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OPSOM~ll~G 

D1,' doel \illl hil'nfc ,tud1e \111s 0111 d11.: 1mk1l'd ,an chc11101cr,1p1c en an11fitngalc 1crnp1e op I 'a11.l1da 

pe,1c~ 111 die mondholte \IIO 29 lcukcnuc p.1:.1cnte te ondcr,uek 

'mere l'll mond~poclc \\as gcnccm ,an die pas1cnte Camltdu isolate was op Sahouruull dekstro e 

11gar S0\1el ,b dtlleren,il'le mcd,a gd,11cek lsolatl' wn~ ge1dcn11fi,l·c1 met hel111h1 van lcnotipiesc 

eiensk,1ppe asook koolhidraat asiim1l. ,;ic :-rof.ele Gcnot1pering van C alh1C am ,tammc 11a, £t>doen 

met bchulp van die,·. alb1wm spl•sic-~pe ificke pt:ilcr. Ca3 

'n floe pc, entn ,e 172°0) ,an die pasi.:nte hct klm,c gl'manifi.•stce1 met 111ondll'tseb, met kundidosc 

(4 .. 0 ol a d,,. lctscl met che hoog IC ,oorkoms ·cs cn-tag11g < ·a11.lula isolate \Ills ge1solecr uit die 

mu1J"''•"" ,an :s 1%2°0) pas1cn1c c· a/h1mm 1'i698°011,ns die mec pre,alcnte spl'Stc 

gc1sokcr e11 11,1:. ook , crnn111oordcl1k , 1r die mccstc \an die 111fck,1cs Al,!tit•n , ·. g/ahn11a isolate 

,,a ge1 olccr ,an 36°0 ,ar1 die pa 1cntc C. kni,,·1. C. Im/'"-""~ C'. g111//11:rnumd11 en 9 onbckcndc 

1 olate \\85 ook gclmeek Die mccrdcrhetd van cite isolatl' was slcgs gctnhibccr dcur maugc tot hoc 

dos,sse 18- 12,•glml) ,an kctok<masool. moontlik omdat die pa:-1cn1c , ir Jang tydpcrkc nan die 

anufungalc m1ddcl blootgcstd ,. 11 In teen. 1cl1111g da mncc. 11as die mei.stc i olatc getnh1bcer dcur 

Jae doe,i sc ,an il~kl 11:ir,ool 111001111:1.. omdat die pas1cntc glad nic blootgcs1cl 11 ·1. aan die middcl nic 

(,cnoupcnng , an < • ulh1, ,111, 1~ola1e hct uan~cdui dat sommigc pasicntl' cfeurgaans idcntiese !i1a1,1ml 

gcdra hct. tl'm·vl ancler pas1entc mcc;-r as een rt.im g~drr. het n,A anali c Jui (Wk aan dat ' n klcin 

per enta,,e van i,olall' 1\lil kiembui,c en d1ldllljdos;>J1e ,orm, 11100111lik ,crkcl'rdcllk as (' a/h1rn1 \ 

gl·tdc1111 fiscer \111 
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Sl '.\t.\lAR \' 

f'he aim of th1~ tud\ 111b to 1mcstigute the dlcct or cytl,to:,ic thernrv and prolonged antitungal 

th~-rap~ on oral c '1111thda c;pccic, 11111 gi.iup of29 acute lcukacmu patients 

lhc pll'S•'ncc of orul lc~111ns 11a, n11tL'd , and smears ond s11line tins..:s \H'll' rollectL'O from the 01al 

ca1111c of the patient~ c 'a11d1dc1 1,olatc, \\CH.' gn11,n 011 SabtiurauJ d1•\t1osc ,1g111 and d1tforcntial 

media Isolates 11crc 1dcntilicd \\ ith thL' aid of phenotypical charactc11st11:s aPd sugar assirnila11on 

protiles c •• alh1n111, strains \\CIC gcnotyped ,,ith the c •. e1/h1rnm specie,-,pecilic probe, Ca3 

\ high percentage (72°0) ot'the patient!> manifested ,,itt, oral lesions during the stud) penod. ,,ith 

oral cand1do,i, as the most prevalent (44 8°0) lcsmn Eighty-six oral (~amlulu isolates ,,ere obtamed 

from 25 I 86 2° o l nt' the pat1enh included in the qud, < • alhtrnm ( 56 98% l ,,as the most pre, alent 

pc..:ies i,olated and \\ll'> nbo ,e~porNhlc for the rna1ont1 of 1nt~ctions bghtL'en <' >,:lahn,ta isolates 

\\ere <1bta111cd trnr1 9 patients rn the ~tud, group Other c ·a11J1da isolate, included r /..rn,e1, c • 

1rop11·,,!1.,, C.):111l/1a111m1<.'1i and 9 u1mk11t1ticd bolates ·1 he rnajmit) 11f rslilates \1ere rnh1b1tl'd onlv 

b\ 111termediate tn high CR - 3'.?µgimll concentration~ o!'ketlicon.uolc, pmsibly due to tht· prolonged 

,:xpo,ure of the paticni.. w the drng It \\IIS further found that th1.: majority of isolates needed 1cm 

do,es (4ftg, ml and k,s) of tluconazoll' for grew.th inhibition, possihl) becau,e the isolate~ \ll're not 

c,po~cd Ill this antilimgal drng 

( ,enot, p111g re, ca led that ,ome patients -::anil'd thl' ~.une strarn nf 1 •• 1•/h1u111, thro11ghmt1 thl' study 

peno,l, \1 '1i!c :1,11lt1pll' gcnot,pl', \\l'IC ident,iied in othl'r, D:\ \ anal":' ti.inher ,hm,cd that a small 

perce,mge ol'gl'llll tuhl' ,md chlamydo,po11.• positi, e i,olate~ ,,a, po srbl~ i111:n11cctl\ identified as<'. 

<1lh1t w,, 
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C'IIAPTER ONE . LITER,\ I l 'RE RE\'IE\\ 

. I. IIIS I ORIC',\ I. 0\'[R\'11.\\ 

C'nndido i:. 1s an opportuni~t• fungal infection, caw,ed b, ,cast bclongmg to the gcnu,; <'wulrda It 

, arie~ frnm upcrficial m, co cs of k111 and mucosa I areas t im a:m e lifl'•thrcatcnmg d1sca. c ! I. 21 

r.and1dos1sl::-,n C1md:d1a,1s 01 11111111hasis (.111 ofrnuco al urea, is i..110\\11 as thrush (-1) lntcction or 

the blood i called urndidcmia, ,,hilc the term "'>ystcmu: camhdosi~" 1cfcrs to inlcc.:tion of the 111tc111al 

organs tk1dnc} , h,er, brain) I he tcnn "nwnilias1~" is incorrect 11s i\111111/111 'I'!' are fi111g1 that cause 

rottrng offmit t2J • Cnnd1<l111s1 • and "cand1do::.1~" arc hoth accepted, hut Odth (21, prcler w U5l' thl' 

icrm "candido 1s" as all other myco cs arc de cnbcd h} 1crms th:it end \\1th the utlix '-cisis", cg 

ll'-jll'fg1ll0 1s. l11stopbsmos1s 

I he disease \\lh tiist recognised in 4 BC h, I lippocratc , ,,ho de,cnbcd oral lesion rescmbl111g oral 

candid-.1s1s I he c1rnsa11, e organism ,,as first dcscnbcd h} Langenbcck in 1839 Vanous name such 

a , J1tl111111. •'I' , 11m hum and Sm clum1111yc,•, a!h1C.(/II, v.crc a signed to it before it became Caudula 

in 1923 (2) 

t ,mdula infoctions increa cd during the last fc\\ decade ( S, 6. 7 8, 91 Cand1dernia nov. constllutcs 

approx1ma1cl, S-I0° o of all bloodstream 1nfcc11ons c 7) and 1i. the fourth mo t common 11osoco1111al 

111fcc1ion in the I mtcd States of \mcricn t IOI \1onalit, dul' to s, temic cnnd1do~i~ ll'11ta111~ higher 

than 50°0 171 \.1nous factors Cl11t1nbutl'd to the 111crcascd incidence of c,111chdosi 

procedure such a, urgef) and .1ggre::.~1vc immuno:-uppre ·wn incrca~e the sur, ival r1ttc of patients, 

but also add w the 11~k ofde,cloping npportuni 11c infection , hke cand1dosi~ nn<l aspcrgillo,is (C,) 

lncrea cd I-no,, ledge nhout the di eUSl' and ih c,1usati,c organi,nb. as \\ell n~ better diagnmt1c 

procedure cc g computed tomogmph ,l, ilkn1ifv intc1nnl 01gan inti.·ct11111, pohmc1ase chain 

reilCtion to dctCl"1 c 'c111dult1 I>'\\ 111 blood, ,ind 111nnuno1ul·c1p11u11ont 111(1c,1,l' tlw numbc1 of 

15 
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patients thnt arc chngno5cd ,,1th candido 1s Another reason tor the oh,er,cd rncrcasc 111 cnndrdosrs 

is the appcllrnncc of HIV l!nd \IDS-related d1sca l'S (11 . 12, 13, 14) 0ml and orophar)ngcal 

candrdo~,~ nllcct 41 - •JVl o of'lll\'-,ernpo,11i,c nnd \IDS palienh and i used as .1 market fi.11 the 

progrcsston of 111\1- cropo i11,11, to full-blo,,n J-\:l>s 11,1 In a tudv h, I 1schcr-lloch and 

llul\\ngner thee pauents r.hm,l'<I n tenfold rncrea c of canditlos1s 181 compared to a l\.\ol11ld 

111,1 casl' arnongs1 paticn1 s \\Ith l11tl'lllillOlogicu: nrnlrgna,,cil•::, 

tnfccuons hv < '011d1d,1 '/II' other th,m C 11/h1, am ha,c incrc., cd in recent dcc11dc lhcsc pci:rcs 

mm cau e 44i0 o of all ,·w1d11/,1111fccuon m oncology patrcnt!> 11<>, 17, 18) In addition, some 

pccrcs ,hat \\CIC prc,iL,11slv regarded as JHlll•pathogenic (,uch as<· /11111<111111<' and('. :t')la11md,•,1 

arc no\\ rccognrscd a. human pa1hogcns ( 18. I 9, 20, 21. 22 l 

I.!. Im: Gl:~. l S CANl>IO,\ 

1.2.1 I he drarnrtrristin of C11111li1/a 

:\!embers of the genus , '1111dula nre cla 1fied as eukur)otrc unicellular organr~m Perfect -,1ate 

(\\here orgam m can reproduce sexually) 111c descnbctl tor omc specie. hut c i.111,hc/11 ,~ clu sified a 

I N111<•nm1_1..,<' , or/ 1111}:I /mpafi•<.11 (no exunl rcp,oduction) (23 l 

1nly II fo\\ of the more than I SO knm, n pcc1c of ( '011,/11/,1 o::cur in man and cause <lrscn c I hcsc 

ga>t1ointe trnal tra,t and kinfold~ I he 1111111hcr of,eportcd c 'm1.l1d,1 l'ltrricrs ,mies, due 10 drtli:rcnt 

umplrng technique, and ,111dv populntron (2. :4 l I !calth\ rndi, iduals earl) lcmcr numbers of 

orga111 ms than those ,,1th prcdrspo rng ~•p11d111ons 124i, 26) I Ill' n11111hl'rs l)t'hl·nlth carrier~ nrc al o 

le,, than indi, i<lual "uh pred1,po rng co1od11tons 1271 ,\pproxim,llch 17 to 'i8° o of ho pitali ct! 

pa11c; ts. h, llhy wntrol ~11:)jClh and health pcr~o,,ncl car1; C 'w1d1d11 011 their han<l-, (28) Eight to 

20° o ot health) people carr, < 'c111dula rn 111c anorectnl tract. compared to I Ill "l 1° o for i11<ll\ 1d11ab 

16 
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< ·wulida 11/hl('(1//\ is the 1110,1 prevalent cast in hum,1ns Othrr spe..:1e:, or 111cd1cal importance, are ,~. 

gla/111110 (prcvmu~lv lm11l01''" xtuhrata), (' /..mw,, , ·. f'lltap.11/0.\/1, , ~. f..t:br (previous)) C'. 

f'lt'11do1111111call\ I, < • 11·01wc1l11 and C •• x111lh1•r111011d11 .Specie:. such a:- C •• hpo~\'llco and < • 

1·1111c111e11lt11 arc 1sulated occasionall} from humans 

C '1111,hda ·'/1/1 grnw a1•roh1cally at temperatures rangmg hemeen 20 to 47"C (optimum J7"C) The 

yea~t 111ult1phc:- asl':-.uall) b) budding. forming mal to elongated hla,tospore~ (23) I '011,hda V'/1 arc 

d1111orph1c organisms ,tnd can exist in the ~east (blastospore) <' r 111\cchal phases (p,cudohyphac) 

81as10,po1es nre seen prcdo111ina111ly durmg the commensal state in humans, while pseudohyphae and 

h)phae prcdonunate during the infoctious state (29, JU, 3 1) All < 'c111ci1da '/IP , except (' gluhrata, 

arc able to produce p5eudohyphar C alhuw,, i, the only species that are able to form hyphac, i e 

elongated cellular forms I hat an~ ~eparated by septa < • alh1ca111 possesses unique qualities !hat 

distinguish it from 1he other species, such as the abil1t~· to form germ tube~ (.<,tnicture~ growing out 

of hl,istosporcs and represent1t1g the beginning of the hyphal pha,e) l!nd chlamydospore!> 

C'hlam) dospore, arc ,phcricnl ~truc111re formed ,H the tip ofhvphae These spore, ttppear \\hen the 

organism grmH in nutrient poor media such a, cornmeal agar (,12) Receml; a rll'\.\ group of 

clinically isolakd < 'c111cl1cla that arl' germ tube po,it1\e and produce ch lam) dospore,, \\ ere de,crihed 

l'hese isolates do not prriducc carbohydrate assimilation profiles typical to ( · a/hl('(III\ isolates 

Subsequent genetic analysis le~ to the reclassification of these strains ns < •• c/11h/i1111'11\/.1 (.H) 

< ·wuhcla ,pecics arc d1tlerentiated bv colony morphology, colour on d1lforential media IJ·l , J~). a, 

\~l·II a, the carhohydrn1c assimilat1011 and lermentation patterns llftht• !>pccie, 

1'11c cell \\all or c ·. al/11rn11, co111ai11, 111annoprntc1n,. glucan, lipid, and chit111 (J6) It consists of 

appwximateh threl' Ill the la,cr, consisting res1wc11, elv or lib1 e,, ,tniorphou, 111a1erial and granuh.:s 

(3 7, i8J f'hc inner layer fo,ms irl\'agin,ttions into the C)topla,11111'1g I J 
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Figure /. rhr crll wall of C alhi('(lm. 

A Ll\cr 11 llh 111os1l) clec1ron-dcnsc 111annopro1e111s 

B Elcc1ron-dcnsc area moMh mannan 

C ln1cnncd1,11c clcctron-dcn~c :Jtca ('! 111an11an and glucan) 

D Transparent area. mosll) glucan 

~ Electron-dense area ( glucan. cl1111n. murman) 

Fienrc adapted fro111 Odd, (.2) 

f'he gcnotvpit-ai charai:tcristu.:s of< ·w1d1da are not full! elucidated yet 1\Jthoi.,gh controversy exists. 

it 1s thought that c ·• e1/h1rn111 i~ a diploid organism (36, .N l c '. alh1rnm possesses 9 - I 0 

d1romosomes ( 40), ( • }dahrata IO and < ·. Kl//ll1er111011du 6 chromosomes ( ·. 1/t'/1111011./ea. \.l,hich is 

considered to be a \ Mi ant of C •. a/h1rn111. possesses IO - 12 chromosomes ( 41 ) Mitochondrial DNA 

from C 'and,da a/h1l(t111 contains repeated sequences ( 42) These DNA repeats are utilised in 

hybridilat1on experiments to detect DNA polymorphisms and, therefore, allow discrimination 

bet\\eCn d1tforcnt strains of(' alh1rnm (43 44) 

1.2.2. htrton that play a rolr in, irulenc) . 

