tolo o)V PUTT R SPPPR 51
2.1.3.3. GIMTUDETEST. ...ttt e e s et e e e erme e e et et e s e nne e e e s n e e ennrenae 51
2.1.3.1.CandidaSpecieddentification usingChromogenidViedia..............ccooeiiiiiiiieriiiiiieee e ee e 51

XVviii



2.1.34. Vitek 2 Compact 1dentification SYSEM..........ccuiiiiiiiiiireeiee et 54
2.1.35. PRENOLYPE MICTOGITAYS ... veeeiiutreeeeeiteeessmmesi e e ettt e e st e e s rme et e e s e et e e snn et e e s sneesn e e e s ennneeesnenreeens 54
Ly S U I S SO TSRO PPPPRSPPPPP 56
2.1. Descrptive analysis of patients SampPled............ooviiiiii i 56
Nt N I o = S 56
2.1.2.Weight and h@IgNL.........uueiiiiii e e e e e e e e e st eeea e e e e e e e e e s easatbeaeeeaneranees 57
2.1.3.Body MaSS INAEX (BMI).......ureieiiiiiiieiiee ettt s e e e smme et e e s e e e nnnneee s 57
2.1.4. DENEUIE WEBIEIS. ... ..uiieeiieeeee e ee et e e e e e e e st e e e ea st e e e e e e e e e sne s e e e eess s e et e e e e e e e essnnneeeeeeemmneeeeeens 57
2.2.1solation and identificatin of Candidafrom clinical SAmpPIes............cccoiiiiiiiierne e 57
2.2.1.Frequency oandidaCarmiage. .......cccouriiiiieee e ieeeri it e s e e e 58
2.2.2.Species differentiation using chromogenic Media..............oovviiiiicccei e 58
2.2.3.BiochemicalCandidaspecies identification by ARD 32 C........ccvveviiiieiiiiieeeriiieee e ee e 63
2.2.4.Comparison of chromogenic media With APIID 32.C......oooiiiiiiiiiiiee e reees e 65
2.2.5.Application of Vitek compact system for Species GUMALION. ............coivueieeiriiiieeee e 66
2.2.6.MicroscopiC Cell MOIPROIOGY........eeeiiiiiieiiiit ettt e et et e s rme e e e e e sebne e e e 67
2.2.7.Species identification using Phenotype MIiCrOartayS..........cceeivvveieeecesinieeesniiieessineeeseessineeesnnene e L0
2.3.Candidacarriage compared with patient demography............cccoovvviieeeceiinieeeiniiie e A L
P T B €T o o [ TP TP PP PP PR P PP TPPPPPUPPRP 71
P B Vo 1= PSPPSR 72
23.3.DENTUINE WBAIEIS. ...ttt iiieiie ittt ettt et rer e st e e e st e e s e et s e s et et e e s sann e e e s ssnresene e e s nn s 72
B2 RS 1 10 (1T SRR 73
2.3.5.Body Mass INAEX (BMI).......uuuiieiiiiiieeiiiiieeeeeeiiie e e eieee et e eeeme e s entee e e s snneeaessnteeseemnessnnneeeesneneeesnnneeess DD
DICUSSION ...ttt ettt ettt ettt eete ettt et bbb e eee e et e ettt ettt et e et e e es e b e benaeeeaeeeeeaaeeeteaeeteeeeeananssaaaeaaaaaaeaaaaaaaes 75
(O 1 e I =l o e PP PPPPPPPOPPPPPPPPRt 85
ANTIFUNGALSUSCEPTIBILITY TESTHE ..tttrteeteeessauunrneeeeneessesereeesesaasnsnseeeessmmnseeeesesessassnsnaneeeesssmmmeeeeesssansnnnnnnes 85
I [ (oo [0 ox o] AT P PRSP PPPPTRPPRPR 85
Material aNd MENOUS. .......cuviiiiiii e e s e s eeer e 87
I |V T=To [ F= W o] (=T o T L= (o o D TP PO PPUPUURPTN 87
3.2.1.1 Yeast Nitrogen Base agar With GIUCQSE.........ccooiiiiiuiiiieeiiiiie it ee st e e e e e e eeeeeee e 87
3.2.1.2 Preparation of Nutrient BIood MediUm @Qar...........ccuouiiiiieeriaiiiiiiee e se e e e e e e e saeees 87
3.3. Antifungal SUSCEPLIDIItYTESTING. . ..c.vviieiiiiiie it ree e s sme e e s 87
3.3.1. DiskDiffusion SUSCEPLDIlILY TESTING........ueteiiiiiie it reee e see e 87
3.3.2. The ek 2 Antimicrobial SUSCEPLIDIITY TESIS.......uviiiiiiiieeiiie e e 89
L ST U | I PSSO PPPPPPPPPPPTRPPPPRt 92
3.1. Fluconazol®isc Diffusion SUSCeptibility TESHING.........ovviiiiiieiiiieee e 92
3.2 SusceptibilityTesting using Vitek ZompPactSySIEM............eiiiiiiiiiiiieeeiee e e e 98
(5] S 10 ST ] [ ] TP TSP TP T TR PPPPPPPPPPPPPPPIN 101
3.1. Antifungal SUSCEPLIDIlItY tESTING. ... ..eeiiieee ittt ieee et e e e e e e e e eeereee e e e e e e e annens 101
(O VY e =1 o TP PPPPPPPRPPPPPPPPPPR 108
THEANTIFUNGALACTIVITYOF INDIGENOUSPLANTSEUCLEANATALENSIRAND SALVADORAERSICA
............................................................................................................................................................... 108
I g (oo [F X o WO TP U PP PT S PPPPP PP 108

XiX



4.2. Methodology for the use of plant materials for antimicrobial assays.............ccccoeeeeiiieiiiniiiiiee. 110

4.2.1. Collection oOf plant MALEIIALS. ..........c.veiiiiiii i rme e e e s e 110
EUCIEA NALAIENSIS. ...ttt et et e e e st eenr et e e st e e e b et e e e st nenn e e e e nnnn e e 110
Salvadora PErSICAMISWAK)...........uuiiiieeiiiiiiieeei et e e e e e s e e e e eestb e e e e e e e et satbebreeeeaeanseeeaeeesaasntbraeeaeeeeann 111
4.2.2.Extraction of plant material and identification of active compounds.............ccccvvvieeeiieeeeeeeeeciiineee, 111
B NMALAIENSIS ...ttt bR et e e bt eme et 111
SF- Y= Lo (o] = W 0 1= ) (0% W PSP P PPN SPPRRPOS 111
4.2.3.Purification anddentification 0f COMPOUNGS...........occeiiiiiiiiii e 112
4.2.3.1.7-methyljuglonefrom E. NALAIENSIS. .......cccviiiiiiieie et e s 112
4.2.3.1.1. High performance liquid chromatography (HPLC) offsattion 11-3...........cccooiiiiiniiiiicene e 114
4.2.3.1.2.1Nuclear Magnetic Resonance (NMR) SPECIIOSCOPY......uueeeirrrreerriemrirreeessrreresarneeesseesneeess 114
4.2.3.2 Prepaation of Total Glucosinolaterraction fromS. PersiCa............ccoveviiiiiiiiiceciiiieee e 114
4.2.4.Screening of Plant Extracts for Antifungal ACHVILY............coociiiiiiiieeeiis e 115
4.2.4.1 Kirby- Bauer DiskDiffusion method for screening tlaatifungalactivities ofEuclea natalensisxtracts

............................................................................................................................................................... 115
4.2.4.2. Kirby Bauer Disk diffusion for screening the antifungal activitysalvadorapersicaextracts........... 115
4.2.5. Antifungal susceptibility using brothicrodilution Tetrazoluim Microplate ASSays..........cccoecvvvrernnnen 116
4.2.5.1. Roswell Park Memorial Institute media (RP¥B40) Medium preparatian............ccccccvvverreenneen. 116

4.2.5.2. BrottMicrodilution Assay using otal Extract of Euclea natalensissompounds “nethyljuglone, and
Juglone (BHydroxy-1, 4-naphthOQUINONE).........ccciiiiiiiiiiii ettt s e e e e et eeeme e nees 116