. \dhesion: < ·,111d1de1 isolates possess ,anous adhes1ns (Table 2) thar aid the organi!>m in the 

estahlishment uf colonisation, infection and evasion of the human immunological defoncc 

mechanisms nic,e adhc~1ns are carbohydrates or protetns that are e'\prcssed on the cell \\all of 
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blastospores m hvphae i\1annoproteins. a combinat10n of mannan and proteins are the most 

important adhesion molecules (45) Some adhe\1ns a,e present on all cellular forms of the yeast. but 

others. hke the laminin receptor (46) and complement bindi11g receµtors, are expressed exclush,ely 

The fibronectin receptor of< 'a11J1Ja 1s related to a.5-~ 1-integrins ( 4 7) f.ibronectin 1s a glycoprotein 

found on cpnhelial cells. as well as in pla:,ma and body tluids (48,49) The fib1one,;ti:i. receptor is 

only found in C 1rop1rnl" and C alh1C:a11, Fibroncctin-coa1cd vaginal cells have higher numbers of 

adhering yeast cells than uncoated vaginal cells Accordingly. ,ht incidenre of vaginal candidos1s is 

higher during periods of the menstrual cycle when more fibronectin is expressed on vaginal cells 

('iO) 

Table 1 Adhesion molecules that hdp ( 'a11d"la to adhere w host cells 

Raeptor in hosts Adhesins on Candida 

Gl~coprotcm \lannoprotcms 

Molecule on basement membrane of mucosa! cells Lammm receptor, po~s1bl~ a protein (46) 

Ac~ he dcmal material , ,a n1uc111 Glyeoprocem (51) 

Lactoc~ lccmm1dc [ lnJ...110\\111~2) 

F1hroncc11n o5-r I- mtcgnn 

1C3b Ob Lnl-.nown 

bidencc indicate:-. that ( · a/hnam bmd:. the complement factors. ,C3b and CJb ("i1 ,;;4. 'i'i) through 

non-covalent bonding f-or op•.onisation to take place, bindmg to iCJb must be covalent GIimore er 

al ( ,;;5) suggested that the non-covalent binding of < 'wuhda might be a mechanism by ½hich 

Camhda evade opsonisat1on and neutralisation b\ human immune defence mechanisms 

C alhrn111,, < · trop,rnfo and C k111w1 ha\ e the best ability to adhere to mucosa! surface!> ( 56) 
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lmas1vc ,;train~ of( alh1tw1, . as ,,ell a::, hyphac and germ tuhc:-, an: mrnc adhe,i,c than cnmmcnsal 

strains (57l and germ tuhe-negati,c strains. 1hus pointing tmYards the roll• ot'adhc,ion in the im a,ion 

L)'nlt'.,: .\1embrane-damaging phosphohpa:.c ,\ , 8 and C are ~ecreted n) pathogcnk < '1111d1da and 

catal~ tic acti, ity of these enTymc5 1:, optimum at an acidic pH (58) During infection of mice, 

in-.:dsi,e P,olates produn: more ofthe"e en.r,mes ('-'J). cal1,;1ng a greater degree of membrane dc1mage 

and death Chnicall:,-. the op11mu111 act i, 1ty lit lov. pl 1 is pos,1bl\' related to the de,elopment of 

denture-stomatitis (a form of oral candidos1s), as th .. pl I of the denturc-beanng :,urfaccs is s1milarly 

lo\\ (58, 60) 

•\nother enzyme. aspartate proteinas\.', i, either secreted by C a/h1rnm, or 1s pr,.,ent in the cell wall 

It hydroh~e, ,ccrctorv lg,\ complement factor 3 (C3 ), aJbu:11in and keratin Invasive isolates 

secrete higher concentrations ot protcinas1·s (61. o'.!) and adhere more rcadil) to nv,cosal surfaces. 

thu~ indrcatmg this enL,me a, a ,irulem:e factor fhis enzyme plays a role m the de,eloprnent of 

,aginal candido,is (f)J ) L e~s pathogenic ('arnhda ,pp al~o pos~e:,s a proteinase tem1ed 265 This 

protemase has a lm\er le,d or hydrol~ ti..: act1\·1t, than proteinascs fr0m more pathogenic species, 

such as r. a/hit a11, and C •• tmp1rn/11 (64 / Lastly, it \vas found that antifungal resbtant Candtdu 

i,.olates (65), as wc!I as those from diseased patients (66), produce more proteinases than antifungal 

'l;:nsit1\ e 1,olates 

H) drophobicil) c ·w1'/1da cl!lls ,,1th hydrophohic surface:, are more a,1'1esiYc than those with 

h) tlrnphihc surfaee urea, (u 7) In C ulh1rn11,, the degree of hydrophobicity of st rams is determined 

h) fac1<,r, like temperalure, the ph,tse ,)fgrt1\\tlt (h,phac or blastosporcs) and changes in the surface 

e,po,ure of cell \1 all p1111cins ( 68 l l'he preci,t! mlc th,tt hydrophobicit) plavs as a , irulencc factor, 

i~ poorl~ defined. \\ith ,a0 mg and inc0nsistent reports l'hese inconsistent report~ are lhe result of 

differences in culture methods and mate1 ial ( olJ) 
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Germ tubl' and h~ pha<' formal io n I h1, pht•nomc11011 i1p pa1c1111\ 1:1..:il i1.1t1.:s th\.' 111\,hlt)n proccs~. 

!-ince hyphae (and p~cudoh1phac) can gro\\ more ca,11) hct,,ccll 01 thrnugh cells tlwn hla,tospore:, 

Gcm1 tuhe formation (beginning of h,phal stage) h:-, C a/h1wll\ enhances the \irulcnce c.f the 

organism ( 70. 71 I llyphae and germ tu hes ti-om < •. alh1cum adhere better to cells. and hydro!} tic 

t:nz)mCs are localised 111 the tips of hyphac during the invasion process (72) Fibnl-hke cell wall 

components. that are found on hyphac of<·. a/h1rn111 , appear to enhance the capability to adhere 

(73) 

Switching of colonie~: c · o/h1ccr111 can S\\itch It<; colony phenol) pc from -,mrioth. white colonic:, to 

\anous other forms such a, star-shaped, opaque. and wrinkled l'h1s phenomenon is called 

phenotypical switching (74) and are well described in li1boratory ~trains such as C albtrnm WO-l 

and C alh1rnm ~ I 'iJ \ (75) The \\.0-1 (\\hite to opaque colonies) system are co-ordinated by the 

01'-I. /'U'I . and H'hl genes (}f'-1 and /'fl'/ are active during the opa4ue phase. codmg tor 

products \\hich induce the phenotyp1cal characteristics The cells of \\hite colonic:. exhibit normal 

blastospore characteristics. \\ lule the cells of opac,..ic colonies are elongated and larger. v. ith changes 

111 the cell \\all ( 76 l s,,nching possihly plays a rok rn the pathogenK;ly of< · ulh1w111, as :,trains 

from deepseated infection~ areas exhibit s\\ i:chrng at higher frequenc~ than strains from superficial 

111fectton~ (77) 

Coage!utination \~ith h:,cteria CertJm piliuted bacteria enhance \east adhesion to epithelial 

surfares in \itro (78, 79. 80) ;\t least one paper reported that adherence to b1cteria helped C. 

alhK<III' to establi,h bladder infoi:rion (30) 

1.3. AETIOLOG) OF( l.\Ul0A 11'FECTIO'1 

\'east~ are acquired thrOLlfh per..,,111-to-person c,in,r.ct (81 I e g i1 mother to he1 baby during birth. or 

from the em1ronment to a person anel frnm on.: bod1h -.itc 10 another In the ab,cnce or breal-.dO\\n 

of host-defence mecha111srm. ( 'amhdct invades the supertkial surfa~e., ot' the host ( ommensal 
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~trains usual!\ are the source of 1nfecuo11 "itrarn n:placemcnt can occur. u~u,tlh b, llther LC'l mmen,al 

... u ain, that haH~ traits \\ h1ch help them to adapt belier 10 the ho,1 ( li2 I 

The blasmspores attach 10 host surface~ with the aid or cell surface adhe,ins ( 83) I: \\3<, 

demonstrated. with < •. a//>1tw1,. that granule re"rrangement of ry ~ • ~ 1111c and thi.:- cell \\ all 

components occur (84) as the blastospores comert to the hyphul µ ... 1,c (31. 37, 71). ,,ith the 

formation c_, f germ tubes l lvdrol) tic phospholipases in the tips (85) of hyphae are secreted into the 

contact area ben.,,een the penetrating hy phae and the membranes of the host (. u//urnm hyphae 

exhibit tt>igmotrop:sm (contact sensing} and grow in areas ,,here the least resistance to pressure 

occurs ( % l Although hyphae enhance the ability to invade, it was ob~cn ed that tissue destruction 

by C a/h1wn~ blastospores can also occur before the formation ofhyphae (87} 

Hyphae germinate to fom1 buds and spores Characteri~tic candidal lesions such as white plaques in 

the oral Ca\ity , fungus balls in the brain. microabscesses in the liver. brain and valve endocardium are 

formed A typical kidnc\' lesion comains ll1)Cehal elements in the tubular lumina. a!> ,.,ell as a 

pol) morphunuclea1 ncutrophil infiltrate \Jacrophage, and l:mphocvtes a, e seen on the penphery uf 

micn,-abscesses (JO) 

l.4. THE HOS'l 

1.4.1 Predisposini factors that play a role in Ctmdicla infection. 

Candidos1s occurs m pauents wtth debilitating diseases such as diabetes mellitus (88). AIDS (89). 

and haematological malignancies (90) Infection occurs as a result of the side-effects of therapy, e.g 

cytotoxic therapy ( 9 l ). or a due to the unmunmupprcssive effect of some diseases, such as AIDS 

Orophanngeal candidosis manifests chmcall; in ,\IDS patients ,, hen CD-I .. I) mphocytes are 

dechning (92.93) It ts h~pothes1sed that changes in the host. due to treatment or disease, ··select" 

for more ,irulent and adaptable commensal ( ·wu/Jda ullncam strains (94) This phenomenon is seen 
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rn drabetrc. pregmrnt \\Omen 195), \\ho e isolates adhere bcuer to \di.!lllal mucosa than rsolate from 

control patients 1m1larl). C c,/h1w11,, olat.;.> from Ill\ -seropo it1,c pati\.'nt arc morl adhcs,,e 

and s1.crete more protcma cs than isolates from health} patient,; (941 

Trauma and ex, trng rnfcct1on~ are contnbuto1, fncton; m the dc,elopment of candido r• Candida 

supennfoct1on occur rn burn \\ounds (96) upcrficml infection cnuM.'<i b, .\1<1pl!;lcKo,cm ,111r,•u1, 

S,•rrmw muru•~, ,•m . Stn•pl<J<"<"-'-"' /c1,•u1lt, and 1/erp,•,. can become supcnnfocred \\ 1th Ctmd1da 

(97 98) Di scmrnated cand1do i frequent!} occw concorruantly "ith bacterial ep is (91) 

carboh)drate-rich diu. malnutrition. mamm (99). and iron deficienc} is uspccted to be 

contributory factors in the de,elopmcnt of Cc111d1da infection (2.) 
In ,itro experiments 

dcmon:.trated that an exec of cnrboh)drates mrght stimulate Candida growth ( 100). leading to 

o, erg, O\\ th 

An intact immune s, sh.:m 1s , nal for protection rgarnst < i.md1da C,md1d1.1 outbre.iks m neonatal 

mten l\e care unus <ICL' J are ,,ell de cnbed rn the lneraturc (l t) I 102. 103 104) 1 heir immature 

rmmune S}stems cnu e neonates to ufler from oral cand1do 1 • espec,all} dunng ho p11alisat1on 

upponl\c care mechanisms for neonates ndcl 10 the risk of no ocom,al rnfoction, e g o~-ygen 

suppon. cathcrherisauon and an11b1ot1c administration 

\t least one repon de cribed the nursing per onncl, nho \\ere carriers ofCa11d11/,.1, as the mfectmu:. 

source of<i111dula ( 10 I l \s m the case of dl'11htat1on II nas shonn that (' alh1Lw11 adheres betttr 

10 mucosa of prctem1 neonate, ti 01\) than rhose born on tcm1 1 he role of the immune s, tern 1 

al o demonstrated rn patient:. \\Ith delcctl\c immune , terns l ' g patient \\llh ccrrnm cndocnnc 

dr order and genetic immune dcfocrs (2), \\ho uflc" from chrome rnucocuram.•ous candrJo~,s 

,\b0u1 n &hrrd of all \,omen dc,elop \agmal candrdosr ( 106> Pregnancy. oral contra,·eptivc . the 

u e ofantib1011cs. (107 10 ) cenmn spernuddal preparation such ns Nonox,nol-9 (10 1. light-
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fitting mlon undcme .. r ( I J 11 I and 

, agmal c md1do , I he mfluen t> ot h m 

of the men tru .. l C\dc Durmc 

re pon tble for ,acmal c 111d1dos1 arc C 

C and,do I'; 11 a tk-dfoct f n cd lal t 1: tmc I 

cau cd b, ccnam treatment that \I , 

1 the propcns11, 10 de, clop umM1al mJ ·ct1 n, I 

Onl' of thl' maJor factor, that mcrca e the n k 

clmunate nonnal ba..icnnl flora from the a tro-mtc 1 

I I 'i) These bac1cna normal!) mh1b11 , ca 1 •ro,, th t 

the ga tro-mtcstmal cpnhehum of mt c effect , c , b 

{I JC,) urg1cal pa11en1 1117 11 I dc,e p 

con1am1na11on ot \\Ound, r catheter 

hcdn urccn. pa11cr,1 I he nsk fact 111 

catheters ( I 2 I) parcntcr I hmem1111 n 

1e p:rntOI) ll 1s1ance a ,,ell a po ,hie tr n fer ol 

pa1,cnt (' parap,1/0111 mlccuon e pecmll\ arc , 

ca,es of mfectr .. cathCtl'r lmc, candrdo h 1, r ptdh Cl red mp , 

uhsequcnt an11fungal treatment (I~,) 1 he n I,. of nl 

alb1<w11 can adhere ,,ell to area that arc h,droph b 

a, L' 1111phca1cd m the de, clopmcnt 01 , 1no1 ., I rm, 

steroid an11-mila111ma1or, dni~, an I ,tcr 1d l21 

I he nn,ocomml em uonmcnt pla,., an 1mponam r 
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of,,hich -. ... , .. hdo~is \\as the main 111fcc11011 [)\; ,\ anal)~i, pro,ided c,1Jcncc th,11 <'<11uhda can be 

transm11trd to patients in the nchocom111l cmi1onmcnt 11261 I ransm1 s1011 occurs through fomites 

t 127). hospital personnel that a1c earner, ol Candida I 118, 1181. \1,lling t111ml\ of hospllabed 

p 1t1cnb I 12'>) wd contan11natcd fi,od ( l.:'.7) I he lnngcr the pcm--d of hosp1t11l:sat1on and 

11nmuno,uppres,ion I I '.10). the greater tlw risk for de,clopmg Candida mfcct1nn, 

1.4 2 llo~t immunr rr,pon,r 10 ( ·11,11/it/11 

Secreter) :mn,unoglobuhn A big,\), present in sah\11 and lJ1.:ast milk, 1s pn,duccd in re,pon,c to 

< ·,,.,11,/ida antigen ar.d protcl.ls agdinst mucosa! colonisation ( 13 I, 132) The rnh1b11ing ctTect h 

pror.abl\ achie\'ed hy specific ,lgA molecules that hlock < ·wuhda adhesion ~,tcs on epithelial 

swfaces 

·, a.. ho~,•~ n.'.\p,1me lo inrnsion l'hc first hnc ol' ho t defence i, the recr .. ::•11cnt of phagocvtcs, 

Jen as pol)morphonude.u leukoc\tcs and macrophages. 10 the s11e of infection 

r l • ll'jiitunuclear leukm"\le are more succe ful than macrophage., 111 thl' mtrncellular killing or(' 

,,/h,mm ( IJ 3) Both op oni ed and unopsllmsed cell-. arc mgc tcd h) phaguc, ies, hut opsonised 

cells are phagm:, toscd at a much lughc1 ratc than unop:.oni-.cd cdb (: .14) Phagocytosis ond 

1111rnccllular kilhnu tif ve,t~t cell• are enhanced in thl' pre cncc of scrum opsonins ( I JS. l JC•, 

K1lhng 111 polymrn r•10nuclear lcl'l,Ul'Yll':. , .. mediated b, the lll)elopcroxidasc-hydrogenpcroxide­

haliuc s~ .. t•·m, 1:l7), but 11ls,1 b\ the aid ol a ,l'cond, unidentified mechani .. m ( 138) Danie) and 

I l1lgl'1 11 'l91 dcmon,trntl.!d 11 ~• c 'w1Lhda mannan l Jli in:1i,11e the m\doperoxidase­

l" drogcnp ... ro,1de-h:ihu~ 1 ',11 h-hahde) sy-.tem 111 ncull ,.111,, Pol\morphonuclcar leul..oqtcs 

al .o cxcn a fung1stat1c ctfrct l ., , 1 t cells ( I HJ 1 Tlt,s 111echan1-.111 occw ~ \\ hen neut rophib lysc in 

areas of dense infl•ra•es of yeast ce,:s rnwu!;lt the h ,is procc, . a tungistat1c c, toplasm1c protein is 

released !'his mechanism po-.sibl\ C"nt·c,J•. the inti:ct1on and prc,ents SJJTcading to other areas 
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·· ..... ----------------~-------------------------- - ------------------------

Macrophages adhere Ill < 'a11d1cla mannose , es1dues through their mannose receptor, \IR (I ➔ I) !'his 

1m1-es, is cak1urn-depcndcnt l pon phagocytos1s, macrnphagcs are ~11111ulated to produce H202 

and ox,gen rad1cab, resulting in the dc:,truct1on or yeast celb ( 14::) 

:'\on-phagoc! tosable hvphae :.1re killed b:, macrophages th1 ough direct contact bct,\ec11 the 

macrophage and the hvphae ( 141 I The macrophage attaches Ill the hyphus and spreads itsP.lf 

alongside the hyplius, \\hich then fail, to p1oli1-.:r;,1e an) funhcr !he precise mechanism ofk1ll111g is 

not J..ncmn It is postulatl·J that ihis 111cchan1sm helps \\Ith destrU1:11011 of h~Tlhae that arc wo big to 

be rha~m:ytosed Tim hypoil•csi:. is supponed by the obsen auon that macrophages can di.;tinguish 

between the hvphal and blastnspore phases t 144) and ha\e a different response to each phase 

J'hc candidaddal ac11, 1ty of umt1mulatcd phagocvtcs arc inefticient. wl>ih: activation leads to 

incrt•ast:d killing of< 'c,/1(/,da ( I -~ "i, 146) ,\ugm•;ntation of the immune rc~ronse occurs I hrnugh lwo 

pos,ibh.' routes (I) a I -cell 111depcndcnt i.>utc, and (2 la I -cl'II dependent ;(iutc 

f-cell indt•pendent roi.le \ 1..lcwph,H!C\ an~ ,1ct i \ill Cd h\ II,\ dop 0 10,1 )av: ..-, :;11.:h 1s , dca~l·d bv 

polymo1phnnudea1 lcuJ..ontes into the cmitonment (147, 148) Similar obscnallon, 1...f anti­

< 'wulult1 macrophage-al'tl\ at ton h} c 'w1</tJa-mannan ( 149), ,I\ truk-nt C t1!h1iw1., ~trains ( I :,0) and 

other mic1obcs haw been reponed Actr\ated macrophages produce more rcdUCl'd o,ygen 

intem1ediatc!>. the~.- 111duces C) tokine prcduction and destroy higher number!> of ( ·w,Jrda ( 151) 

!'-cell dt'pe11dent route l pon mucosa! challenge with (' albrw111 epithelial cells exh1b1t the 

human lcuk01:,1e antigens DQ and OH on it, ,urface ( ,,,) These cdb arc phagm:vtoscd by 

macrophage~. ,,. hich then prc,ent nn a_ntigcn to T-1} mpht1C) tc, The latter proliferates and produce 

,ariou, cvtokrncs. e g interferon ()f':\-y ) and lumor nccrnsi, fartnr t 1:--.:1•-u) ~e~rcted IF:'\-y 

acmate, macrophage prnduction ot' f!':f -u, '"hich then acti\i1tc, pol\mnrphonuclca1 lcuJ..ocvtes w 

kill Cw1cl1cla fhi~ stimulatorv mechanism, proposed bv A!>hman and Papadimitnou ( I SJ), i, , ery 

imponant, a, unactivated 1,olymo~phonuclcar leukocytes and macrophages destroy only 
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l~xperimcnts \\Ith mi..:c ,l'O\\Cd th:it II \. "( and l''-1·- a 111Ju.:c ,Ill augmented pol\morphonudcar 

le•Jkc,C)te,-rcsponsc ( 15-l) v. 1111, .,1-grcmth stimu!atof) t'nctor (C-GSI ) induce~ the production ot' 

more It,•~ l1Cytcs in the hone mat IO\\ , 15:) 

\1unne models dcmon,trated that nw..:osal colo111.a11on t,, C alh1call\ 111dm:cs a T-hclpcr-1 ( Ih I l or 

f -hclper-:: ( : h2) lvmphoc~ tc response t 156, I 'i 7. 158, 159} I he lh I m,ponse results in the 

generation ~f 1 ,i;-1un,1lng1cnl prote..:11011 against iniection of mucosa and organ~ I he Th2 response 

111,ls to ~tl'P 111a~s:H' ,irgan 1nliltrution b, , ·1111d1da, kad1ng Ill alN:css formation nnd death 111 mice 

1 • r 111d ,, dllll >f • h, 1 h-rcponsc I mantpulatl•d b! , ar iou \'.'\ tok1nc~ I he pre,L•ncc uf 111tcrlc111.m-4 

( 11.-4) r1,111r. , 1 '1, • ' •c r rmsc, "Iii':: the I h I nc,ponse can hl' 111d11ccd 111 an ;1111111al model b} the 

neutrah a11on of 111is c.. ,l 11' • l'rotccu,e 1111munitv 111 0rgans is confer ed bv macrophages, and is 

rndu cd in 1111Cl' ,,hen phag11c!te~ are Mimulated ,•,1th n,i.11lent C ulhllw" ( 156, J'i7, lbO) 

rhe role of the mt act immune s1stem in the protc~tion again I candidos1s, i clcarl ( dcmon~trnted 111 

,\IOS-pa11ent!i, ,,here there i, a delin11c correlation b t\\cen declining 1111
1

11 •e1s of CD-I+ 

h mphoc, tcs und 1he de, cl(lpntcnt of oral an,i ,,esophageal c,mdiuu 1, ( I 61. 162 l 11 e impor t,lllCl ot' 

ncutr orhils in protcc,iun r.g.i ,11,1 d1s~cm111mion 1:, 11.-.ctu lined b, the fact that neuu opemc pa11cnh 

( ,, 1111 I'!,,, t'iar: "00 ct'll~ r 111 J ,1r~ !111.lhl) pt c&,1w~ed It' Je, clop ~and,dl1'1~ ( I uJ I 

t.5. 

lhe pol,encs (n!statir. , amphothc11c1n h) and 11;~ ,aril,u, az0l1::. (imiJaw <':,, 11i:1111lc~) are the drug\ 

of choice for the 11eatment 1,fvariow, fo1ms ofcamJ1..:o,i~ 116-l, l0"1 

Mrr hani,m, of 1ir11J! action Pohcnc, ure produced b, ,1111 A,1:m.,111,t'te, ,mu c.,11~1,1 of :i 

m,,crohdc 11ng that "' clo,ed ll\ an e,ter 111 lai:totll' t 1-ig 2 l I he t,11get n!' thl' roh c11c~ i, ~·, a.(l"-lt, ol 

th,tt i, prc,cnt in the I'.) wpl,P,mic mcmb1,111e 1,t' , cast cell, I hl• 1h 11g fi11 ms ,1 co111plc, Pl"'ihh :1 

27 

Stellenbosch University https://scholar.sun.ac.za



------------- - - - - - ------------ -- -

nng Str\lctu1e, Y-1th ergo terol This nng structure results m pore-formauon an the membrane, 

1nd1•c 11:1, n c,,nng: m 1011 transport o,cr the membrane E\cntually the cell conte,,ts leak out of the 

cell, rcsult,ng in cell lys1s 

The nzolc drugs target the cytochrome P450 dependent enzyme, '1nei.itl'rol : · o.-demcthylase (Cyt 

p450m.t) Tlus enzyme demethylatcs lanosterol an the path\,ny tr leads to the fonnnt1on of 

ergosterol, one of the building blocks of the cvtoplasm1c membrane 

The introducuon of azolcs into }cast cells cau es the mh1b111on of the lanosterol dcmethylauon step 

o ergosterol 1s available to be built into the cell membrane, and undesirable terols build up m the 

cell wall, wtth the result that membranes become more penncable, leading to l)S1 of the cell 

Figure_ fhe tructure of \.mphothencin B ( 166) 
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Urug resistance Drug re5istance usually follm>vs prolonged treatment \\ith an antifungal. especially 

"ith tluconazole treatment ( I o7, 168 I 69. 170. 171) •\zole treatment seems 10 contribute to the 

emergence of higher numbers of non-alhl<.'Cll/.\ C 'anchda 1pp. ( 16) The mechanisms of resistance are 

not fullv understood but various mechanisms were prnposed Reduced pcrmcab,lity of the cell wall 

to lluconazole ( 172) higher numbers of non-e~teritied tatty r1c1ds in the cell membrane ( 173), 

reduced drug accumulatron ( 174 l and increased gene expression to compensate for drug-induced 

inhibition of enzyme activity can cause drug resistance Van den Bosche et "' ( 175) observed that 

increased expression of/ .//)/I.I, the gene that codes for 14 a- demethylase c:iuscd azole resistance in 

a ( '. glahrc11a isolate 

Recent studies revealed the presence of genes that codes for drug transporters that actively pump the 

anti fungal drug our of yea~t cells \ ' 76. 177) These genes, CnR I and Ca.\ .I)JU ( 178. 179) produce 

\\ell-characterised transporter molecules. \\ith < '/)/?/ (('wlllnla drug resistance) coding for a protein 

that belongs to the ABC transporter fami!\ and ( ·,l\f})/0 coding for a protein that causes henomyl 

resistance Increased levels or ( '/JIU and CaAfl)/U encoded messenger R A wa~ found in azole 

resistant C alh,cam i5olates ( 178) 

1.6. THE ORAL CA\'IT\ ANO CANDIDA 

C u/h,rnm 1s the most prevalent species found in the oral cavity Reports on C alh1cw1.1 carrier 

rate, in the oral cnvity rane,r bct'ween 47 - 1,0
0 ( 180) Oral CanduJa colony counts higher than 400 

cfu ml are associated \\Ith oral candidosi!>, \\lule colony counts less than 400cfu1ml are nwmally 

associated with a healthy mucosa and thus carrier status ( 181 J 

I he posterior dorsum of the IOngue harbours the highest numbers of ( ·w,cluJa in the oral cavity, 

follm\ed by the palatum and the buccal mucosa of the cheeks ( 180) In denture wearers, the highest 

numbers or Camlula are found on the denture bearing surtaccs ( 182). 
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lnnatt' pro1ec11on ngninst l 'a11d1da 1nlcct1011 ol' the lllUl1h,1 1s prm i(kd h: the \,a,hing ,1ction of 

sali, a, nnllmi..:•obial factors in ~.1h, a such as h1~ta11n, ( I !U) and lactolcrrin ( I 84 ), ns \H~II as a ,.,,ell­

detined cp11hehal harner ( I w, l Competition for food and hab1tut bet\\cen C 'a11c/1da and the other 

nucrobes in the oral cavity helps to maintain km number s of oral < 'anc/1(/a Denture \\Carers have 

increased number ., of< 'w1d11/a, especially at the denture-hearing surfaces ( 186 I 

1.7. ( I I S IC.\L PRt:s•x 1A rtO !'<i OF ORAL C \ ~ DIDOSIS 

Acute pseudomcmbranous canchdosis manifest-. a, ,,h,te plaque-. on the oral mucosa] surfaces 

I he,e plaques arc scraped off to re,eal a red, erythematous surface ( 187) Infanb, the elderly and 

pa11e111s ,,ith dcbihtatmg disease a1c most commonlv atlccted by this form of candidosis Acute 

mroph,c candrdos1, is associated ,,ith antih1otic thcrap) and present as an erythem:itous, painful 

lc~1011 

Chrome atrophi,: cand1dow, (denture ,10111atit1s) ,.., seen 111 more than 60°0 of denture ,,carer, ( 188), 

c,,wc,alh elderh pe11ple I he clinical picture 1s represented h, an e,trcmd) er thcmatous mucositis 

on the denture-beanng surface~ I he origin of th,~ 1nfoc11on i~ usual!, endogenous from a 

wmmensal in thl' oral ca, it\ ( 189, I 90) 

,\ngular chcilitis i, a condition ,, here fissuring of the corners or the mouth occurs ( 'c111d1£/a .,pp arc 

no: the ,ole etmlog11.:al .igcnts and are frequenth found concomitantly \\Ith Sa11rl.!11 , I he lesion is 

er~thcmattius und pamtlJI ( I tl8) 

C'hrcH11c h\'pcrpla,tic candido!>i'> (eandiclal lcukoplakia) manitcsts as persistent \\hite lesion-, on the 

oral rnucusa lhesc le,,on, c.in he rcrno\ecl but not as eas, a, 111 the ca,e of pseudomembrancous 

cand1dthi~ l he prc,cm:c of h)phae on ,r,1e.ir, " cnntirmatron of the diagnosi, It is not known 

,~ht•ther c ·a11d1.la i, the pnmar: cau,c oft he lesion or a secondary invader 

C hronie mucocutaneou, cand1d1h1, tC\1CI invohcs, besides thl' oral mucosa , also the ,kin. nails and 
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olher mul'Osal ,u, la,c, \u1m,0111al rcccs,i\C tcndencic, as \\Cit a fanulial 1111:1\lr, ~uch a, cndocnne 

d,smdcrs (such a, d,ahcte:, mcllnus. h,poparathHoid1sm. h,pothHmd1sm1 arc- 1hc undcrl}tng 

condnion that predi,posc to the- deH!lopmcnt of C:\1C C\1C lesmn shm, mas~he intlammatory 

celb intiltration ot'lcsions ( 191) 

Median rhomho1d glo~~itis manifests as an as;mptomatic, diamond-,ha,,ed lesion at the Junction or 

the anterior t,,o-thirds and po,tcnor one-third of the tongue !his area i, depapillatcd and appears 

red 

Recent!} 1he pathological feature of c 'a11dtcla oe,ophngnis \\Crc charactenscd by Wilcox t'/ al 

t l<J2J I ·wu/11/a oc,ophag111s I the mlN common ti.111gal mtecuon in p,uienb \\ith AID·. pre cn11ng 