4.2.5.3. Determination of MIC using total extractiorSaflvadorapersicaand total extraction dblucosinolates

4.3. Statistical analysis
L IS 1 U | I S ST U O PO PUPPPPPPPPPPP

4.4.Biological Antimicrobial Activity ofEuCIEa NAtAIENSIS..........ccoiiiiiiiiiiieeee e 119
4.4.1. Purification and identification of-TnethylJugloNe.............cooiiiiiiiiiiiee e 119
4.4.2. The glucosinolate fraction Galvadora PEISICA..........ccuviiiiuiiieiiieeiiiie e e 123
4.4.3. Screening of otal Extracts using KirbyBauer Di€-DiffuSion ASSAY.........couvruviriieiiiiiieanee e 123
4.4.3. 1. EUCIEA NALAIENSIS. .....ciiiiieiiiiiiiie ettt e e e s e e nenee 123
e I Y- 11V To (o] £ W o 1= £ [oF= PSSO PTPT R TOPPPN 125
4.4.4. Antimicrobial susceptibility results using Vitek 2 compact SYSLeML........cccoeeiiiiiiemriiiiiiiiieeee e 125
4.4.5. Broth microdilution assay using total extractioolea natalensis;ompounds #nethyljuglone, and

Juglone (BHydroxy-1, 4-naphthOQUINONE)..........ccoiiiiiiiiii ettt eeme e 125
4.4.6. Minimum Inhibitory (MIC) of using purified compound and fraction.............cccccoevvieenieniineee e 128

4.47. BrothMicrodilution Assays foiS. persica.
[0 1Y 01185351 [ ]\

4.1.Phytochemicahctivity of Euclea natalensiextracts anduglone..............oocuuiiiiiiiiicenieeiiiiieeeee e 133

4.2.The biological activities of MiswakSalvadora persicpagainsiCandidaisolates resistant to fluconazolé35

(O 0 VY e =1 o T TP PPPPPPRPPPPPPPPPPR 139
SUMMARY ANDCONCLUSION ... .cttttieeieee e e st e e e st ee e e e e e e s s e sse e e e aes st b ee e e e e e e e s s snsse e e s senn s e e e s e e e e e s ssnnnneneeeeennnes 139
REFERENCES........coiiiiiiiiiittttt ettt et et e e e e e e e eaa e s s e e e e e e e e e e e e e e e e e e e e eeensbba s 143
APPENTIX LA ..ttt ettt et E e h e e e e ea b et e e e R b et e e R b et e e e s e et e e e e bne e e nnees 172
PN o] 01T a0 [ 1 T PRSP PP PP PPPPPP 173
INFORMATION SHEET ...oiiiiiiitiitiiiiiiiuiiiimme et eeeeeeeeeesebebebebsbsnsee e s e e e e teteteeeeeeetsesebtnaaeeeeaeaaaaeeaeeneeeeeereeennes 173

XX



F Y o] 0 1=T 0T 13 ST UPRRPRS 174

Y o] 01T a0 [ G P PP PPPRP PP 176
Y o] 0 1= Lo 13 PO UPRRPRS 182
F Y o] 0 1=T L0 13 TSP OPPUPRPPRNS 197
F Y o] 0 1=T Lo [ T OSSP PPUPPRNS 202
F Y o] 0 1=T Lo [ A OSSP PPUPPRS 204
F Y o] 0 1=T Lo [ R T OSSP PPRPPRNS 207

XXi



LIST OF FIGURES

Figure 1.2: Chemical structure of the isolat&methyljuglone (7MJ) and Juglone ¢slydroxy-1, 4

naphthoquinone), USING (NIMR).......uuiiiiiiiii et et e e een e e e e e e e anneeenaaes 42
Figure 2.1 Flow diagram demonstrating AP| B2 C processing to identifgandidaspp...........ccccvevvvverernnnn. 53
Figure 2.2 Growth ofCandidaspecies on Sabouraud dextroSE agar.............ceeurrrieeeeeerirreeeeiirereesireeeenees 58
Figure 2.3 Growth of clinicalCandidaspecies on Flukéolumn A) and Oxoid(column B) chromogenic medig
................................................................................................................................................................. 5
Figure.2.4: Growth ofCandidatype strains on Flukgcolumn A) and Oxoid(column B) chromogenic media61
Figure 2.5 Distribution ofCandidaspecies using Fluka chromogenic agar............ccccceeoviiccee il 62
Figure 2.6 Distribution ofCandidaspecies using Oxoid chromogenic agar..........ccccceeeiiiiccee i 63
Figure 2.7. API 32 IDC and YST cards using Vitek 2 compact system aided in the accurate differentiaion of
albicansandC. dubliniesisas well as others such @s kefyr/krusie/parapsilopsis/glabrata........................... 64
Figure 2.8 Distribution ofCandidaspecies as identified by APIID 32.C.....ccvvviiiiiiiieiiiieeecee e 65
Figure 2.9 Colonial morphology on blood agar also differed for SPeCies..........ccocvviiiieeeiie i 67
Figure 2.10: Candidatype strain cell morphologies (1000X) using an Optikam B3 camera attached to an optical
g TTo3 01T o] o 1= RSP 68
Figure 2.11: Candidaclinical strain cell morphologies (1000X)-........cuuuiturteeiirirereeearieeeesneeeeeseveeeereeeeans 69

Figure 3.1 Sequence of sample isolation, identification and drug susceptibility techniques used in this.8&idy

Figure.3.2 Inhibition of Candidagrowth in YNBG media in the presence of a fluconazole disc. Intermediate
resistance indicated by the arrow showing presence of microcolonies within the zone of inhihition. (b)....93

Figure 3.3 Fluconazole susceptibility of clinical isolates using disc diffusian.............c.ccceeiecrniieeenieen. 94
Figure 4.1 plant collection and identifiCation..............occuuiiiiieeniie e 110
Figure 4.2: Column chromatography setup (7 X 30 cm, 500g silicafgelcollecting fractions which were
screened using HPLC. Each colour in the column represented different fraction..............ccceeeeevinneennn. 120
Figure 4.4 HPLC chromatogram of swiibaction II-3, it shows a major peak at 15.15 minutes................... 121
Figure 4.5:H NMR of 7-methyljuglone in CDG.........ccviiiieieeieeieee et emere e 121
Figure 4.8 Disk diffusion screening pridés of total extracts active agairSt albicansn YNBG media in the
presence of a fluconazole disk as a poSitive CONLLAL...........cooviiiiiicemriiee e 124
Figure 4.9Microdilution screening colorimetric profiles of total extracf€uclea natalensis (B-3), 7-
methyljuglone compoun(B 5-7), andJuglone(B 10-12) againstC. glabrata...........ccccoeveeeeeeiiicce e, 127
Figure 4.1Q Screening of total extraction Of MISWaK............coiiiiiiiiemmiiee e 132

XXIi


file:///C:/Users/User/Desktop/Mustafa%20Hasan%20Mustafa%20Esmaio%20PhD%20Thesis%202018%20for%20uploading%20to%20the%20library.docx%23_Toc508199002

LIST OF TABLES

Table 1.1: Taxonomy OfEUCIEA NALAIENSIS...........uviiiiiiie e e e e e e e e e e e aaee s 40
Table 1.2: Taxonomy OfSaIVAAOra PEISICA. ........uuiiiiriie et ieeere et e e e enme e 46
Table 2.1:Descriptive StatiStiCs Of PAti@NIS..........uieiiiii e e e e e e e e e e enneeeeees 56
Table 2.2 Sensitivity, specificity, PPV, and NPV for Oxoid and Fluka chromogenic media.................... 66
Table 2.3:PatientS DeMOGIAPNY ... .. i it ettt eeeee et e e e e e e e e s bt e e e e e e e e eaamteaeeeeeannnereeaaaans 71
Table 3.1 Susceptibility rest$ of Candidaspp. grown on YNBG agar..........ccccvveveeeieeiicceee et 95
Table 3.2:Summary of species susceptibility of Fluconazale...............cccoooiveeeii i 96
Table 3.3 Simultaneous species combinations observed in 12 Libyan patients.............cccceeeviivvveeeeeenn. 97
Table 3.4:Vitek compact 2 system susceptibility resultsCaindidaspecies obtained from the Libyan T2DM
ST LT €T PO UURPRR 100
Table 4.1:Solvent system of chromatography column for purifying treethyjuglone..............cccoovveeienn. 113
Table 4.2 MIC rangesand theirAverageof Candidaspecies resistant to fluconazole..............ccccccovveee... 128
Table 4.3:Minimum Inhibitory Concentration (MIC) total extracts 8f persicaand its total extracts of