II) ,,%m to tan coloured pl,tquc-s I he individual plaque-, co,tlesced (blended) \,hen the disease 

presented more c,erel} Plaques extemled tO\\ards the gastrol'sorhagenl Junction 

Histological tests TC\Caled four, instead or the normal three la) er (basal, prickle, ti.mctional) or the 

oe ophageal epithelium 'Jhe ba al tzonc I) and parnbasal 01 prickle (zone 11) la)crs \\ere 

h) perplastic An ncanthotic la}er of maiurc quamou epithdium, mixed with lib11n. cellular dcbris 

and bactcr1n ,\a, \I 1hlc abo\e the paraha al la}cr 11.onc IIJ Vanahle numhc-r-. ofinllamrnatory cells, 

most!\ neutrophils. aje found III wnl', Ill and I\' I he ~upcrlicial zonc Ill and I\' aprea, to he 

,loughmg ()hedd111g) fn,rn the under! ing zone, Exten_i,c ,nliltration or< ·a11d1cl<1 h,ph.ic and 

filamentous bactenn are\, 1hll' 111 the .,1oughmg tr, uc II) phac rarely e,tc-nded 11110 wne II 

1.8. Tm: u :rK,\t:MI ,\ PA'f'IE~T 

I c-uL1cm1a i~ a h,1c-matologil'O! mahgnanc, \,1th de\a,tatmg direct and indncct c-tlccts on the atlhcted 

h<1d\ \cuk lcukuernia b cla,,,ticd a~ acutt• I\ mrhoc\llc leul-,1e111ia (AI.Ll or acute n:yelocytic 

lc-ukaerma Jhi d,1, 11ic11tion L b.1. ed on the ~111d of haemopo,etic cell that he-corm· .. malignant 

\ \11. h.1 a \\Or c prognosr~ than \I.I . and the n"ocm1c-d rnamfcstnuon, ,lie mud1 nwr,· C\l're 
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I I QJ) Leukaemia cdl- c,111 111vade alrno,1 all 1he ti,sues of the body, \\ ith serious sequelae. cg 

1masinn of ht'lle causes i.c,e1e pain in d1ild1en \\ith ,\LL Health\ haemopoictic cells can be 

complete!\· repl,tecd b, .:ancer cdb, due to the i:.~t leukaemia cell turnmer This rc:.ults in an 

impaired immune sy tern 

J. 1111 leul-.aemia trc,llrncnt cause tu rt her immun,: suppres~1on ( 11)4 J I reatmcnt focuse~ on the 

t rad1cation of leukaemia cells ( fable 2) and usually consists of a comhinat1on of drugs (9 I, 195. 

I%) These drug protocol~ arc aggressive and lead to severe 1mrnunm,uppression Some drugs have 

1:11fa, ourable ~idc-etlcct~ n able 3 ). such as nausea and vomiting 

Recent cytotoxic protocols (91) result in more se,erc bone marrow suppression, longer periods of 

ncutr"pe111a and side cttech arc usual!, , isible \\ 11hin da,s of the commencement of therapy ( 198. 

199, 21'0 20 1, 202. 20,) :,.,;e\\ tht.:rapic~ rncrea,ed thl• nurnher ot'leukac1ma sun1,ors Patients in 

remrss1on arc monitored caretiJII, to ensure that relapses are diagnosed early Certain patients can 

undergo bone-ma11m, tran,plantation (B\I I'), \\ith a good chance of complete remission 

!\fore than 60° o of all leukaemia patients eventual!~ de, clop oral complications during the course of 

therr di~ease The rncide:1ce of complications arc higher in patients with pre-existing, loi\•grade or 

,IS\ mptomatic infections 

Oral complications include painful enlargement of gingiva due to the invasion of oral tissue by 

leukaemia cells. g1ng1, al ulceratJon. mfocuon, and ah colar bone and periodontal descruction 

Peted11al hlecd, '!> occur J~ a 1esult of depletion or platdets in hlch)d ( I 96, 197) l lccration occur 

\\hen c,totoxic drugs inhibit all cell\ ha,ing a high curnmer, including oral ep11hclial cell~. leadrng to 

thinnmg ol the barrier \luco~itis and ulceration of oral 1,1ucosa are visible \\ ithin hours atler drug 

administr1tion Ulceration usual!} Stllns as di~crete lesions and occurs more commonly on the non­

keratimscd surfaces of the mouth (buccal mucosa. ,oft palate etc ) ( I Q8) 
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l11blt 2. Antileul..armia dru~s nnd it\ 111ed1an i~111, of 1ction. 

Classification 

Antimctabolitcs 

Alcylating agents 

'atural products 

I llormonc:. 

(Adrenoconicosteroids) 

D:illl from Bachur ( 199) 

kthotrcxatc 

C)lorabin~ 

arahinocidc 

fhioguani11e 

5-fluoro BC} I 

\'mcnstinc. 

,1nblastme 

1.-asparngmase 

Prcdnisonc 

~lode of action 

Fohc acid antagoni~t. inh1b11ing the action off' lli- u.-ductase 

The re ult is inhib111on ofnucicic acid ~ynthcsis 

pynm1dinc analogue, mtcrfenng with the synth,. is of 

pyrimidine, and therefore mllib1ts DXA-S)nthesis 

Punnc analogue. mterfenng ,,ith punnc s ·nthes1s, and 

therefore inhibiting D~A-svnthesis 

Form bonds ,·.1th D\iA, re,ultmg in pre,ention of replication 

Inhibits mitosis h) 111tcrrup11ng the spindle apparatus 

timitmg the essen11al ammo acid that is a,ailable to cancer 

cells, leading to stal'at1on and cell death 

Unknown acuon 
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Table J. Antileul..?mia dru~s and their sidr-rtTects on the hod). 

DRl G 

:\kthotn:,:uc 

(~tarabmc 

Prcdmsom: 

lluoguamne 

\11to,:u1tronc 

Adnam~cm 

\'incnstrnc 

Daunornb1cm 

'ilDLHH.CIS 

Bonc mamm supprc,,1011. ukcrat1011 of ga,tromt.:~1111.11 tr.1ct. renal furlur~ 

Naus..:a. , 01111t1ng, bone marro\\ supprcs,1011 

I hpcrtcns1011. d1ab,;1c,, mcrcascJ susccpt1h1lltJ to 111fect1011. o~t1.:oporos1s 

Slight bonc maro\\ supprcs~1un. but gcncrnll~ \\Cll tolc.:ratcd 

Alopcc1a. :;hght mucos1u~. bone 11111rro\\ ,upprcs~1011 

Sc,crc ulccrau,c ~tomauu~ 

!\.lusclc \\cakncss. alopcc1a. U',ualh no oral ukcrauon 

St1.>mat1t1,. bon.: marro,, upprc,,mn. car1.hotox1c1t, 

Xero~tomia occurs in aL11U! h'11kal!1111t1 pauents ,,ho recetH! irradiation ('.!OOJ, because this treatment 

affects the ,aha') glands. leading to impaired saliva ~ecreuon The normal t•.movcr of the oral 

epithelial celb is also inhibited b) radiotherapy, resulting in the thmmng of the mucosa! layer, as \\ell 

11s ulceration rhe decrea,cd llo\\ of ),ah\.a \\ ith its antimicrobial substances such as lactoferrin. 

l, sosyme and immunoglobulin. create~ an mer eased microbial load m the oral ca-. 11, and, therefore, 

an increased risk to de,elop mlcction CU I 202, 201 l 

An) infection present in an acute leukaemia patient on chemotherapy ts regarded as a medical 

emergency It is therefore essential that these patients arc carefully monitored during chl!mc,therapy 

and that antimicrobial drugs are administered prophylac11cally ( 204) 

.-\bout 1111~ percent of all oral infections in leukaemia patient~ arc caused by <'wuJ1J<1, cspcciallv C 

a/h1u111, (202, 203) sually candido~b present~ chnicull\ as acute pscudomembranous or 

crythematous cancidosis, ,, 1th 50 - @ 0 o of cancer patients manilhting ,.,.ith orophal) ngeal 

candidosb during. the cou1sc of the di~easc (205) 1111:idcnts ot'Nal cand1do,i, arc rel tt·d to periods 
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of ncu .. opcni.1. cspec1dlh \\ hen m·u1roph1I cell LOUnh drop to lcs, than (;00 mm Other ri L factors 

a1t.• prolong\•d ho p11al ,ta, ,.nd pcml11, oflong-l.1s1mg ihcr 

It ,s alread) e,tabhshed that backrial oral inli:ction, can precede S}~tcnuc d1,casc C::!06) ,\!though 

no definite c, 1dence cx15b that oral cand1do:.1s leads to ~) :.tcmic infection, De Grcgorw e1 al ( 207) 

dcmon,trated that oropharyngcal candidosi, usually preceded :.)'stemk cand1do,i~ 111 a group of 

pauenh Another studv :.ho\,ed that gcnet,call\ identical C alh,wm isolate:- were responsible for 

oral cand1do,is and di"c111111ateu candido,1s in at least one patient (:!OS) 

the need for prophylactic measures to p1eH:nt oral mledion:. ha,e long been ack1 O\\lcdged (209, 

\nt1m11.:rohial rinse, ( ( hlornhe,idinc. :--, ,tatm). a~ ,, ell as topical and :,y :.temic 

1mtifungal drug, ( tluct na,.olc. n~ ,ta:111) ,cem Ill he rclath eh ,uccc,,ful to minuni,c the incidence of 

S~stcrmc candido,is (infected li,cr. kidney, ,plccn, lungs) remain, a serious complication in cancer 

patient;-. I 7, <l, 17) The de, elopment of :.y temic candidos1s might be associatld with specific: 

antileukemic protocols u,~d to treat patient~ 111 a study by BO\\ l'f al (91) it \\a:, ,ho,\n that the <,O• 

called protocol ~ \ 11 -S7 ( high cto e~ of AraC ,ind etopv,idc. follO\\Cd b) daunnrubicm) in.:reascd the 

incidence of , tcmic c:and1dosh 

In ~pite of impH1,ed detect1011 method for s,tcmk camhdo 1s. It r..-:mains d1tlicult w diagnose (213. 

:! I '-I. 215) Cult,ncs (blood, organ biopsies) arc frequent I\ ncga1i, e ( 216. 217). S\mptt.ms arc non­

:.pccitk nnd often masked b) ~· ert bactercmia (218,219) ;\1ost case:. of :,ystcmic candidosis arc 

identified onl) atier death (220.::!20,221. 2::!3) Piao t'I al (222) predicted that 33°0 of leukaemia 

patient, \\ ho do not r~~pond to antibmtic therap and remains febrile. probabl) "ould have a 

s,,tcmic fungal mfec!IOn (either b\' ,-111•0-;::l/11, 11r c·.111t11da1 ,\dd11innall), Antilla l'f al. (214) and 

I .ilhot l'I. ul ( 223 l ,ugge,ted that ,, ,tem1l' tlmgal infoct1on ,hould bi.: suspected in neutropcnic, 

febrile patic11h \,ho ha,e ele\"atcd C-reacti,c protein and a1,1b11111ol le,els m the blood. and present 
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fcH!r 1ha1 1, unrespo:isi\ e 10 a, 11b10tics In spite ors, ,temic therap) more than 50° o of patients 

usu all) die as n re,ult of thi- infection (: 17- 2 I CJ. 222. 224) 

Oral and 'iYStenuc ca11..:,..:os1s are maJor problems for the leukaemia patient a~ well as the clinician~ 

\\hO treat thc~e pdtients \1mb1ditv and mortaht, associated ,,ith tl11s oppott mbtic d1~ease rem.am 

high 

1.9. nn: AiM OF Tift:; STl'DY 

!he aim of thi, ~tud) \\d~ to im c,11gall.' the ellect of chcmotherap, and antifungal proph) taxis on the 

phenot,pical and gemll\p1cal properties of oral C 'amhda from acute leuka::rma patients fhese 

results \\Cte correlated \\ 1th the clinical mamfc~tation of oral cancidoMs during immuncsuppress1on 
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CJf.\Pl'ER I\\ 0 . ,\fAl l: RJALS ,\ 1\ 'D \JETH DS. 

2.1. S,UIPLF GR(}llp 

h1.em,-mne acute leul:acmia p:i11cm \I.ere :.cen at Iygc:bcrg Ho pllal, Cape Tov.11, South Africa 

f.om August 1994 10 \ rnl 199(, fhe-,c patients \Crc , "':> diagnosed or relapsed cases of 

leukaemia Tno pat,em additional!) \\ere •r,:arcd ror dmli.re mellitus and cirrho!:s of the liver 

,c pe<d,elJ Pa";cipants enrcred the tud1 befoce o, ,oon •flcr !he ;n,r;aaon of ehemothernp, 

I hen,p, fr acute mi el0CJ1'< leul,em;. l"t""" on,;srru of C) t.,.b;n, arnbinoade c, ad· oam, c,n m 

combinat in "-ith daunorub,cin, \1ncnstrnc 01 idarub1crn Acute l)mphoblasuc leukaemia 'latiems 

recei, eel C) tarabrnc arahnocrdc 111 =or.1bintmn "1th vmcnsrme, VP 16-epipoxiphyl,otoxin or 
daunorub . ..:111 

1~c patoems «ce;,ed mcth,<p,edm oloae (an ana•mflammar<H) agenr) fo, ,mmuno uppressfon. a., 

",;J as a 'lopum,ol to drm,msh rhc o, """"'""'"" of uric ac;d The pat;.,,., "'"""' am;b;ot<cs and 

'}Slcnuc ke1ocona?.ole proph,!a(."lfcalh Betadrnc oral nn:,es \\Cre US.!d b) patient~ \\ho v.ere 

susr>ectl'd ro uftcr from rnfocr,ou:, compl1ca11ons I op1c.,f anrifungal dn:gs I nrnphoth~ricrn B 

luzeng,s) "'" ndm,m>1c,<'U to ""' paroents ""h ocal c.nJ;d,.,;,_ and "'"""' to trnar o,,J 

ulce,at;oa, of, nal ongm , II,·, p,•, ""'"'"' One paroenr '"""d ,, "'""' ,mphoth,,;dn 8, ;nsrcad 

ot'ketocona" ile 11\0 pa11en1s did lil'I receh e any an•ifimgal pr.iphylaxis 

rnn;,., « aoroh,a Uo,r .md >,nrpUng, Pa""'" "'" ualroar,d "•,:, el•cr.,a,;" ""'· ""P' "h'~ 

th,1 '"'" nor ho,p,ral"ol D,ring ca,h , ;,;._ the m,,hc,I ,tr.rn, of r he p,r;,m "" notcJ. <adod;,,g 

the P'< """ o, ab"n« of ,,, "• the p, Nncc of oral ca ,0,do," anJ othc, ornl b,on, O,al 

"nd; Uo '" " a, ,c po n ed " I' sendmac m I"'""",. en r hem,r "" , . "" "d r><udomem b ''""'" and 

e,:,•r k ma: ou, c.r od •rt•"" an go la, d,e.,r, " a nJ '" ,bo '""""' ~ lo"" ; s I I ,rem: ,r olo g,cal """ It , '"" 
obt!lrnuJ frcm huspita1 ,ecorus 
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Smear, \\ere ,,htainc,1 from thl' po~tcrior dor~urn of the 1ong111: ,tnd the palate ol' each patient. by 

~c1aprng the rc,pccti\C~ ,urta~c, \\ith a \Hmden spatula lhc,e me.tr, \\Crc fixed on slide~ \1,ith a 

cytological ti,ati,c In ca,es of' suspected oral c,rnd1dosis, the inthted area \\a~ aiso swabbeJ with a 

stcrik• cotton :mab An 01al rinse wa~ obtained from each patient, by ie11ing the patient rinse for one 

minute I\ ith 'i ml or pho:;phate-buttered saline ( PBS) 

2.2. PROCESSl~G OF THE SAMPLES 

2.2.1. ~licro~copiral ill\ rstigation :;f smears 

All smears ',\ere stained ,11h the pcnodic acid Schiff method ( PAS) and e,amrned microscopically 

(•W, mal!niticatron) for the presence ofh}phae and spores 

2.2.2. Oral Cuntlitla isolation 

The oral nn,c, \\ere ,oncxed and 200 µI of each nnse \\B~ plated onto Sabouraud dc:-.trosc agar 

plates ((hoid) by sprca(fing the liquid mer the .urfacc of each plate \\ith a sterill' glass rod 

Chrorn·,gemc media, i c Chromagar < 'w11hd.1 (~last diagnm:ic~) plate~ and Pagano-1.e\in plates 

(Ditco), v.erc abo inoculated \\ith 200µ1 of rinse to ensure the dctetti(,n of multiple ,pecics of 

C 'a11J1da (225 . 226, 227) Ouring the COLJr\e of the study it \\as found that rinses from patients 

presenting dinic:.11}' ~ith candrdo~is yielded i.:onflucnt gw,qh of Camlida on all the plates r he 

rinses from these pti,·nb \\ere therefore diluted and 200 µI alrquots or the 10-2 and I 0... dilutions 

\\ere plated onto media 

l!:e plates ,,ere incubated aerobically ai J?°(' .tnd asscs-,ed for the prc~cncc of }'Cast colonies ::~'-' .! 

• J ctavs 0f incubatton < 'anduh colo.iies \\t're counted on Sahouraud Oe,trose agar plates and 

1q10rtcd as wlonv-fom1ing unih per 111illilit11· (cfu ml) of rinse 
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2.J. TIIE PHENOTYPIC CHARACTFRISATION OF CANfJIDA ISOLATES. 

Colony morpholog) on plates, as wr:11 as colony colours on the differential media were noted (Tables 

4 and 5) Smgle colonies of d1flerent colour were selected on Chromagar and streaked onto 

Sitbouraud dextrose agar-plates to obtain pure cultures fhese J..ldtes were incubated for 48 hours at 

37 "C Colonies from these pure cultures were subsequently frozen in the Microbank System 

(Mycoplasma International ) at -86 'C rhe pure cultures v.ere also used for 1Jcntificat1on of the 

isolates 

Table 4. Colony characteristics of Cant/it/a isolates. 

Colour on Sabouraud Dextrose Agar 

Colour on Pagano-Levin agar 

White. light cream. or dark cream colonies 

Pale pink. dark pink. or orange 

Texture Smooth, rough. or dry 

Colon:) borders Smooth. \\1rnkled, rough, or mycehal 

Table 5 Colour of yeast isolates on Chromagar 

--
SPEClES CO! OUR OF COLONIES ON CHROMAGAR 

--
C a/lnc.111, Ureen 

( · 1Jluhra1a Dark pmk pale edges 

(' kn/\1'1 Pale pink 

( '. parap.\1/o.\/, White to pale pink 

( ·. 1rop1wlr1 Blue to grey 

('. k1!_frr Pink 10 purple 
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----------------------------------------------

2A. 

fh~ germ lllhe te~t \\ .1s dont: ,1cco1 ding 11, the method dl•r .nticd In Buc~ll-,· (',: I Ii, e-hund1 cd 

mH:rnlitr~, of human ,crum 11as rnoculatcd \\Ith a sm,~iJ fraui1111 of a ( ·allllida colony and incubated 

at l7"C ,, ner : to , hour, of rnc11b,tt1on, a drop of the ,erum \\a-, e,amined at 40 time,' 

magnrlication under the lrght m1cro,copc lhe pre,cnce or germ ,uhc~ 1den11ficd the isolate a, ( · 

c1/h1i ""' 

I igllll' l C,e, Ill tubes or (. ulhlCa/1\ 

2.5. nm OISK-DIF!-l SiO~ \lF.TIIOU FOR TH[ IDE"ffJFICATION OF 

, L\STS. 

l'hc di,~-drtli.1,ion methud 111' \ob~,a~ '~28 ::•Jt i, h,tscd nn the ab1l11, nf cena111 cl:cmrcal d)cs to 

rnhihit gtlll\lh nl' r ·u·1d1d,1 '/'!' l·,1d1 spl·cic, c,hibrt, ~ d1,tinct p.tttcrn 111' ,ensiti,11, to thc,c 

d1emicab I h~· (h c, ,ti l' 1mp11:gn,ttld unto c, dis~, l'ach conta1n111g onl' of the foll1m ing I 'iUµg of 
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JJnu, grl'l'II ;~ •11g nf l'lh1d111111 I• 11111,dc I <;iJu~ uJ 2 ; ~ 1nphcll\ltc1ran1lrumchloll(.ll-_ 'ug of 

hr 11l1u1ll grl'l.'11, I '1tg 1>1 , \l'llllic,11 ::,k· <'r l•l1ug 111' r hod,111111w (,(1 

\ hard, turbid ,al11w /'\,,Cl. 0 ~'"o \\, 1 su,pcns1011 \\<1< prepared \\llh ,1 fiactron 01',1 \l'a,1 colom 

I ht• hqu1d 1\oh 'fl' t".HI mer the ,w foe(' or 11 S 1bour am! dcx1ro,c Hgar plate I\ ith .i stcrrlc S\\.tb I he 

rcspt'Cll\c d1,~, 11t•rc pl,1..::cu t111111 1hc 1110culu111 in a ,pccilir numr:rirnl order • hg '-1) J>la1e~ I\Crc 

111rnba1ed ,It 17 C ll)r I() to •H! hours !he prc,c11rc or absence or a ✓one or 111h1bition around each 

J,si.. \\ c1 c r crnrded bol,11cs I\Cr c clas~ifieu a, sen,it 11 t• or I c,1stant to t\tch ch c. dcpcndrng on the 

mea,1111:d 10111: 11!' inhih1t1nn ldcntilica1111n code, \\t·rc a"1gncd 10 t'al'i1 1,01,ttc .iccording 111 the 

method 111' S11bu.,1i.. ( 2281 

4 1 
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Tahir 6, Rrferrnrt• Coclr, of thr di,t- di1Ti"in11 mrthod to idrntir~ C1111did11. 

( • i:,"1hru1, 

(It 1() It I 

J.2\1-~llh 

I 0111111,11 

0200,0 

riv1irr ~. C1111t!it!a i~olatc, on Chro111ag:ir C11111/irl11. r< 11/h1ca111 green. (' g/uhrara smooth. :m1k. C 

i..n11,•1 tl.11. Jr, 111111.. ( trnr•1u,l1, blu~g,.:..:11) 
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------------- ---- ----

2.6. Im: 11)1, I IFl("A'l 10' o r C,\ "'II)\\\ 11 ti \l \. \ '\0( , n \\IS 

l lll' i\PI 20(' and ID t:!C ,,,trn" (Bio :\1cricll\. \1arC\ l.'cto1lc, I rancL'I \\Cl\.' u~ed to dctcrn1111c 

,almc .md a fraction of a e,l'it colony One hundred microhtrL's of this suspension ,,ere used to 

1111h:ulate an amp(lulc or prcpar('d API 20(' suspensiol' medium The 19 cupulcs. each "ith a 

d1tlercnt ,uga1. on the \ Pl ,tnp \\ere inoculated a, dc,cribed Ii~ the manufacturers and 1m.:ubated 111 

a moist chambc1 at i7 C Rc,ulh ,,c1c read afic1 2•l hours 4X hours und 72 hours llllbrd grO\\th, 

equal to or morL' than the p<h1ti,c contwl, ,,a, re~ardcd a, ,1 p1isiti,c rc,ult ,\n idcnutication code, 

ba,ed on thl' sugar :i-s1111ilatton pattern, of ead1 ,pc.::1c, ,,,1 assigned Ill each isolate rhc isolate~ 

,1c1c identified accordmg to the \Pl rcl~rencc tubl,•s 

2.7. BIOT\'Pl:'1-G 01· f(,Ol ATES \\ 1111 T HF- API 20( s, 'i I E:\1 

,\ bint\JK' ,1as a,s1gncd to each i,olatc ot'C ulh1rnm nccordmg to the method of\\~lliamson l' f al 

(:!JO) (Table 7) 

\,....._· 

·• . 
--- --

•• I 

1-'iAurr o. \u,anOAntm of ( 11/h1rn111 
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Table 7. Biotypes of C. a/birnm according to API 20C profiles 

Assimilation of sugar in wells 

BIOT\PE "3 5 6 7 8 11 12 13 17 18 Io ' 
+ + .,. + + 

2 + + + + + 

3 .. I- + -t + + 

4 + + + + + + 

5 + + + + + 

6 + I- + + f + 

7 + + + + t + 

8 + + + + + + 

9 I- + + -1- + 

10 + + + + .. + I-

11 + ;- + .. + I-

12 + + .. .. + + ~ + 

13 + I- t- + 

Talilc adopLed from W1lham;on l!I al ( 16) 
*3 - gl~cerol: 5 - L-arabinose. 6 - x:ylosc. 7 - adomLol x - ,, htol , l l - sorbnol. 
l 2- mcth~ I-D-gluco~1de. 11 • Nac~t) I-D-glucos.1111111~ 17-su.:ro,.:. 18 - trchalosc. 
19 - rnele111ose 
+pos111, c . - ncgaU\C 

2.8. DNA ANALYSIS OF C AUJIC4NS lSOL.\l ES. 

2.8.1. Culturing a11d purification of bacteriophage Lambda ( .13 

hchen chia cob U ,JI)] was used as the host for the 1plification of lambda bacteriophage C'aJ 

44 

Stellenbosch University https://scholar.sun.ac.za



1 hi, hvhnd phage rnntai1h a fragment of D'.\A from (' a/h1u111, 3153,\ I 42, 41. 44) A CaJ probe 

\,a, prepared hy r.indom priming \\ith raJiolabelcd dcll',ycytmme tnphosphatcs (dCI P) nnd \\as 

applied to anal\ ,c the gene111.: rdatedne" nf drnkalh i,olated C al/i1u111, ,tram, Probe Ca3 

In brid1scs 10 ,tppru,imatcl~ 15 to 25 bands of DN \ restricted \\ith EcoR I (2, I) 

Phage ~tock solutions of high titre \\ere prepared as described bv 5ambrook t!I al. ('.!32) A 

modifica11on of the meth,.1d of \fanliolelli and Schneider (::!JJ) was used 10 obtain pure DI\/A from 

bacteriophage lysatcs 

2.8.2. Preparalion of the bactrrial hosl 

I~" i,,•ndua col, LE.N::! \\as grm, n o, crnight. at 17'C, in I 0ml of Lw ia-lkrt.1111 hroth ( Sigma), 

cont11ining O 2~o maho,e and lOm\1 \1.!,l.iO, One 1mllrtre of the O\ernight culture was used to 

inoculate 50ml of Luria-Bcnani broth (LB broth) supplemented "1th O 2% maltose and ~1gSO, 

( I he presence of maltose ,timulates the for mat ion of a maltose receptor molecule on Lcolt cells, by 

\\ hich hacteriophage part ides at1al!1 to the bacteria) The culture was incubated at 3 T'C until the 

culture reacheJ an optical density of O 5 (i e is approximate!} 2 5 , I 08 cclls,ml) at 600nm fhc 

bacterial cell-. "ere pelleted by centrifugation, for 20 minutes at .1 OOOg in a UecJ.;man centritlige 

(\lode! J'.l-6) I he supernatant \\ii~ discarded and the pellet re~uspendecl in O O I \I \11.!501 The 

bacterial cell conc~ntration of the suspension ~hould pretcrrably be appro,imatcly 8, Io· cells ml 

2.8.3. Prep:iration of phage ~tocks of hi~h titre. 

Approximately 10• plaque-forming units (pfu). ofa plaque stod. solution in SM bufter (0 IM aCI. 

8m\1 \t~so~ 71110. l0m~1 Tris-llCI (pll 7 5). l~o gelatin) '"ere added to 100µ1 of the bacterial 

suspension in a sterile tuhe The :,olution was mi,ecl and incuhated for 15 mmutes nt 37 f alkming 

the attachment of the phage to the host celb fhrce m11lili1re~ of molten 0, 7~ o agarose, prepared in 

LB I th, \\ere added to the solution The agaw,,: .. a~ rniwd ,md in1medi'.1tel\· poured onto a plate 
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of LB-agar (Sigma) All plates were incubated in an imcrted po~Jtwn at 17"(' until l)sis occurred 

I lar\csting of the pt>age \\ as done by pl.luring lrnl c._if S~I ,oluuon the agar :,urfacc The liquid. 

\\h1ch :.:ontaincd th,: phage. \\as har-ested ,,ith a ,terih: Pa,t:ur pipl'th.' afier 1 to 4 hour~ of 

incuhat10n at 4"(' 1\ drop of chlorofrirm \\as added to the hant'st and cclluLr deh :, removed b} 

ccntnfusation at 5 o0O re, olwions per minlll"' (rpm) The phage ~ohJ11c,_111 conta111mg approximate!) 

h. I o''·11 phage r.1n1cles, was stored at ,.f'(' in the presence of a fc\\ drops of chloroform, which 

mh1b1ted bactcnal gro\, 1!1 in the stock solution 

1.8.4. Preparation of bacteriophage lysates from LB broth 

Approxim.1tely I ox-in pfu of the phage stock solution.. '-00µ1 of SM. as well as approximately I ow of 

bacterial cells were added together. nll''(Cd ,,ell and incubated for 15 - 2U minutes at 37"l : his 

mixture v,as 1dded to 100ml of r,re\Htrmed LB broth. Cl.lntaining 0 5\1 CaCI, The cell, ,,ere 

incubated in a s:1aki"g watcrbath at 37 C. until lpt~ occurred (4 - 7 hours) Two millilitres of 

chloroform ,, as added to the lysate and the broth incubated for a fun her 15 minutes at 3 7"C The 

lysate \\as centrifuged at 5000 rpm and the supernatant tr,msferred 10 clean Sorvall centrifuge tubes. 