(0| [OToT o1 g To] = L= 1o 1 o PR 130
Table 4.4:MIC rangesof total extracts tested against fluconazole resi€tandidaspecies...............cccc...... 131

XXiil



CHAPTER 1] 1. Introduction

CHAPTER 1

REVIEW OF THE LITERATURE

1. Introduction

The genu<Candidais within the class Deuteromycetes and has been described as a
"taxonomic pit" into which yeasts without a known sexual stage or other remarkable
phenotypic character have been thraiRarihar, 2011, Diekemet al, 2012) There

are currently over 150 species, and about 15 are known to cause infections in humans.
These diseaseausingCandidaspecies includ€andida albicansCandica glabratg
Candida dubliniensis, Candida tropicalis, Candida parapsilosis, Candida krusei,
Candida guilliermondii, Candida lusitaniae, Candida pelliculosa, Candida kefyr,
Candida lipolytica, Candida famata, Candida inconspicua, Candida rugasd,
CandidanorvegensisHowever, the regularly isolated pathogens@realbicans, C.
glabrata, C. parapsilosis, C. tropicaliandC. kruseiwhich were reported in 95% of

patients with knowrCandidainfections(Diekemaet al, 2012)

Candidaspecies produce hydrolytic enzymes that harnhtst tissues and play a role

in disease causation. Cases of these enzymes comprise phospholipases, proteases, and
haemolysin. The ability oCandidaspecies to cause invasive infections is due to
specific virulence factors which include evading the hashune system and ability

to form biofilms on medical devices and on tissue surf@aklerone and Fonzi, 2001,

Silvaet al, 2012)

The three most investigated factors are those which relate to the cell wall, adhesion,
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CHAPTER 1| Candida Biofilmiformation

and extracellular proteolytic enzyme production. The cell wall of the organism is
essential for its suess as a pathogen, since it is required for growth and protection
against osmotidnsult andis the site of contact between the organism and its
environment. Celburface ligands and receptors promote colonization of host cells and
tissues, whereas protgtt enzymes are involved in tissue penetrafidaglik et al,

2003, Nagliket al, 2004, Karkowska&uletaet al, 2009)

Colonization of the oral surface 6y albicanscan cause damage to the oral tissues
because foits ability to express several virulence factors including adherence to host
cells or denture surfaces such as oral prosthesis, secretion of hydrolytic enzymes
(Schalleret al, 2005, Mishraet al, 2007, Junqueirat al, 2011) adaptation to
different environmental conditions and biofilm formati®ilva et al, 2010) Yeast
adhesion to epithelial cell surfacegdeemed an initial and critical stage in the process

of Candidacolonization and further occurring infectiGwachtleret al, 2012)

1.1. CandidaBiofilm formation

Cardida species occur and multiply either as planktonic (fteating cells), or as
structuredsessile communitieshich could be either mono polymicrobial enclosed

in a selfcreated gelike polysaccharide matrix known as a biofil@tickler, 2008)
Fungal infections, particularly in immuoompromised persons and those on heavy
courses of antibacterial compounds that are liable to super infection are a growing
concern. This is because like bacteria, fungi sudbaaslida albican$ave also been
known to be capable of biofilm formation on nead implants(Busscheet al, 1994,

Ell, 1996, Busschest d., 1997, Silveet al, 2012, Silveet al, 2017) Candidaspecies

are often found in the normal microbiota of humans, which facilitates their encounter

with most implanted biomaterials and host surfaces. Recent work has shed some
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insight into the molecular mechanisms that control the development of fungal biofilms

(Chandreet al, 2001, Finkel and Mitchell, 2011, Mayer al, 2013)

Biofilms are defined as biological communities with a Higvel configuration, in
which microorganisms form structured coordinated and functional communities
(Donlan, 2001, Douglas, 2002)hese biological comunities are entrenched in a self
made extracellular matrix. The biofilm formation is also associated with a high level
of antimicrobial resistance in the associated organiSasdiet al, 2013) Recent
evidence suggests that the majority of infections produced by this pathogen are

associated with biofilm growt{Silvaet al, 2017)

Six different sequential stages of biofilm developtrteave been describg@osterton
et al, 1999, Ramaget al, 2001, HalStoodley and Stoodley, 2005)hese stages

comprise of:

1. Initial adherence and attachment of yeast ce2 K.
2. Germination and formation of k1o colonies (24 h).
3. Filamentation (46 h).

4. Monolayer development {8 h).

5. Proliferation (824 h) and maturation (248 h).

6. Detachment of planktonic cells and formation of a new biofilm.

The mechanisms o€andida biofilm formation seem to be intricate, cinding a
multiplicity of cell-to-protein and proteito- protein interactions supported by
components of biological fluids such as saliva or se(ilikawa et al, 1999)
Accordingly, biofiilms have a population of single or multiple species of

microorganisms embedded in sptbduced hydrated exopolysaccharides. These are
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irreversibly adhered to a surface, and exhibit a phenotype considertiblgrdi from

their planktonic counterpar{®onlan, 2002)

Cell surface hydrophobicity (CSH) and biofilm formation have been idedt#s vital
virulence factors that have important roles in the pathogeneSanalidaspp. Previous
studies(Samaranayaket al, 1995, Panagodat al, 1998) also showed a positive
correlation between CSH and adhesiorCahdidato the buccal epithelial cells and
inert polymeric surfaces such as denture prostheses. The adhe&Sandafaspp., thus

plays an initial and significant step in biofilm formation.

As mentioned above, the architecture of the biofilms forme@.labicansis like that

of bacterial biofilmsCandidaspecies growmithin a bacterialbiofilm, haveindicaied
aninteraction betweagthe prokaryotic and eukaryotic cglldouglas, 2003)Of greater
interest, however, is the question of whether these fungi develop new physiological
properties that are diffent from their planktonic counterpari.study by Douglas

have used classical assays to address this que¢bomiglas, 2003) Using their
standard assay for biofilm formation conjunction with electron microscopy, they
showed that. albicansbiofilms became resistant to five antifungal compounds that
are used routinely in clinical settinfjdawser and Douglas, 1993)his drug resistance
phenotype is often associdt@ith bacterial biofilms. Clearly, these workers have gone

a long way towards establishing that a mode of life and developmental system long
associated with bacteria may be a common strategy used by eukaryotic microorganisms

as well.