A.n equal \.olume ofa solution, containing 2U0 o (\\Iv) polyethylene glycol (PELi 8000) and :::l\t NaCl, 

was added to the lysate and the solution incubated at 4"C for 16 hours to precipitate the phage 

panicles (The presence of :--:aCI promoted tllL dissociation of bacteriophage particles from bactenal 

debris) The phage panrcles \\CIC pl:lleted ti\ centrifugation at 14 000 rpm in a Sorvall centrifuge 

(:\fodd RC'-'i) for 30 nunutc:. fhe supernatant fract10n \\as discarded and all of the remaining liquid 

emo,cd from the pellet w.ith a pipette J"he prec1pitat.; '·'- :is resuspended in 15 ml of S1\1 buffer, 

contai 1ing 2 "ia( 1 Twent\. micr, 1grams uf DNase I was added a ,d the suspension incubated at 

roor temper aturc for 30 nut cs Thereafter the solution was centrifuged at 7 500 rpm, for I 0 

minutes and the ~ Jematan translerred to a clean tube 
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,\n aliquot of 2,;:; pl of 11 0 3°o gelatine. 0 l 0 o sodium uide solution \\3, acll!ed lo the phage 

su~pens1on. folllmed hv an equal \Olume of a 75°0 DE,\E cclluh,c (OE-52) ,lur1:, \\hich was 

prepared in LR tirorh J'his ri,.,ture \\as rotated at room temperature for JO minute, to allo\\ the 

pol)amon:- 111 the !)~ate to bind 10 the anion-exchanger (OE-52) lhe slur!}' \\U<, ,pun dm,11 t\,ice. at 

1::-000 rpm. re for 10 minutes and the ,upernatant \,as retained 

l)i~odium cth)lcnediaminctetra-acct::tc (ED I A I and p: oteina,e K \\ ere added to final concentration, 

of '.!0m\1 and 50µg/ml re,pccll\ ~ly, and the 1111,tun! inculMed at 45T for 20 minutes to disrupt the 

phage and digest proteins Cet)ltriammoniumbromide (C'l,\B) v.a, added to a corcentration of 

0 1°0 from a 5% CTAB. 0 5% NaCl solution, and incubated at 68-C for 6 minutes The lysate v. 

cooled on ice for JO minutes and then spun do\,n for IO minutes. at 15 000 rpm The resulting pellet 

ofD:--=A, bound to the cationic CTAB. v.a~ resuspended in Jml ofNaCI (I 2!\IJ and 

precipitated \\1th : 5 ,oli:mes of cold ethanol (100°01 The D:--=A, \\hich ,,a!', 110\\ bound to t\a, 

v.as left at -70 C for JO minute,. and then pcllel~d PY centrifugation lll IO 000 rpm, for IO minutes 

All ,alts v.ere rennl\ed from the n-..:A ,,,th 70°0 ethanol, then:-,:,\ ,,as .ur-dned and d1s,ohed in 

'.!'i0µI of TE (pH Q.J ()uantitation of DNA \\a~ done spcctrophotometrically 

2.8.5. Prepara1io11 of 1he radiolabeled probe 

The undigested o:-.:A isolated from the bactenophagcs was radiolabeled \\ ith c/1'l-dCTP b} random 

priming ,,ith the Prime-It R\1T labelling kit (Stratagenc) according to the manufacturer's 

in,tructions Water and '.!5 to 50 ng of D'\; \ ,,ere added together to a final \Olume of 42 µI in a 

1111crolir~e tube The o;,-:A \\a, dcnaiured b\ hc:111ng at I OU C for 5 minute, Fi\ e m1crolitrcs of 

r?diolabeled dCTP and J µI of D~A polvmera~e (•IL/µI) \\ere added to the reaction tube The 

solution was mi\cd \\:~II and incubated for an hour at J7 'C The labelling reaction v.as stopped \\ith 

the addition of: pl of the P1 i:;1e-lt stop ,olution L.iheled prohe ,,ere desalted by centritugation 
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- • • .. • - .. • •• - .. - - .. \) .. - ., •"''tp ~- - rfJ • - . 

thr"'Ul'h n ~epha:lcx G'i ~pm column 1211) Ilic p,mfied probe ~,a tnrcd fro7en I -2 ( and 

u~ r "''"'" I\H eek~ 111i1>r th1~ prcparnt1on thereof 

:?.11.6, I h i•olatio11 of~t §1 U:'i \ f1'tlm holate t>fC.: nlhi um. 

P:'\ \\ nrep .. red fr-,m C alh1cmn b) a mod,filallo, of the method de cnbed b, Scherer and 

t~\c:1 14~) fwent, nulhhrrcs of en I cxtra.:t-peptone-dcxtro c (YPD) broth \\Crc inoculated \\Ith 

a colon\ of u!h1Lw1 and mcubared mern1gh1 at 17 C' in a hakmg \\aterbath Ilic cell \\Crt' 

pcllered h,1cc b c~ntrifugauon at 'i 000 rpm for 'i mmute and "a hed \\1th 3ml of a cold buffer 

cont .. ining 2'i mM Tn chlonde and SOm\1 F.Dl A (plf ) fhe cell \\ere \\C1ghed and resu pended 

in a butler contauun • I .i ml of a 25mM Tnschlonde 50m \ I f Dr soluuon per gram of\\ et } ea 1 

ne.a-mercaptocthanol \\Its addca 10 the u pen or to a final ,otumc of 17 'iµI per gram of "Cl cell 

\\ater ,,as ddeJ to the u per 10n. t.:> a final ,olun c c,f J 5ml fh1 .u pen ,on "a mcubated for 

20 rmnute 11 3 C to remO\t' the outer mann,n la,er of the \CaM cell wall 

1 h cc'' \\e~e pelleted ard ,~,en resu~pe:ide.i in 1ml of a olutron contain 11~ I \1 sorbuol (tor 

o 01011, balance) ·cm\! pot,i-,11101 pho ph.,rc 1pll 7 ,;, 1°0 B-mcrcai. cihano1 and SO m~f 

HH \ 1 h,•, ea I cell 11 pen 10n \\a rnrnbated "' ~O C ,n the prc,.ence ot IOOpg ot a P-glucanasc 

(Zymol\a c 2n I l I h1:. e11')1llt: d1gc,1 rhe cell \\all and leads w 1h1.: ormataon of sphercbla 1 

~phcrob' ~st foni•11tmn ",a monnorc. add mg I OµI of the )Ca t ,-u pen 10n 10 90pl oi \\ arer 

clear oh.: . ., • •nd1c:itl'<l that 11,c ,onr •d phc:ohlast \\ ere 1, ed m the ab en c of an o mo tic buffer 

( ell_ \\ en p ~I. led \1 hen 9~ c of ,~11, formed <.phcrnbla t , b) ccntnfugauon at " 000 rpm for 5 

nunut<', {lkdrn1.1n ccn111ti1,.;c) the pellet \\a rc,u p1..nd~d in 1ml of TE (pH 8), follo\\Cd bv tht• 

add1twn ol' WO id uf lo, concrn1r,11cd Protcma c K bulfor 10.1 ~f l ri.chlo11de O.O,\f I OT\ dnd 

~
0

o s,J", ) nm.I ''iOµI ofp,otein. "K ,· J mg.mil lhl t,•atc \\3 mcubatec1 for 16 ro iX huur at 

4'- C to C•e p1ot m~ The cnrnliigallon lcp ,,as not done 11 h I of phl•robla I o curred 
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• . . . . . . . 
• • • , • • I 

J • 

bl.'C.iuse 11 1s d1fiicuh to rcsuspend the hsed mixture of cells and 1):-,:A alicr ccntnlugdlion In these 

cas1., the l'rnte11111st' t-,'. buffer and f>ro1e111.ise K "CH! added direct!\ 10 the l\sed mixture 

l'rotl'1n dcbns ,,ere remoh·d h, ,1 plwnol l'\tract1on ,ls dcscrrbed b\ ",,1mbronl,,. ct al 12121 An 

cqu:il \olume of.1 phcnol-d1loroform-1so.umlalcohol 12c; :'.:4 I.\ \ ') ~olutron ,,.i, added to thr Dl\A 

rnixturl' and mixed unul 1111 t•mul,l()n lc1r111cJ I he organrc and aqueous pha~c:. \\CrL' ,l'paratcd hy 

Ct·ntnfu,ll,ttion 111 J 000 rpm for JO minutes fhe aqueous 1.i,er \\as transferred to a clean tube and 

mixed \\ uh an equal \ olllllll.' of chloroti,1111-isuarn) !alcohol ( 24 I) lo rernoH.' trace, or plwnol ,\0cr 

ccntnfuga11on for 20 minutes at 3 000 rpm the aqueou~ la,er v.as translerred to a clean tube and 

sot.hum acc·iatc ( 1\1, pl I 5 2) 1,11~ added 111 .i final conc..:ntrmion e,f O, \I rut· DNA \\a~ 

prt•r1pi1a·cd b) the c1dd11ion of I ,olume ,~oprop,11101. ~pooled around ll gl:u rod and \\asfit•d once 

,,uh an execs~ of70°o ethanol 10 remo,e i;afts from the D'\',-\ fhl· spooled D:-.A was air-dried and 

d1ssohed rn 500 111 of n , pl I 8 

Contamma11ng R, ,\ ,, as drgcstccl bv 1ncuba1111g the D'lA ~vlution m the presence of 2pl of 

pancrca11" R \JAa~e I ~mgtml) for 10 rnmutcs JI 17"C l'he l)\I A \\Us phenol extractl'tl .. nd ethanol 

precip11atcd a, dcsrnbed abO\c >\ftt'r 1,,0 ~ubsequent alcohol prec1pitntions to ensure that nil the 

1mpur111es ,,ere remo,ed, the D;\A \\as air-dncd and d,~,ol\ed in 200µ1 of n (pll 8) I he O A 

co11 .. entrnt10n ,,,h dett•m1111cd \\Ith a ,pecIrophotorne1cr. 11 described by amb,ook ct al 1232) 

2.8. 7. J) :\,• f in1?erpri11ti11c of C: 11/hic11m. 

SI\ rn11:rogr11il1~ of(' alht,w/\ D'\ \ "µI of l~coR I ( 121 pl) ,,ate, and 20i1I of mcubauon butler 

\\ere added together 10 :1 find; ,olumc ot'200pl I h15 mixture \\as in.: ,bared O\L'111igh1 at J7 C 'Jo 

a~scs it'Dl\'A ,amplcs \,ere complete!, d ~e,tcd, a 7itl aliquot ofcarh sample ,,us mixed ,,uh 3µ1 of 

loading hulfor (0 2"
0

o brornophenolhluc, I '"o 1-icoll 400) and loaded 01110 a small() 8°0 agarmt· gel 

(Scakcn1 l·\IC) Electrophorcscs ,,:h llCffonncd at 95\ for approximate!\' 120 rnmutes in I , 

l'oncenlratcd T1 i,chlnr1de-1.iunne- I DI \ ( I I I·) bull~r ( 891 Srn\l f'ri Cl , 2~Sm,\I tauri11c, ~ mM, 
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HJ I,\ pl I 8) I he gel "as ~111inl·d in e1hichumbro111idl~ (0 5µghil) and dige~ted DNA \lsuahscd \\Ith 

ultr1l\1ole1 light 

Sod rum 11cct.11c (pl I 5 2) \\ R!. added to a linal cunccntration of O 1 ~1 to the drgc~ted DNA ~olut1,111 

I \\l> \ olurnc, of 1cc-cu!d I 00° o ethanol \\Crc 11Cldcd und the D:\' precipllntcd h,~ o, crnibht 

mcuba11on 11 -20 ( (or for 30 1111nute~ at -~6'C) I he prcc1p11atc<l £>\!A \\ds pelleted h) 

cen1rrfug.111on at 15 oou rvm 1(1r rn II IIIUICS at 4 (' \flcr II \\8S \\fl,hel! in /lJ O uh;ir 1i till l)~A 

\\as air-drieJ and d1,sohed m loadrng buOcr. con11111ung \lnr1,cr 10 D:\i\ (Boehnmzer i\ian,1h :·n as 

the tntcrnal marker J'hc ,olume or loadrng hulfor \\flS determined b~ tnc rntcnsit) of 1h1:. st11in,-d 

DNA on the rninigel. and r,t11gcd from 10µ1 10 appmxirnatdy 2"iil or butler llus \I.BS done to 

ensure that equal conce11tra11ons orD:-.:A \\Crc loaded on the fingl'rprrnting gel 

D\l \ frn~ments \\ ere scpnrnll'd ma O 8° o ngarose gel h, gel-elcctrophorc~c • for 18 hour . at I , olt 

p<'r l'l'rtltmctre ( \ cm I 1-lectrophoreses \\ as ocrformed in h conccntr nted rr I: huller ( pl! 8) I h~· 

gel \\ds sta111ed tr cthidturnbronudc (0 'iJtg, µI) for iO nurwte~ nllm,1111.? the \rsual1sa11on or l>N \ 

hands \I.Ith uhrn\lolct hght 

2.8.8. lhe Southrrn h) hridisr,tion of the I>\'\ lo prohr Ca3. 

I he D'-A -fragment:; \\Crc ,1cnaturcd by tncubating the gel in 500ml ofO 4\1 "'lnO! I for 20 minutes 

\ I mute drop:. of lhc nrientatron m,trkers. cunta111mg denatured , • alh,wm ( 12 5Jt£., ul I and l\ !ar kcr ;: 

Dl\ \ t I 25µg. ml) \\ere appl,cd to the four LOrncrs of a n}lon membrane ( tlyborri ~+. Amcrsham) 

lhe gel \\BS ·.,a,hcd \\Ith \\atcr and 10 X '.iSl'I. buffer and the ();,..,\ fragrnc111:- transfcncd :o the 

11\lon membrane b, cap1llan blottrng u~ de:.-cnbeJ 111 Sambrook,., ul (112) 

D'.\A \\8 fixed to the mlun filter l" hnkmg lll 80'C for 2 hours rhcn.•atic.-1 it \\,IS rncubatl'd for at 

lea t 'l hours in thr h)bnd1sn11011 .)olut,on l"xSSl'I;, 'ixDcrrhanlt's reagent, 0 1u,? SOS, 5U~o 

for 11111111,de and salmon ,pl·rm D'\' \ I I OOJ1g/111l l I at n lt''l1pcrn1t:re o~ 41' C l'cn microlrtrc, 

50 

Stellenbosch University https://scholar.sun.ac.za



heating Ill I ()0 < fur -; lllllllllc, I he p10bc \\as oddcd tu "'O ml of h,b11d1•.a11on ~uluuon 

l:lvbmh,ation \\, s pl.'rformccl O\l'TTI,~! ,., 42 C The membrane ,,as mi11all) \\n~hcd 1,~1cc at roorn 

tcmpcrnturc 111 <;Oll ml ofa solution co11ta111ing 2xSSC tO i\l aCI, 0 01\I sodium citrate) and O 1°0 

,[), fi,r lO minutes I hcreaticr 11 \\dS ,,a hl'd l\,rce, 111 11 • unilar buffer. at 'i<;"C tor 30 m1mttcs 

cach 

lhe ti11c1 \\ii~ scaled 111 a clc,lll plastic hag and cxrnsed Ill nn x-ra) film fi,r 16-24 hours at • 70' C 

I he nutor.tc!iograph ,,11, dc,clopcd m t1 <l,.rl,; room h, 1111111ersing It m the dc,eloping ~,1lution for 3 

111111111c:.. the top S(•lu110n t , 0 o u.:ct1l 1H.1d l for :?O ,; ·c,mds and foang solu11on for I minute 

I hercatier 11 w11s \\ft hcd \\llh ,,atcr and le.i lo clr) 

2.R. "· """n•n11lioarth e l11hellinJ? of 1hr inlrrnul markrr l\ ith tht• r11h1rnce,t 

c:1rmilu111i11cscence ( ECI.) tJrlnlion ,y,tcm. 

f'he rndmnctl\ c prohc < 'n l \\OS stnppcd from each blot hy mcuh,11111g II for 20 m1m11cs 111 0 4 

\inOll 111 4'- C l·ach stnpped blot ,,a, \hlshcd m ncutrnhs111g buffer (0 2-..: C, 0 2vo ' DS. IOmM 

I rm hlondc pl I 8 J for I-; mi 1utcs 

I .ahclhng h, b1td1satmn uf lc1b1.lt•d \1Jrkt'r X and "~uahsauon of hands \\C1 I.' done \\1th the 11011-

rndm-uctl\C H I. <i..::r,·11011 ·s11:1111Am:!r ham) I he re I (,old buffer \\,Is prepared as dcscnhed hy 

tht' manufacturl.'1 ll1l' buffer \\llS prehc,llcd Jt 12 C before 25ml \\llS added to a ne\, hybnd1sa110,, 

b<1g con1n111111g n pre, iously stnppcu blot l'hc l,lnt \\ as incubated 111 1 he h) bndisation butler for 111 

lcust three hours 111 42T 

\lnrkt'r X \\,,., labeled accordmg to the I Cl prlltocol ( \mcr~ham) One 1111croh11c of \larker X 

he:111r.c! it ut 10(1 C ten ~ rn111u1c~. fnlllmcd b, irnll'cd1atl' cnol1n!l 011 1cc I qu<1l ,oiumc, l,fthc 1:CL 