The mechanisms of fitm resistance to antimicrobial agents are not fully understood,
although possible mechanisms have been proposed including : (1) restricted penetration

of drugs through the biofilm matrix(ArredondeGarciaet al, 2009) phenotypic

27



CHAPTER 1| Oral Candidiasis

changes resulting from a decreased growth rate or nutrient limitation; and (3)
expression of resistance genes induced by comtiffcta surfacgMah and O'toole,

2001, Donlan and Costerton, 2002notherrecent suggestion is that a small number

of &6persisterodcel | s (lewisg 2001¢Mutigennsechanises f o r
appear to operate in bacteria, and these vary with the bacteria present in the biofilm and

the nature of the antimicrobial agent being administ@viah and O'toole, 2001)

1.2. Oral Candidiasis

Candidiasis is the most frequenabtungal infection. Candidiasis may manifest with a
combination of a pseudo membranous covering, erythema of the underlying tissues
along with a burning sensation of the tongue or other intraoral soft tissuabicans

is a dimorphic fungus occurring both yeast and hyphal forms; but, only the hyphal
form is associated with oral candidiadismay be a component of the normal oral
microflora in approximately 30% to 50% of the population and forms patooifp of
saprophytic fungi that causes infexts of the oral cavityMohammad and Giannini,
2005) Candida albicandgs the most commoiandidaspecies residing in the oral
cavity of humangSardiet al, 2013) and accounts for 70% to 80% of oral isolates

(Vazquez and Sobel, 2002)

C. albicansis part of the human microbiota, but when the balance between the host and
the microorganism is changegdandidabecomes a opportunistic pathogeekeli et

al., 2004)and oral candidiasis is exhibited. Individuals at risk include those infected
with the human immunodeficiency virus, those with nwnél deficiencies,
malignancies, or with metabolic disorders like diabetes mellitus (OMkeli et al,

2004) Candida glabrataandCandida tropicalisaccount for between 5 and 8%wwoal

isolates, respectiveliWazquez and Sobel, 2002)
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1.2.1. Predisposingifactorsifororal.candidiasis

Oral candidiasis has several predisposing factors, including systemic diseases that
affect the immune status of the host, the local oral mucosal environment, and the

specific strain ofC. albicansimplicated(Chi et al, 2010)

The occurrence of these yeasts in the oral cavity does not ordinarily result in disease
except if there are predisposing factors for the development of candidiasis, such as
systemic diseases affting host defences; physiologic conditions like old age,
pregnancy, dietary factors, infancy, treatment with broad spectrum antibiotics,
immunosuppressive drugs, and corticoids. Local factors such as wearing dentures are
other examples of predisposingtars( Bu d t z Rtk 2D@0npMazebal, 2002,

Ruisseret al, 2002, Torregt al, 2002)

Persistent oral candidiasis is observed in patients with poorly controlled diabetes
mellitus, human immunodeficienayrus (HIV) - positive patients, and patients with

xerostomigCassolato and Turnbull, 2003, Giannini and Shetty, 2011)

1.2.111. Xerostomia (Dry Mouth)

One of the most common causes of xerostpnmarticularly among the elderly
population, is the use of medications. Medications that are usually linked with
predisposition to xerostomia include antidepressants, diuretics, and those that possess
anticholinergic effects. Additional sources of xerosi@include radiation treatment to

t he head and neck region and Sjogrends s
leads to a decrease in the cleansing capability of the saliva, also to a decrease in
secretory immunoglobulin A levels, establishing an iemment that is more

conducive to the growth @. albicans(Almstahlet al, 2003)
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It has been demonstrated that salivary flow can be improved and boosted by exercising
the masticatory functiorfNiedermeieret al, 2000) Decreased secretion from the
salivary glandscause increased incidence in oral conditions such as periodontal
diseases andCandida infection. Partial relief may be gained by the frequent
administration of artificial salive€Chambers, 2007However, limited data is currently
available on the effectsf different treatment methods on complete denture wearers in

xerostomia patient@Aframianet al, 2001)

1.2.1.2. Administrationm of therapeutic agents

The use of broagdpectrum antibiotics that alter the normaicroflora is another
predisposing factor for oral candidiasis. Utilisation of topical corticosteroids (e.g.,
Clobetasol), steroid inhalers, and systemic steroids are regular iatrogenic causes of oral
candidiasig¢Battagliaet al,, 2014) . Physical disabilities that impair proper oral hygiene

or nutrition are other predisposing factors for oral candidi@anchiet al, 2016).

1.2.1.3. Denture Wearers

Complete denture weawg patients with dry mouth syndrome who experience
candidiasis may require lengthy antifungal therapy to eradicate the infection. Fungus
associated denture stomatitis is normally diagnosed by means of clinical findings, and
often microscopy may be used t¢onfirm the clinical diagnosis by supporting the
presence of mycelia or pseudo hyphae in a direct sifiR@mageet al, 2004,

Zomorodiaret al, 2011, losifet al, 2016, Dordeviet al, 2017)

About 60% ofCandidaassociated denture stomatitis are carriers of a prosthesiS.and
albicansis the major etiologic agerfHoshinget al, 2011, Salernceet al, 2011)
although otherCandida species frompatientswith denture stomatitis have been

reported Giannini and Shetty (2011ave identified erythematous candidiasis a&s th
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most common form of oral candidiasis and grouped it into several different forms
depending on the cause and site of involvement, for example acute atrophic, chronic

atrophic, angular cheilitis, median rhomboid glossitis, and chronic multifocal.

SurfaceCandidainfections linked with implanted devices are much sgus buare
encountered frequently and can be troublesome. The commonest is probably denture
stomatitis, which is &andidainfection of the oral mucosa that is promoted by a elose
fitting upper denture. A biofilm is formed on the surface of the acrylic denture and
contains large numbers of bacteria, particularly streptococci, in addition to yeasts
(Pawasheet al, 2017) Silicone rubber voice prostkes which are fitted in
laryngectomized patients can also become contaminated by polymicrobial biofilms
containingCandidaspp. These devices often fail within months because the biofilm
causes a malfunction of the valve mechan{8an Der Meiet al, 2000) Biofilm
formation is often linked to nosocomiifections, which complicates treatment and

contributes to unacceptably high mortality rafleerceet al, 2015).

1.2.1.4. DiabetesWellitus type!ll

Diabetes mellitus (DM) is a chronic muftystemic metabolic disorder characterized
by hyperglycaemia ensuing from defects in insulin secretionoarafttion. The
incidence of diabetes mellitus is growing increasingly, mostly in people 60 years and
olderand is fast becoming one of the most significant chronic disegaiedly with

the numberof people with diabetes estimated to rise from 171 mililoA000 to 366
million in 2030 (Wild et al, 2004, Chen and Chen, 2012his increase is due to
population growth, ageing, urbanization, and the rising incidence of obesity and

physical inactivity(Wild et al, 2004)
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Diabetic patients can be groped in two categories according to insulin need: type 1 or
insulinrdependent diabetes mellitus (IDDM) represents 5% & b0 the cases and
mostly starts during childhood or adolescence. It is characterized by total deficiency on
insulin production by the organism, caused by animune attack to pancreatic beta

cells. Type 2 diabeted2DM) or noninsulinr-dependent diabetasellitus (NIDDM)
represents 8®0% of diagnosed cases and mostly affects middédl obese people
(Bakoush and Elgzyri, 2006) his type of diabetes is nearly completely determined by
genetic factors. Pancreatic beta cells are not destroyed and, hence, insulin is present at

low levels(Adeghateet al, 2006)

T2DM is a burden on both patients and society because of the high morbidity and
mortality associated with infections and renal, retinal, and vascular complications
(Casqueircet al, 2012, Elhwueget al, 2012) Reports on the prevalence of DM in
Libyan adult patients placed it at approximately 14.1% in Benghazi, Northeast Libya
(Kadiki and Roaeid, 20019nd 7.9% in Tajura, Northwest Libyalational Board for
Scientiic Research, 2001) .

DM patients are more vulnerable to fungal infection, particul@dgpdidainfections of

the oral cavity(Belaziet al, 2005, Khosravet al, 2008) due toincreased salivary
glucose in these subjectSashikumar and Kannan, 2013nd because of the
heightened availability ad€andidareceptorgBrownleeet al, 1988) As a result, buccal
cells from DM patients have an increased adheren€e albicanscolonization being

further enhanced by the hyposalivation associated with(Kedir et al,, 2002)

It has been established that most diabetic patients show at least one lesion or
abnomality of the oral mucosa. Abnormalities include lingual varicosity, erythematous

candidiasis, angular cheilitis, traumatic ulcer, fissured tongue, gingival hyperplasia,
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mucocele, xerostomia, petechiae, hyperkeratosis and atrophy of lingual papillae, of
which, the most frequent abnormalities were lingual varicosity and erythematous

candidiasigVasconcelogt al, 2008)

1.3. Treatment of Candidainfections

Human infections caused Iandidarange from relatively trivial conditions such as
oral and genital thrush to fatal, systemic supéctions in patients who are already

seriously sick with other illnessé@slccullough and Savage, 2005)

In local systemic illnesses the antifungal itself is not effective, and the management
should be directed to both antifungal use as well as the treatinardearlying diseases
such as (1) diabetes mellitugArredondeGarciaet al) adequacy of deares,(3)
deficiency states (e.g., iron, folate or vitamin B12 deficiency) (4) drug history (e.qg.,
antimicrobials, corticosteroids); and (5) medical history (e.g., immune deficiency)

(Mccullough and Savage, 2005)

The antifungal drug, fluconazole, is broadiged in the treatment aandidiasis,
cryptococcosisand coccidioidomycosislt is a secondline antifungal agent in the
treatment of histoplasmosis, blastomycosis, and sporotric(®iseeharet al, 1999)

Its availability in both oral and intravenous formulations; significantly reduced rates of
hepatic, gastric, and endocrinological toxic reactions; and the ability to penetrate

cerebrospinal fluid are among its advanta@&smo and Dismukes, 1994)

Fluconazole is active aganmostCandidaspp., includingC. neoformanswith an
intrinsic resistance reported fo€. krusei (Dismukes, 2006) The fluconazole
sensitivities ofCandida glabratastrains, on the hand, vary widely. Even though some
C. dabrata isolates may be dos#ependently susceptible to fluconazole, as many as

15% of theC. glabratastrains may show true resistar{fdaller and Diekema, 2004)
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Resisaince to fluconazole has been reported in more than 10% of cases during the late
stages of AIDS and other immunocompromised conditions includiradbicans(Lee

et al, 2012)

Fluconazole and itraconazole have been commonly used to treat superficial fungal
infections caused by dermatophytes and, unlike the allylamines (such as terbinafine and

naftifine), have been associated with resistance developi@&annoum, 2015)

Side effets and toxic reactions due to fluconazole therapy, such as allergic reactions,
angioedemgKarkowsa-Kuleta et al, 2009) thrombocytopenigVillanueva et al,

2002) and alopecidPappaset al, 1995, Stevenst al, 1997)have been observed.
Reversible adrenal insufficiency has been reported in critically sick patients with

multiple organ failures during higthose fluconazole theragplbert et al, 2001)

Fluconazole was shown to have a good safety profile and was accepted for the treatment
of oropharyngeal, esophageal, vaginal, peritoneal, and gemiary Candida
infections dissemimated candidiasis, and cryptococcal meningiMendeset al., 2000)
Fluconazole's mode of action includes inhibition of the target enzymeoste 1 4 U
demet hyl ase, which is a cyt o-cdémetbyaton p 450
(Lamb et al, 2000). Modification in the level of this enzyme is a consequence of
enhanced transcription and amplification of the ERG11 gene which may result in
reduced sensitivity o€. albicansto fluconazole(Franzet al, 1998) Reductions in
intracdlular levels of ergosterol (main sterol in fungi) occur, which changes the sterol
composition ultimately causing growth arr@selly et al, 1997) Growth arrest in the

cel | i s associat ed methykergdsta8e24(28dem3nbu, ast U o n
diol in a yeast strain with sterol 14 demethylase disrup{ikeBy et al, 1996, Parker

et al, 2008, Martelet al, 2010, Hullet al, 2012) It can be concluded that these
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antifungals are selected as inhibitors of fungal enzyfreslustet al, 2001) .
Fluconazole resistance also include the enhanced expression of proteins which cause
multiple drug resistance. Thaso causes a significant increase of fluconazole efflux,

out of the cel(Podustet al, 2001, Basset al, 2010).

Unlike ketoconazole, fluconazols highly water soluble and can be administrated
parenterally. In comparison, itraconazole has a broader spectrum that includes activity
againstAspergillusspecies and some yeast strains that are intrinsically resistant to
fluconazole, such &S. kruseiand C. glabrata(Dismukes, 2006 )Although the finding

of fluconazole and itraconazole represented a major advancement in the management
of systemic fungal infections, these triazole antifungal agents have some vital
limitations including a narrow spectrum of activity, targeting mainly yeast
(CryptococcusieoformansC. albicang and dimorphic fungi, with no activity against

molds(Dismukes, 2006)

1.4. The emergence ofiantifungal'drug resistance

The use of broadpectrum antimicrobial drugs has lead or attributed to the growing of
fungal infections as well as the use of corticosteroids;tantoural agents, and oral
contraceptives. This is further exacerbated by the emerging resistance in wigportu
infection in the increasing number of immunocompromised pat{@n&snenkampet

al., 2011) For example, lack of regional surveillance @andda prevalence and
antifungal drug susceptibility, uncontrolled distribution and sale of medications, lack
of patient access to medical treatment and limited resources in African laboratory and
clinical settings have perhaps contributed to the emergenCarafidaresistance to

varies classes of antifungal dru@sranteset al, 2014) However, these factors need
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to be addressed as part of an effort to reduce the high morbidity and mortality rates seen

in these population@branteset al, 2014)

Despite the introduction of new antifungal atgemntifungal resistance continues to
grow and evolve and complicate patient manageifiatler, 2012) The ability of
Candidaspecies to form drug resistant biofilms is an important factor in their

contribution to human diseaé®ardiet al, 2013)

Many studies have incessantlgported the increased frequency of fabiicans
Candida(Villanuevaetal., 2002) speciegPfalleret al, 2001, Hajjelet al, 2004,Horn

et al, 2009) considered to be significant pathogens in the oral cavity, genitourinary
system, and bloodstream. The growing number of NAC species might be related to
previaus exposure to azole and polyene drugs, malignancy disease and indwelling
medical devicegKrcmery and Barnes, 2002, Pfaller and Diekema, 2010, Mateli,

2011) However, differences in age groups and geograpii@samight influence the
distribution of NAC specie@~alagast al, 2010) Fa instance, in North America, and
Central Europ€. glabratahas a high incidence raté. tropicalisis commonly isolated

in South America and Asia. Furthermo@e,glabratapredominates in the elder{Blot

et al, 2001) while C. dubliniensiss associated with oral opportunistic infections in

patients infected with human immunodeficiency vig@iunchanuet al, 2009)

1.5. Challengesofiantifungaliresistance

The emergence of antimicrobial resistance, which is one of the main reasons for
antifungal treatment failuréas been observed as a serious clinical profiMraci and
Perfect, 2008)An increase in the frequency of prophylactic treatment of-higih

individuals, coupled with extended exposure to the existing antfsngcreases the
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selection pressure and, as a result, drug resistance has become gradually common from

initially sensitive speciefKontoyiannis and Lewis, 2002, Pfaller, 2012)

The increase in antimicrobial resistance and the restricted number of antifungal drugs,
which retan several complicationiSardiet al, 2013) creates a need for alternative

methodof treating resistant oral infections.

Significant mortality is relevant with invasive candidiagicneil et al, 2001,
Gudlaugssoet al, 2003) and is consequently, a serious danger to public health around
the wald (Eggimannet al, 2003, Hobson, 2003, Pfaller and Diekema, 200he
current shifting of the paradigm @andidainfections further complicates the situation
and highlights the requirement for novel classes tfracrobial agents, particularly

those with new mechanisms of acti@auw, 2000, Butts and Krysan, 2012)

1.6. Medicinal Plants and Oral Infections

Traditional medicinal tratment of various ailments has used medicinal plants as an
important source of phytochemicgruzet al, 2007, Doss and Anand, 2012, Maobe
et al, 2013) For many years, different parts of medicinal herbs haveumsshto treat

specific ailments in Kenygiringe, 2006)

Medicinal plants comprise effective sowsad antimicrobial and antioxidant natl
products(Calixto, 2000) and might assist as a first treatment op{®corzoniet al,

2007) In addition, they characterize an economic alternative, are easily available and
are applicabléo several sicknesséRojaset al, 2006) thus constituting an excellent
alternative in the search for compounds or fractions that might be used to discover new
antimicrobial druggHoletzet al, 2002) It is necessary to find new antifungal agents,
that lead to the disruption of resistant biofilms, by using several molecular nsukan

with reduced toxicityfSardiet al,, 2011)
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Herbal medication is the study of medicines derived from botanical sources materials
that have lest or no manufacturing processif@ilburt and Kaptchuk, 2008)A
dissimilarity of antimicrobial activity is due to active compounds of pl¢Bisiiet al,