I .l l 11mg re tl!cnt and glut.ualdeh,de \\l'll' added to the tube I h" ~oh1111111 ,,,1~ 1111wd \\ell nnJ 
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111cuhatcd for ' t, ,um, ~., ,II 'i7' < I he ptohc \\JS ,HILied 10 the h, hr rd1~a11on hag and h\b11d1sa11on 

pcrfom1cd o, ernrght at 42 C 

'J\\o subsequent ,,ashes of tlrl' blot ,,e1c done in primary wa,h butler (0 ,xSSC, o 4% SDS, 6,\1 

urea) at 42' C for 20 minutes, foll<m cJ hv 1,,0 bncf ,,a,hcs (5 min11tcs) at room temperature in 2 x 

SSC \II lrqurd \\as 1c1110,c-d fron, the hlor and the latter \HIS placed rn a nc" nl.istic bag Lqual 

H>lumcs ufrhc I ('I detection reagents I and 2 ,,c1c mixed and added I\' lhe hvbricltsatron bag I he 

hqurd \\11, c,enl) sprl•ad mer the blor for one minute, bcforl' ii \\as remu,ed from lhe bag X-1ay 

film. ,,ere exposed to the nlot for ,hort periods of 11111c (11 fo" seconds to mrrnrtes) before II was 

de, eloped a, ,Jr..rnsscd ahm e 

2.8.10. Computrr 1mistrcJ :11111l}sh of li11ulidu 11/hinm, D:\,\ digests. 

Autoradrographs \\ere scanncd (I ti' ltc,rr. Ile\\ Jett Packard) and anal\ . cd \\1th the Gelcompar 

sofi\,are (\\'indo,,s \'C'r~ion 4, ,\pplrcd \lathcma11cs, Kort11jk, Belgium) Banding partcrns "ere 

11orrnalrsed b,· the superimposition llf the uutorad1ographs of the Ca~ h\br1dism;o11 patterns (of 

, u ate n, \ clrge,ts) 0\ er that of the rnlernal marker Banding patterns of the I ol111cs· digested 

l>~A ,,ere compared "ith the urmcightcd paired group (I fl(i\l \) clu~tenng method. us•ng the 

Die cocllicrcnt tr ulantv mat nee ,,ere generated to detern11111: the degrees of rclatcdne het,,ec:11 

ornl C alh1wm trains as dt cussed abmc (234) 

2.9 HU: 1>1:TEH\ll~,\ 'IIO:\ OF,\:\ IIFtJ/\G,\1. s,:~Sll'I\TlY OF CAM>m.1 

!'la; hro1h ma~10dilu11011 method \\dS performed ,ICl'urd111g tl• the gu1dC'l111cs ot the I\Jational 

< ommiuee for C'hn1,'.1l I ,1ho1,1to[) Standard~ (~CCL~) t2'i<iJ , • allm,111, ;'\CPF 9002'), < • 

l"""l111/11,J\ < l'I· 90018 ancl C. xlah,wa ;'\CPI· 90030 \\Crc u~cd us rcti:rcncl' :,trains The 
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rmnimum inhibitor, concentration~ ( \IIC) of variou~ anti fungal drugs needed to inhibit gro\\1h of 

the e rl'fcrcncc stram arc kno\\n and these strains ,wrl' therefore 111cl11ded 111 each test batch rhe 

\II(' tesh rc~ults nfclimcal isolates .11e rcgardcJ as reliable if the ~1lC \I.dues of the relc1cnce W,1ins 

for l.e1ocona✓<1lc arc hcr,,ccn O 01 - 0 12~ ~1g/ml und O 25 - I pg/ml for<· 11/htwn, and<·. ~labmta 

ll'SJH~ct1,d) I he \IIC ,alucs of the rcfcrcrtl'C ,;IJains for Jlucornuolc should he bet,\ccn O l2'i - 0 S 

pgtml and 8 - 16 pg/ml for ( · allurn11, and t • ~/ah1m11 rcspl'Ctl\ ch 

Kctocona1.0lc ,,us a kind µ111 from Jansen Researd1 l·ounda11011 I Becrse. lklgiumJ and tluconazolc 

fru111 Pli1c1 Inc (NC\\ Ymk) Antrfungal stock solutions ,,ere prepared in the appropriate :-ul~cnts 

(dimethylsulphoxidc (D\iSO) or \\Uteri und stored at -20 C foofold drug dilution~ \\Cre prepared 

111 RP!\11 16-40 medium (Sigrne), \\hich \\US butlered to pl-I 7 with 0 :6S~I 

morpholincpropanesulfonic ac,d (~10PS) Concentrat1ons or drugs ranged from O 03125 to 

,2µg11nl 

I he ,cast r ol,1tcs \\l'IC grm,n on ,al- r•aud-dcxtrosc agar plate~ for 24 hL,urs Yeast cell 

suspensions \\1th nn op11cal densrt). nt 620nm. of 0 08 - 0 I, \\ere prepared m snhnc 10 85° o) An 

nliqu..it ot'900µ1 of each H'a t suspension \\ll used to inoculate stenll.' tubes. cuntam111g 100µ1 of the 

nnt1fungal solution at the vanous J1lut1cns l'he 111ixture \\8S rmxcd \\Cll nnd mcubated aerob,--ally at 

30 C I he \IIC endpoints \\CIC detl.'rmincd as th1.• nunimum concentration of drug \\here gr~\\th 

inh,bitron of,cast cells \\Crc ohscned \tlC's \\Crc re.id alter -48 hour:-. 
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CII.\PTER THREE. RESl 'LTS 

3.1. THF. CHARACTFRISTICS OFTIIE STUD\ GROUP. 

Fifteen (52 °o) of'thc 29 acute leuJ..acm1a patienh includt·d in thi\ stud\ prCSl'nted with acute 

lymphoblast1c lcuJ..acmia and 14 (48 ~o) with acute mycloblastic leukaemia (T •• ble I) The ages of the 

patients ranged from 14 to 74 year, (median 2~ years) 

Tahir 8. Thr 11re\alenrr of lhe t) pt>s of ll'ukaemia in lhl' ~tudy groUJ) 

Female 

~talc 

:.'.\-1L (%) 

9(31 OJ%) 

5 ( 17 24°0) 

n=29 
ALL(%) 

6 (20 7%) 

CJ(JI OJ%) 

l:1hle 9, 1'11r age dis1ribu1io11 of the patients. 
---

,\ge (years) ,\\IL ALL (11=15) 

(11=14) 

10 - 19 2 •l 

20 - 29 5 u 

30 - 39 3 

40 - ·19 0 2 

so· 5q ➔ 0 

()(J. 69 0 

70 79 0 
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3.2. H.\EMATOI.OGICAL F\~\LVATIO~ OF PATJI:NTS 

Available haematological results \\ere nnal)sed and shoy,cd that patients became se,ercly 

immunosuppre53ed during cytotoxic therapy The \\hite blood cells level in the blood dropped as 

km as 200 cells/mm' The lo,, est concentration of lymphocytes recorded d11ring the study period 

\,as JO cells/mm
3 

in A\11. pJtients and 90 cells/mni3 in ALL patients Polymorphonuclear leukocyte 

levels dropped 10 IO cells.'mm 
1 

in A~11. patients and 90 cclls/mm3 in ALL patients 

.:-
I 
I 
•' 
C, 

f 
lr. 
:i:; ... 

18 

16 

14 

12 

10 

8 

8 

◄ 
2 

0 

2 C 8 10 12 14 16 19 22 25 31 52 55 73 86 1l0 
Days 

Figure 7 ·1 he neutroplul profile ofa patient on cytotoxic therapy 

3.3. ORAi. LF:S10;\'S 

Ty,cnty • one (72 4%) oft he parients in this study group presented wuh oral lesion:, during the 

course of the study, ,,ith oral candidosi~ (4'18%) and gingivitis (34 5%) as the most prevalent 

lesions foe patients ( 11 2•l%) exhib1ted ulcerations due to Herpes virus infection, one developed 

se, ere pericoronitis and one palatal petech1ae ( I able I 0) Eight patients (27 6%) in the group never 

presented ,,ith any oral lesions 

Tl;: clinical manifestation of ornl candidosis Oral candido:,is \\as clinicall) diagnosed in S 
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l'i7 14°01 patients ,~uh ,\\11. and 'i (B '1°oJ patients \\Ith \11. ( J'ah!c 10) hr.1hcmatuus 

cand1dos1s f4'i ~
0

o) \\.t, the most prevalent clinical ma111fcsta11on. allccting ·11nc naticnts in the study 

g1oup ( fahle 11) 

Tahir I II. I hr inridrnc,· of oral ll• ·ions in nrntt' lrukarmia patirnb. 

,\:\11. Patients(%) ALL httirnt\ (%) Total number of patients 

n=l4 11=15 (%) 11=29 

Pattenh "1th oral lesions () ( t,-1 3) 12 (80) 

Pa11e111s "uh no oral 5(357) 3 (2U) 

lesions 

1\~r of lesion 

I lerpc, 1nfcc11on 2 I 14 .,, :; ( 21l) 

Gingi,it1s 'i (35 7) 'i ( H 33) 

Pericoronitis I (7 14) 0 

Oral candidmis (OC) 8 (57 14) 5 en 31> 

l'ahlr 11. Clinical manifr~tation, of 11ml cnndido~i\. 

( linical manifr\tation 

3 

P,cudomcrnh, anti us candido~,s 

El) thcmat(,u, .:-and1du~1, 

\ lixed pseudomcmbranous candido~1, and 

crythcmatous randido t!> 

•I \11xcd pseudomcmbranous candid0s1s. 

cr~1hcmatous camltdosts, with ,1ngular chetl11ts 

5 P,cudomembranous cand1dos. ,. 1th , homboid 

glo~siti, 

(, Khomh0id glos~11is 

:'\r of incidrn•~ of oral 

rnndido~is (~'u), 11""7, 
---

I f-1 I 7) 

11, 1r n1 

(J ( 2~. 

-1(167) 

I (4 17) 

I ( ·l 17) 

21 (724) 

8 (27 6) 

"I 17 2•1) 

IO(l,l 'i) 

1(145) 

13 (44 8) 

~r of patirnt, 

irnohrd 

() 

-t 

------
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Four pa11cnts prescmed \\ 1th 011-;cd p cudomcmbranous and crv1hema1ous oral cand1do is \.\ith llarec 

mc1dents rn a srngle pa11ent fhc same patient also pn: cnted \\1th pseudom~mbranous candidosis. m 

combrnat1on \\flh rhomboid 1.tlo.si11, !hrec patient presented w11h mixed pseuoomcmbranous and 

en1hematou cand1dc is. togeth~..,. ni1h angular chetht1s 

J, 4. 'J H r PR~ \~\ I.E\CE OF C l \ "Dll>A 1S0 1.A'!'E~ f 'J II E OR,\L C.\\'IT\' 

h\Cntv-fiH• (n6 ~
0

oJ pat1e111~ i111h1, ,1,,d, group earned, "<111d1da <;pp ~Ith a to1al ofX61sola1es 

I he ma;onrv oft re isolate ( 56 98°., ) ,, ere phenut) pcd 11_ C alh1cam l r able I l J, ba ed on I heir 

ability ll• fu1111 germ tubes, a green prgmem on Chrornagar < im,ltda. anJ their ugar ass1miln1ion and 

disk d1ffusron pauem, Eben of these 1sola1e. pre.e111cd ,,ith at}pical API code, but nere classified 

as r a/h1w11, on £rounds ofthe1r abihl) to produce germ tubes dghteen (20 93%) isolates \I.ere 

1den11ficd a r: glahrma and \',ere obuuned from mne pauenr (36%) Five (5 81 ~o) isolates. from J 

pa1ient• \•ere rc•entrficd as C knl\et nhilc.: (:I 65°o) C trop,wl,., isolates \I.ere obtained from a 

~rnLtle p. ·n· \ srngle 1:,ofa1e or< ,:1,1/humo11d11 ( I 16°0) \\3S I olatcd 

\1xl\ pcrcl , rtlK· 1Jatrent.s earned a mglc .pec,e~ throughout the cour e of the stud) T\\o species 

,,ere i oia ~i ,,.1 f <1° o of lhe group and th1ce species from 200 o of the group (Table 14) These 

pec,e ,,ere,~.,! lied concomuanll_~. or dJrrng Stibsequent \isits C alb1mm was isolated alone:, or 

1 1 cor,b,r311on \\ ·th f • gl.1hra1a < • knm?t and or C tmprcal,, 

Jimeen pztient~ 1ch had onh one isolate of Candida dunng the studv period Three ofthi; :e 

,iat·ents \\ere een c .. ce onl\. due to de111h or una,a113bilih The rest of the i olate ,,c.t o'>truned 

from the rcm,umng I 1 • paue.1;., c11her ar tl•c ,tan of chemorhcrap\ (5 patient,). or much ldtcr {'i 
patient I 

----------- ---
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fn . h 12. Oral Ct1mfitla isol:ur in •ht• tud) group. 

I otal pa Ill rt 

I '\r of Jllllirnts ( 0 o) 

+----

Pauent~ \~Ill,< .. ti ("c111dula 

l'nt1C"ll \\ ,1hou1 oral ( i.111d1d" 4 (I~ 8) 

l'nble 13. fhc prrulenee of ornl Gm,lit/11 l'Cl• in thr s111d) JlrOup 

lsuhur· 

77,,,,,,,~ 
( ,:lahrma 

C J..nl\et 

( tmp1Ca!.~ 

C !fllllltcrmrmdu 

'" //) 

~umhrr of 111uic11t 

(n:,) 

--~ 
I (72°0) 

9 C1<>0 o) 

J ( 12°0) 

I ( 4° o l 

I (4°0) 

6 (14°0) 

II 6 

4C) ('i6 98) 

1s no 93) 

'i ('i 81) 

4 (4 65) 

I ( I 16) 

Q(1047) 

• i\11 isolates tlu1 produu."'d gcm1 tu~ and gfC\.-n p1gmcrit tln C hrom.-igar. mclud1•1g 

thos~ not 1dt-n111ied \\llh th Al I 20( ;.\ u, 

f11hle 14. l he pnllern of Cmulitla rnlonisn1ion in the oral Cll\ it) 

~·umber of \J>rl·ie i olated 

- -:----
)ne pcc,e 

l "-O pec1c 

Three species 

,\ 'umber 11/ patient~ {"o) 

I 'i (60) 

4 ( 16) 

5 (20) 
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. • A . . ... . . 
. . (J • -. . . ' 

. . . 

! 'multdaalh1u11/\ brot,pc I (·16 94°0) ,,a., the mo,t pn.•,nlent '>trnrn found rn tlu~ group ofpatrenb 

(hg~) Bmt,pcs4{816°o) 6(408°0),81408°0),and"(~t·~•~•1hg8) ,,crealsoisolatcdfrom 

the patients Sc, cntccn n4 7° o) ot'these isolates ,,ere classified as lll)pilal IJJOt\ pcs ! hr~ group 

included clc,en isolates that \\Cre germ tuhc pos1tiH• but produced otvp1cal Al'I profile 

50 
BIOTYPES 

40 

□ 1 35 a , 
~ □~ 

f 
30 

Cg 
26 r.111 .. 

i 20 aA1ypical 

15 

10 

5 

0 
Boot~• 

Figure 8 81otypes of C a/b,cans in the stuay 

J.5. I:\\ l'I RO,\~ I H l~G,\L SF::'iSITl\'lfl . 