2008) Flavonoids alkaloids, tannin, and phenolic compounds, amongst others, are
supposed to be vital active substances of various pl@mtsumurugan, 2010)
Medicinal plant extracts have several traditional uses which contain lotion for wounds,
curing of venereal and skin diseases as well as for adlieflammation of the eyes

(Van Wyk et al, 2008) The Khotsan also chews on this plant to relieve toothache
(Van Wyk et al, 2008) while the antifungal potential of these flavonoids against

human pathogens should be consid€x&tieset al, 2005)

1.6.1. Euclea natalensis
1.6.1.1. Taxonomy, Morphology,:and Distribution of Euclea natalensis

The angiosperm family, Ebenaceae or ebony family, to whioblea natalensis
belongs are woody plants (trees, shrubs, or subshrubs) and mainly found in the tropical
andsubtropical regions of the world where they grow in a variety of vegetation types.
Even though Asia and the IndRacific regions have the highest concentration of
species, the African and Madagascan regions display the greatest morphological

diversity (Wallntfer, 2004)

The Ebenaceaeis divided into two subfamilies, the Lissocarpoideae and the
Ebenoideae based on differences in flonarphology, pollen morphology and wood
anatomy(Duangjaiet al, 2006) Eucleawith approximately 20 species (of which 16

occur in southern Africa) is the second largest genus in the family (Table 1.1).

Euclea natéensisis a bushy tree found in many parts of South Africa, such as

Clanwilliam in the Western Capalong the coast betwedhe Eastern Cape and
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KwaZulu-Natal and in Mpumalanga, Limpopo, Gauteng, and neighbouring countries
such as Swaziland, Mozambiqueardbia, Zimbabwe and further North, Ethiopia.
Used for many years by the locals, it goes by many names such as guarri (Khoisan)

swartbasboonfAfrikaans) in Kunzane (Zulu).
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Table 1.1: Taxonomy ofEuclea natalensis

Kingdom Plantae

Class Magnoliopside

Order Ericales

Family Ebenaceae or ebony family

Genus Euclea

Synonym(s) Eucleamultiflora Hiern, Royena macrophylla

Derivation of natalensis: of Natal, South Africa; acutifolia: with acute (pointed)
specific name: leaves.

Binomial name Euclea natalesis

Description Shrub or small tree,-2 m, or sometimes a suffrutex, less than 1m
Bark greyish, rough, and fissured, flaking in thick pieces. Leaves el
up to 12 x 4 cm, densely hairy below. Flowers in dense, branched a
heads, greenisWhite or cream, most parts covered in dense rusty we
hairs. Fruit in clusters, round c. 7 mm in diameter, sometimes rusty |

red to black.
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\ Euclea natalensis subsp. ob...

EBENACEAE

Distribution map oEuclea natalensis

along South African costal area.

Figure 1.1: Collection ofEuclea natalensis plant material by researcher and Botanist (Prof.
Christopher Cupido) along South African costadaapproximately 8 km east of Clanwilliam

area.

Euclea natalensisas many uses including the use of its twigs as toothbrubkesats

and fark are used as remedies for worms, stomach disorders, toothache, headache, chest
infections, urinary tract infections, venereal diseases, schistosomiasis, dysmenorrhoea,
and skin infections. It is also used for protective sprinkling to ward off eNs.
application to improve oral hygiene has shown that it is able to suppress the growth of

both aerobic and anaerobic oral bacté8tander and Van Wyk, 1991, Van Wyk and

Van Wyk, 1997)as well aCandida(More et al,, 2008)

In South Africa, ethnobotanicasa ofEucleais extensively popular such as hardening
the chickensd eggs heHutlea psbugdebdniset VamVigyk t h e
and Van Wyk, 1997)E. natalensigoots are used for dyes in basket weaving because
of the dark brown or black stains produced when pounded and boiled. The source of

the pigmentation can be linked to the presence of compounds séichedlyljuglone

and diospyrin as well as other quinones (iFgdL.2) (Van Wyk and Gericke, 2000)
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Traditionally, the root is chewed for cleaning teeth and the gums with a chew, in the
belief that it benefits the health of the mouth and té8tAnder and Van Wyk, 1991)

The root ofE. natalensigontains haphthoquimes which are bactericid@tander and

Van Wyk, 1991) Regular use oE. natalensisnight control the formation and activity

of dental plaque and therefore reduce the incidence of gingivitis and possibly of dental
caries due to the inhibitory effect of the ethanol extracEofatlensisagainst
Actiomyces naeslundii, Actimyces israelii, Porphyromonas gingivalis, Prevotella
intermediaand Streptococcus mutarfMore et al, 2008) Its use as an alternative to

the use of conventional antifungals has not been adequately investigated.

Among the traditional other useEucleaspecies are as a treatment for chest illness,
bronchitis, chronic asthma, pleurisy , venereal diseases, and urinary tract infections
(Pujol, 1990) Furthermore, Zulu pgxte practice it as a remedy for scrofula a form of
tuberculosis characterised by glandular swellings. Additionally, the roots are burned
and the smoke inhaled as a hypngfan Wyk and Van Wyk, 1997, Van Wyk and
Gericke, 200Q)Moreover, extraction of the roots Bf crispaare swalleved orally for

epilepsy(Van Wyk and Gericke, 2000)

OH O
OH O 2

5 7-methyljuglone

7 9 Juglone O

O

Figure 1.2: Chemical structure of the isolatesriethyljuglone (¥MJ) and Juglone ¢blydroxy-1, 4

11

naphthoquinone), using (NMR)
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1.6.2. Salvadora persicgMiswak)
1.6.211. Taxonomy, Morphology, and Distribution of Salvadora/Persica

Salvadora persica (Table 2) is a plant growing indheareas from the region of
Western India to Africa(EzoddintArdakani, 2010) Also called the Arak tree,
Salvadora persic#s an evergreen shrub or small tree that can reach a heigitt f. 6

It has an erect trunk with slightly rough bark and dengrown of profuse, crooked, and
dropping branches. Saltbush leaves are opposite, eblbptic to almost circular, 3 x

7 cm, light to dark green, rather fleshy, borne on a 1 cm long petiole. The inflorescence
is a 16cm long panicle that bears very dmgreenish to yellowish flowers. The fruit

is pink to scarlet, spherical, fleshyl® mm in diameter. It contains one seed that turns
from pink to purple to sentransparent at maturiffOrwaet al, 2009)chewing stick,
natural toothbrush and Miswak or Siwa&k,persicahas been reported to avoid dental

caries if it is used for a long periofiszoddintArdakani, 2010, Sofratet al, 2011)

Additionally, anumber of antimicrobial substances have been produced using roots of
S. persica with the benzyl isothiocyanate (BITC) being the main antimicrobial
ingredient with high killing activity against Granegative periodontal pathogens
(Sofrataet al, 2011) Antibacterial effects again& mutansndS. faecalishawe also

been reporte¢Almas, 1998)

Salvadorapersicais found in several geographical areas and was used by Arabs
thousands of years ago to whiten and polish the {eletlawany2012) Although used

in pre-lslamic times, as thellmic culture expanded to different geographical regions,
so also did the use dfiswak spreadAlmas, 2001) Despite the fact that there are more

than 182 appropriate plants species for use as tooth brushing sticks, its twigs, stems,
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and roots are still the most widely used for achieving dental health and oral hygiene

(Elvin-Lewis, 1982, EzoddirArdakani, 2010)

Al-Bayati and Sulaiman (2008ave revealed in their remeh thatMiswak consists of
natural chemical compounds or fractions which play a vital part in promoting good oral
hygiene and more studies should be investigated to evaluate its efficacy in treating oral
pathogengwWho, 2000, AlBayati and Sulaiman, 2008)he following compounds are
alkaloids (salvadorine), benzyl isothiocyané®éT), calcium, chloride, essential oils,
fluoride, resmn, silica, sulphated compounds, tannins, salicylic acid, sterol,
trimethylamine, saponinandflavonoids(Al-Bayati and Sulaiman, 2008, Poureslami

et al, 2008) It is cost effective and is easily obtainable in various regions of the world

(Poureslamet al, 2008)

The ®ur taste and chewing effectsMfswak may stimulate saliva secretion in the oral
cavity, thereby raising its buffering capacftyattab, 1997)In vitro trials, (Sofrataet

al., 2007)have demonstrated that usifjswak extractsas a mouth wash increased
parotid gland secretion, thereby raising the plaque pH; this effect can possibly protect
from dental caries by reversing the acid challenge of cariogenic bacteria. In rural areas
of Zanzibar, the caries prevalence rate was faionte lower wheréMiswak was

traditionally and regularly used than in the city arfg@etersen and Mzee, 1998)

Darmaniet al. (2006)have reported in a comparative studySofpersicaextracts and
derum (different type of chewing stick obtained from walnut tree Juglans regia) that
both were capable @fhibiting the growth of cariogenic bacte(@armaniet al, 2006)
probably, due to the fluoride contained $1 persicaextracts(EzoddintArdakani,

2010) However, because of the negligible total soluble cargkfiuoride inMiswak
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soaked in water, (0.07 | g / ml) the possible influence of fluoride was ur{elatiab,

1997)

One of the other beneficial componentsSofpersicahat might have positive effects

on oral health is the availability of sulfur in tBe persicaoots, measured to be as high
as 4.73%(Galletti et al, 1993, Halawany, 20125ulfur has a bactericidal activity
(Alsamh, 1996)while calcium in saliva as a result of the practicing of chewing sticks
promotes pamel remineralizatiofGaziet al, 1992) Resinsmay form a coating on
enamel that defends against dental caidsmbneh, 1995)Salvadorine, an alkaloid
present irS. persicamay have a bactericidal effect and improve the gingival condition
(Almas, 1993) while silica acts as an abrasion and was found to remove the
pigmentations from teeth surfac@sbabneh, 1995)The astringent effect of tannins
may help to reduce clinically noted gingivitis by inhibdi the action of glucosyl

transferaséGaziet al, 1992)

Numerous toothpastes containiSg persica extracts are in the marké&uile et al,

1996, Almas and ABagieh, 1999)and when compared with OiBltoothpaste, was
found to be moreotentin cleaning dental plaquélattab, 1997)Moreover, the mixed
impact of mechanical cleaning and enhanced saliva excretiortheittegular use of
Miswak, was found to be more functional than other toothbrushes in removing dental

plaque(Wu et al, 2001)
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Table 1.2: Taxonomy ofSalvadora persica

Kingdom Plantae Trees, shrubs or subshrubs

Division Magnoliphyta

Class Magnoliopsida

Order Brassicales

Family Salvadoraceae

Genus Salvadora Otholobium

Synonym(s) Toothbrush tree, mustard tree, arshiswak Swak, Saltbush,
Species persica oleoides

Binomial Salvadora persica (Khari Jaal) Salvadora oleoides (Meethi
name Jaal)Khatak et al., 2010)

1.7. Summary and Objectives

With Candidaspecies showing on increasing prevalence of antifungal resistarte,
diabetes being a predisposing factor@andidcarriage, primary prevention of T2DM
and treatment of diabetic complications suclCaadidaspecies, are of great practical

importance

A literature search showed that there is an absence of publisteededarding the
prevalence o€andidainfection in T2DM in the elderly Libyan populationhe Libyan
population is approximately 5.5 million, with one in five Libyans having DM lhigh
percentage of risk factors including obesity, family history abdtes, hypertension
and microvascular complications necessitates a Libyan national policy for the

surveillance, prevention and control of diabetes and its complicg&tmsuegiet al,
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2012) Misrata is a fasgrowing city in the nortlof Libya with a population of just over

550,000 in 2006 and the third largest city in Libya aftepdlriand Benghazi.

Since mtural compounds such as those containésl ppersicaandE. natalensidave
demonstrated good antibacterial activity, particularly in the oral gatigyobjectves

of thisstudywere to:

I.  InvestigateCandidaspecies prevalence in Libyan T2DM patients.
ii.  ExamineCandidaisolates for antifungal susceptibility profiles.
iii.  Investigate the antifungal activity 8f persicandE. natalensidor use

againsfluconazoleresstantCandidaspecies.
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CHAPTER 2

ISOLATION' AND CHARACTERISATIONY OF CANDIDA
SPECIES

2.1. Introduction

Accurate identification oCandidaspecies frequently associated with infections is of
paramount significance for increasitige understanding ofCandica pathogenicity
Manfredi et al. (2006) Rapid identification of Candida species carassistsuitable
treatment, to redwfungal infections often retad withpatientmortality and morbidity
(Pincuset al, 2007) Several factors such as immunosuppression, behavioural patterns,
diet and socigeconomic status andatiibution ofCandidaspecies varies according to
different geographical regions which couldvean effect on their prevalen¢®os
Santos Abrantest al, 2014)

Recently Candidaspecies arprogressivelypecomingthe predominantommensal in

the oral cavity(Sharmaet al, 2017) It could be a constituent of the normal oral
microflora in approximately 30% to 50% of the popula{i@mnnini and Shetty, 2011)
Candida albicands the most frequently isolated @fandidaspecies from the oral
cavity, although a range of nomlbicans Candidaspecies are being increasingly
observed. The basic management of ddiadis is to classify and eliminate any
underlying host predisposing faci@ewis andWilliams, 2017)

With the increasing incidence dfandida infections in African countries, the
understanding of their pathogenicity as well as the association predisposing factors to

enhanceCandidagrowthis neededThis chaptedescrbesthe prevalenceof Candida
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in T2DM patients in Libyaand the importance of speciedferentiation in treatment

modalities.

Materialland Methods

2.1.1.Sample collection

Three hundred and thirty (330) samples were collected between March 2015 and
November 2015 from Type 2 Diabetes Mellitus (T2DM) patients at Misrata Diabetes
Centre whichis in the northern central part of Libya. Samples were collected by

swabbing the patientdés oral mucosa and to

This study inclded

i. T2DM positive patients presenting widmd withoutclinical oral thrush
(white patches in the mth) were included in this study, as these patients
had a higher chance of harbouring dZahdidaspecies.
ii. 3595 yearsold
Excluded from the study were any patients who had undergone antifungal therapy two
weeks prior to sample collection.
Prior to sampleollection, the reasons for, and nature of the study were explained to
the patients who willingly consented to participate by signing appropriate consent forms
(Appendi x 1). Data from the patientsd ho
diagnosis ad they were asked to submit some personal information by completing a
guestionnaire which provided data such as gender, age, race, whether or not they wore
dentures, duration of wearing dentures, smoking, date diagnosed with T2DM,
antifungal treatment anduration of treatment prior to taking the samples (Appendix

2). Ethical clearance for this project was granted by the Ethics Committee at University
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of Western Cape. Authorisation from the Ministry of Health in Libya was obtained for

sample collection in h4rata city.

2.1.2.Isolation of Candidaspecies

Samples were cultured in the Medical Microbiology laboratories at MCH (Misrata
Central Hospital) onto Sabouraud dextrose agar (Cat. no. BO0408T, Oxoid, UK) and

i ncubated at 37eC for 24 hotdncubatedfPiaat es s
additional 24hours before being discarded as negative. All isol@addidastrains

were stored at80 '€ in PreLab Microbank microbial preservation vials (Cat. no.
PL.170/M, PreLab, Canada), and slant agar in 2.5 mL Eppendorf tubes, allowing them

to be resuscitatedls and when needed. Samples were transported from Libya in these

frozen preservation vials to UWC for characterisation.

2.1.3.Characterisation of isolates

Presumptive identification of species was achieved by inoculation onto Fluka and
Oxoid chromogenicagars (Cat. no. 94382, Sigmddrich, USA and Cat. no.
CM1002A, Oxoid, UK), Gram staining, and germ tube testing. The identification of the
isolated species was done via biochemical testing, using APl ID 32 C
(bioMérieux,Marcy I'Etoile, France). Furtheroofirmation of species resistant to
fluconazole were done by using VITEK 2 compact system YST 07 (bioMérieux, Marcy

I'Etoile, France).

2.1.311 Candidaspecies identificationiusing chromogenicimedia

Presumptive identification dfandidawas done on chromegic agar. Selective agar
and chromogeni c media included Sabouraud

Candidaidentification agar, (Cat. no. 94382, Sigkrich, USA) with respective
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selective supplement (Cat. no. 68067, Sighidrich, USA), Oxoid chromognic
Candidaagar (Cat. no. CM1002A, Oxoid, UK), with respective selective supplement
(Cat. no. SR0231E, Oxoid, UK). Type straingofalbicansATCC 90028 and NCPF
3281),C. tropicalis(ATCC 950),C. dubliniensigNCPF 3949a)C. glabrata(ATCC
26512),C. krusei(ATCC 2159),C. parapsilosifATCC 22019)C. kefyr(ATCC 4135)

and C. lusitanae(ATCC 3449) were used as positive controls for the chromogenic

species differentiation.

2.1.3.2 Microscopy

Purity of cultures was confirmed by microscopy of colomieked from agar plates.

The Gram stain was used for the stainin@ahdidaisolates prior to light microscopy
observation. A single colony of each isolate was smeared on a glass slide, heat fixed
and covered with crystal violet (primaryistaodine (which acts as a mordant), alcohol

(used for decolourization) and counterstained with dilute carbol fuchsin.

2.1.33.(GermTube Test

PresumptiveC. albicansandC. dubliniensic ul t ur es wer e i R3cubate
hours in fetal bovine serum (Cat. no. A161, PAA Laboratories, Austria), for the
stimulation of germ tube production. Germ tube formation was observed
microscopically in a wet mount preparation. Type strair@.athbicans(ATCC 90028)

andC. dubliniensigNCPF 3949a) were used as positive controls, wh&easpicalis

(ATCC 950) andC. glabrata(ATCC 26512) served as negative controls.

2.1.3.1.CandidaSpeciesl dentification using Chromogenic Media

Presumptive identification dandidawas done on chromogenic agar. Selective agar

and chromogenic media incid ed Sabouraudbés agar, modi f
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Candidaidentification agar, (Cat. no. 94382, Sigllrich, USA) with respective
selective supplement (Cat. no. 68067, Sighidrich, USA), Oxoid chromogenic
Candidaagar (Cat. no. CM1002A, Oxoid, UK), \mirespective selective supplement
(Cat. no. SR0231E, Oxoid, UK). Type straingofalbicans(ATCC 90028 and NCPF
3281),C. tropicalis(ATCC 950),C. dubliniensigNCPF 3949a)C. glabrata(ATCC
26512),C. krusei(ATCC 2159),C. parapsilosifATCC 22019)C. kefyr(ATCC 4135)

and C. lusitanae(ATCC 3449) were used as positive controls for the chromogenic

species differentiation.

2.1.32. API ID) 32 C ldentification: System

This technique consists of a disable plastic strip with 32 wells containing substrates

for 29 assimilation tests (carbohydrates, organic acids, and amino acids), one sensitivity
test (cycloheximide), one colorimetric test (esculin), and negative control. The yeast
identification procedues wer e conducted according to
A single colony of mature growth (24Bh) sub culturedspecies was transferred to
sterile distilled water 10 mL in test tubes to prepare a suspension with a final turbidity
comparable to McF&nd standard 3. A 250 pl of this suspension was then dispensed
to an ampule of C medium provided by the manufacturer and homogenized to prepare
an even dispersion of inoculum. After homogenizing, the inoculum suspension was
used to inoculate the wells the strip (135 ul x 32 wells), the lid of the strip was
replaced, and the system was incubated in a shaking incubator (LBOTEC Orbi Shake,
South Africa) in speed 75 at 2@ +2°C for 24 h for the first reading, followed by a
second reading at 48 h for confation. Turbidity indicated positive growth and the
clear wells indicated negative growffhigure 2.). The results were transformed ¢,

into the bioMérieux websites
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(https://apiweb.biomerieux.com/serviet/Authenticate?action=preparglogin

agar plate. (24h) for McFarland standards at 3

~ . 0 ~
[ Subculture Candid spp. on [ Autoclaved sterile water used [ Measuring McFarland

seENSITITRE Nephelomete,

—_— |9 =

CAL

250ul transferred from Candida
suspension to API C

i~~~ an

(bioMérieux, Marcy [ 32 x C medium }
I'Etoile.

NS | T Bt *[ Nameof identified }

00 0000000000000 |

servlet/Authenticate

[ API ID 32 C strip ready for J [ https://apiweb.biomerieux.comﬂ

Figure 2.1 Flow diagram demonstrating ARD 32 C processing to identif@andidaspp.
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2.1.34. Vitek 2 Compact ldentification System

The \itek 2 Yeast identification car(Vitek 2° CompactMarcy I'Etoile, bioMérieux,
Franc) is prgected for use with Wek 2 compact Systems for the automated
identification of most clinically significant yeasts and ydds organisms. There are

14 biochemical tests measuring carbon source utilization, nitrogen source utilization,
and enzymatic adtities. Final results are available in roughly 18 hours with ¥ST
yeasts and yeatike organisms. The Nek 2 YST identification card (bioMerieux, Inc.

Hazelwood, MO) is a singlase disposable card.

Nine knownCandidatype strainsC. albicans (ATCC 9008 and NCPF 3281)C.
tropicalis (ATCC 950),C. dubliniensi{NCPF 3949a)C. glabrata(ATCC 26512)C.
krusei (ATCC 2159),C. parapsilosifATCC 22019),C. kefyr(ATCC 4135) andC.

lusitanae(ATCC 3449) served as controls for th&ek 2 compact system.

2.1.35. Phenotype Wicroarrays

Biolog, Inc. has developed a new proprietary technology called Phenotypeilvigso
(PMs). PMs allow biologists, for the first time, to globally analyse the phenotypes of
cells. The recent PM technology is manufactured ferwigh fungi cells. PMs are sets

of 96-well microtiter plates with each well comprising a different cell culture medium

that is designed to test a unigue phenotype or cell function.

Phenotype Micrarrays (Bochner, 1989, Funchaiet al, 2000, Oresnilket al, 2000,
Bochner et al, 2001) measure the carbon (PMY), nitrogen (PM3), and
phosphorus/sulfur (PM4) metabolism of a strain. As the PMs are incubated under
appropriate conditions, color forms in the wells to refteet Phenotypes of the strain
being tested. PM2 measures carbon utilization in a fully supplemented medium and

should not require any supplements to the inoculating fluid other than menadione,
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thioglycolate or salicylate. PM& measure sulfur, phosphoyasd nitrogen utilization

in a minimal defined mediunit the cells display an expected phenotype and can grow
in a well, they respire normally to give a dark purple color. If the phenotype and growth
are weak, they respire more slowly and give a ligmpleucolor. If the phenotype and

growth are negative, the welill remain colorless.

The constituents of the culture media were dried onto the bottom of each well. After
inoculation the cells were incubated, usually for 24 to 48 hours. Suspensions were
prepared to determine the target cell density using turbidity standards available from
Biolog (e.g. 85%T or 40%T). A 1601L volume was pipetted per well, and the PM (1

2, 3, 9 incubated for 24 hours at the recommended temper&®%87 °C) in a
humidified incubator to prevent drying of the outer wells, PM3 and PM4 were
incubated for 3€18 hr. Reading and scoring the results were according to the formation

of purple color which indicates utilization of the C, N, P, or S basis in a particular well.
Any wellwi t h more <color than the reference
reactions in PM# for the species listed in are posted on Biolog's website

(www.biolog.con). Different strains will vary, but the result with nomutated strains

should be similar.
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