\lost of the C olh11.:cm, isolates (71 46°0) \\ere sens111,c to tluconazolc and \\ere 1nh1b1ted b, a 

concentration of4µg,ml 01 less of this antrlitngal ,tgcnt 'e,en i,olatcs ( 14 28°a) \\ere inhihitcd b) a 

,!ighth higher cor11:cnrrut1on ot'tlus antifungal dmg (8 - 14µ~rnl,1, \\hilc 10 2°0 of the~,. isolates had 

11 \ IIC of' more than I uµg;ml I he scll',111, 11, pattern of C 11/hnw1, to h •toconazolc diffi:rcd ,, ith 

most of the I olatc, ('> 06°0) shm,mg :\ IIC ,aluc~ higher than 16µg;ml J\ perc.cntc1gc of 4-l 44°0 

of the i~"latc needed conccntrn1ion, hcl\\ecn S - I uµg/ml to be 111h1b11cd fen 1sol.itc, ( 20 ,J0 o) 

,\ ere inhib11l-d b} ..i µ g/1111 or lc~s of ketocona,,olc ( I able 15) 
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Eigh1 (33 33°0) < g/(,, 
· •~olcJtes I\Cre inhibited b\ 4µg/ml or b,s oftluconaLole, 4 (22 22°{,) bj 

l6Jtg ml and 5 (27 78°0) had \lJC rnlucs hight!t than 16µg1ml Eight of 

lhese (' glahrwa 1,oia1L (-1-t '-14° 0) \\t'rc onh inhibited b~ ketornnaLolc conccn11a1io11s higher than 

loµg
1
ml. while the remaming nini.' 1sl)la1c:, 11cn: i11h1h11ed h\ kctt1'-·011aLole co11centrations 10\\er than 

l6µg ml 

All the ( • k1111e, isolate, \\ere inhibited by a Jlucona.wle concentration of l oµg/ml Four isolates of 

this specie~ were inhibited by a ketoconazole concentration higher than I 6µg/ml One isolate ( 20~o) 

1\as inhibited b1 Iµ !!-'ml of ketoconazule lhe < •. lmp1t.ah., isolate'> ( I 00%} were all inhibited by 

ketoconazole concentrations higher th,,r. J 6~!g ml Two of the (: tmp1cal,\' isolates were inl 'bited 

b1 flucona.wlc concentration~ of'-lµg ml or less and one at ! 6µg/ml The remaining isolate 11as nor 

111hib11ed bj tluconMole cn1Kentra11on, \lithin the range tested 
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l'ahlr 15. fhe nntiiungal sensi1ivi1y of< m11/itl11 i\olated during th«- stud). 

I C 11/hin111\ ( % ) 

n==49 f 
-------

C ~lahrata ( % ) 

n=l8 

Concentrntion FCZ KC/. 

C,1gfml) ~ _,_.,_·z---1--- K-·c-·z_,_-t-_1-_·,_·z_, 

36 (73 47) 10 (20 41 8 (44 •14) ~-· 
• 16 7ll428) 12 (21 48) 4 (22 22) c,, S[1020•l)I 26(~5(2778) 

l·CZ - tluconazole, KCZ - kctocona7olc 

6 (J) 33) 3 (60) 

3(1667) 2 (40) 

8 (44 44) 0 

C.: tropirnli\ (%) 

11 "'4 

z FCZ KC'Z 

) 2 , ~o, 0 

I 125) 0 

0) I (25) 4 ( 100) 
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. . , .. . 

J. ,,. 
1111 < OUJH'.l..\110\ IH I\H I.~ lllf. < 1.1:\IC"\L l>l \(;\OSIS 01· OIUL 

C \~ l>ll>OSIS A' I> nu: LAHOIU'I 01n l>I,\(; \OSI.S. 

1 lurtcen patients (44 s0
~J fro1r the Mudy group 1,cre cluucally dingno cd \\1th oral cnnchdo 1s ( fable 

16) presenting \\llh 24 cp1:,ode of ornl cand1do~,s I 1ghtccn (75°0) of the ~mca,s from the 24 

mc,dcm~ ofdin,call) diagnosed oral cnnd1uos1s \\Crc r,0,111\c for h)phne and or spore, I l'nblc lo) 

In '-8 1° o c,f the cnsl' of oml cand,dos,s. , i111d1cla 'l'/1 ,, ere 1solaicd at a con~·t•n1ra1;on of 111 least 

•IOO cfli ml ofrin~r and in ~9 2°0 of the l'asc, at ,1 co1went1Jtmn ofk·ss rl .. 111 400 cfu ml ofnn c In 

eight ( 1,
0 

o) of thl.' patients the cl1111eal d111gno 1s ,,as contirn1l'<l \\ ith posit I\ l' smears and the 

pr4..'seni:c ofat lca:;t 400 cfu ml ofnn c 

J.7. nu: PRt:V,\I t:~n: OF CAi\'J>/1) I ' PP. I . ORAL(',\ 'U!l'f)l,ilS. 

l'hJ11)•t110 (37 2:~ ) of thl· 86 1solnte) 11crc 1moh.cd in infection ( Jubic 17) f ulbicam ,,as 

responsible for 54 17°0 of the mtecuons. follo,1cd by (' ~lahrata c~9 17°0), an' C 11op1cal,1 

1 6 <, 7° o) 01hcr species that ,, ere 1solared from 111d11 ,duals \\ ith oral candrdosis II'! •1uded , · Ii.nm·, 

\d11ch \\!Is ,mol\cd 111 8, 11°0 of infcc11on (' ,:ml/1er11101u/11 111 4 17°0 of the rr It. ·tH11:, nnJ 

u111dcnt1ficd <'m1d1tla 1711, for 12 ,o o of the inlcctions lhc5c isolates \\ CH.' r11 her 111vol\ cr1 ts s011•11ry 

etiological agrnts, or in comb111a1ion \\ ith other specie:. 

\Jrrhipl4..' ( ,11,d,d,1 V'/J· ,,ere isolated from~ p:11ic111s p1esen,ing \\ilh or,il candiJo~r One ot ,; c -: 

pa11cn1:- l1.1<l muh,plt• ep1 odes of mal cand,<lo is due 10 a co111hin::11ion of<• a/h1,w1,, r • ~lahrw,. 

and (' 111,pu;al,, hrn patient!> s11flc1cd from oral candidosis dul' to n comhina11,in or<·. olh1w11, 

nnd c · ,:lahr11ta C ulh1111111, 111 cornb1111111un 1111h < • ~,,""'• 1,11s re pons,blt• for infe,rion in one 

oat,c111 
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·1 a hie I 6, 
·1 he rel111io11ship het"rrn rliniral m1111ife~1:11io11 ufornl r11111lidosi,. pmiti\t' sn,enr·, 1111d (am/it/a numhe~ In rinses. 

j :\ r. orinridrnts of '-r. ofpmithr mran; Cfu ml of rinsr J on,I <0mdhlo,o, during oral r1111dido,is ('!o) 11=24 
(%) II 24 n-24 

~-~ 
Clinical , nrinnt 

-t~ 1(417) 

400 1-400 0 

--Pscudoinembrnnous 
I (4 17) I (4 17} 

I:1)1hcma1ouj 11(4,;P.,) 7 (29 21 6 (2~} 4(1667) I (4 17) 

Rhomboid glo sit1s I (4 17) 0 0 0 1(417)* 

1ixcd p cudomembranous and (> (2'i) ~ (20 8 3) l(i:-!~) 2 (8 lJ) I (4 17)• crythcmatous .. ~ I 11xcd p cudomernbranoul, I (4 17) I (4 17) I (4 17) 0 0 Cl)•thCl1UltOU5, "1th rhomboid I 
glo s111S 

and I M1xcJ pscudomcmbrnnou. 4(1667) 4(1667) l ( 12 t;) I (4 17)0 0 
en thcmatoui., "ith angular chcihti~ 

' - Rin c \\Crc not B\a1lnble, - - ----- --- -- ---------
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rl.'~Jwn~ihlc ti.,, inli:c11on in nm: r:1111:111 , an llllldcntiticd 1s<,L11e cnus::d cand1dosi, 111 a1101hc1 pa11cnt, 

Tabll• I 7 I he prc\'alcnc.:c of 01 al c ·,mdtcla isolat~s in 111ft'ct1on 

Species "iumher invohed in Number of infcctiom/ (% ) 

infection(%) n=-32 nc:24 

< •• alh1ccm, 15 (46 875)• I J ( 5-1 17) 

( '. xtahrata 7(21875) 7 (29 17) 

(' trop11·c,l11 -1 ( 12 'i) 4(1607) 

( • /../'1/\l'I .2 ( (, 2 'i) 218 U) 

Sot 1d,•1111 /it'd 3 (9 175) 1 t 12 'i) 

< ·, x111ll1er111011d11 I ( l I 2'i ) I (•I 17) 

~0111c 111cidcnh of ~,,m.lu.tos,s c:m,cd h1· l. or more spcrn:~ 

(" a'1
•1w111 81ot}pe I was tnvohed in J.1 U 0 u of all tht.' mfrcttun, Biot)pe!> 4 (4 7bno), /1 (-I 7b0 o) 

and X ( •' 7b0 o I ,, ere alsti r c~pon~ibk· for I hL• dc,·clopment of 01 al candidosis ( I'ablt• I 8) 
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J.8. 

I able IS C. a/h1«111, h101\pes 1mohed moral ,·and1do~1s 

HiOI) flt' 

4 

6 

8 

n 21 " 

7 (,133) 

I <4 76) 

I (-1 7<,) 

I (4 76 ) 

31125) 

---- -------------• ~o < ant!u/111sol;11cd 111 l 0111 or 2.i 111,11lc111s of oral \.,ind1do •~ 

• 1 oral J 1 ,1t1d 1101 1-1 txx,1usc I alliu m1, 1101 1111 nhcd 111,111 111,rd.:nt~ of '-l11d,dos1~ 

rm: IU:L,\ 'I IO~SIIIP m: IWJ:EN nlMLISOI.OGIC.\L S'UTllS Ai\O THE 

( 'LIJ'\71CAI. M \ ,'\711-l:S'f:\'f'ro~ OI ' ORAL C ~nmosrs. 

Av111lnble results of cell counts I on dares \\hen oral candidos1s manifested clinic:i!l; ),were anal}sed 

Fifi) percent of the incidents ofor11I cand,do~,s occurred \\hen the 'whlle blood cell counts \\ere less 

1ha11 ~000 mm' ( labk• IQ) Single lnl'rden1i; of oral candrdosi~ occurred during the treatment penod 

1, hen the \\ rw \1crc more than 6 000 mm' 

l'ahlr 19. Thr a\\oriation brt\\ rrn oral rnndido,i, and lrm lrHls of WBC. 

\\ BC Conrrntr:lfit•n 

(, IO' cells!inm ') 

0 • 2.'J 

3 - 5 q 

6 • S () 

9 - 11 

,\ho,e 20 

:\umber of incident~ of diniral manifr.,tation of 

oral r:rndidosi, (%): n= 16" 

8 (50) 

~ (J I 25 l 

I (6 25) 

I (6 25 1 

I tu 25 1 

\\ BC \\'h11t• blood cells, • Io rl'suhs l'I' \\. IW "l'~.tbk• 
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\c\cnt\ percent of 1he 111\;1dent, of ornl 1:and1do", occurred \\hrlc ab olutc ooh mo phor ude3, 

pa11ent f·our rn 1dcnt of oral cand1dos1s ot..urred \\hen 1he lcH:ls ofncutropluls or lhe rc;c,anr 

patients \\ere \\llhm the normal range (1 c 2. 7 'ix 10') ( Table 20) 

rxteen (84 21° o) mc1dcnts of oral cand1do 1s occurred \,hen hmphoC\ tc le\cls m blood \\ere helm, 

l'iOO mm' A fo\\ 111c1dents of oral cnnd1dos1s occurred \\hen l}mphoc)1c lc, cl, \\CTC \\llhrn or 

lughcr h1£hcr lhan 1he nonnal counts of I 'iOO to 4 000 nun I of blood (Table 21) 

Tublr 20. 1hr asrnciation hct\\ ern 11r11l c1111didosi\ 1111d Ion lrHls of neu1ropl1i:.\ - -----------~----------l'\eulrophils umhrr of inddr111s of clinical nrnnifr ta lion of 

( \ 10' rell irnrn
1

) oral ea ndidosis (% ); n• 20• 

----::---=-------------~~~-----0- 2 l4(i0) 

2 I - 4 

4 I -6 

6 

2 (10) 

J (15) 

I (5) 

--~--:--~~-------~------------.:!Ore uh~ of P\ f~ count ,,ere a,ailable 

I ahlr 2 I. I hr association hrl\u•en oral randidosi\ and lymphor) Ir rrll numhrr~. 

LJ·mf)horylrs 

(x I0
1 

rrll~11111111) 

I 'i9 

16-299 

'l 1- 4 c; 

4 c, - 6 

6 

:\'un:ber of inridrnrs n ;,11 rlinienl m1111ift, 1:tlion of oral 

c,rndidosi~ ( % ); n• l9* 

16 ( 84 21) 

I (S :!6) 

0 

0 

2(10CiJ) 

• 19 re,uh, ofl\111phocqc mun ts \H•rc n, ailahlc 
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3.9. G[:'\ E r IC A.\'Af.\ SI OF C. I. Ille A \ S ISOLA"I I•:·. 

l h,cnr,-nrnc (' C1fh1wm I ol,lll' from Q paucnrs \\ere lingcrpnntcd \\llh lhe C u/hl(um pec11ic 

prohe Cal Add111onalh 11 rsolaks, \\ hrch clo elv r. embled C ,11h1, u111 but could not he 

1dcm1fied b\ therr carboh\drate ns in11lat1on pa11erns. \\ere also fingerrnmed D1flcrerJccs m band 

po umns and the nun
1

ber ofb,mds of strains \\ere used 10 determine the degree ,,f rel:1tcdnc s 

a,11on£st trams Dcndrogrnrns of the 29 stra111s. based on the c d1flcrences. \\Cit> c.ons1ructed "ith 

the md of calculated unrlant, rndcxes trams \\e1c regarded as 1dcnt1cnl 1f111cv shar~d a 1111ilanry 

tndex of I, ,,hile non-iclcntrcnl strains ,,ere scored bct\\ecn zero and 0 <>9 Identical strains \\Crc 

grouped rnto clusters The name of the group, as ,,ell as a d1s:",1guishrng number. ,,ere assigned to 

each cluster I olates \\ere de 1gn.,ted \\llh the prcfh I.C 

Three group .• A. B and C. of close!) related st rams were identified Group A comprised of 2 

clusters and 2 unique strains (l'able 22. Frg Q J Cluster A I compnsed of 4 isolates from patient R. 

and cluster A2 comaincd 2 isolates from patient D t,roup A al o contamcd I\H1 unique ~rams from 

patient fl and R. re pcct1\ ch 

Group 8 contained 3 du tcrs I he 1sola1c of clusters B I nnd 82 "ere close!) rclate.d 10 each other, 

haring a sunilant) rndex ofO 96, indicating mmor drflcrenccs bct\h'en the strains of the t\\o 

cluster Cluster BI con isred of2 1 olates from parient VS and I i olate from patient R C'Jusrcr 82 

consisted onl~ of isolate from patient I) This group nl o contained 2 um 1ue strains J.C 193 and LC 

003 CluMcr 1n consisted of 2 strarns from pntrem \ I>\\', as \,ell as train I C 40 liom pat1em D, 

"ho~l' 1 olatcs \\Crl' marnh found III duster 132 
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I a hie 22. Clu,tt'r anal~ ,i~ of (. 11/hic,,n, i,olatr, from a group of arnll· lrukarmia patirnt,. 

---- ...... 1 "ou~e of~a11111lc, I ,, ... m, .. ; .. ,_ ;'1,1-. ol 1 '\r ol ~IIUl'tt' of ('lu,h'1 :'ir of 

,.1mplc, l 1111111,· UlllljUl' •Ir.tin, llilnll' ,.111111k, in ' in du•tcrq1,11icn1 ) 

•trnin, (t>Jti1•n1 I cill\ll•r, 

- - ,-
r \ \/ l p Al ., R 

I 
R A2 2 DV -

Grour B ll 4 -; P. R [) -I3l I vs I) 

I :u l DR 

r I Bl 
I 

2 \0\\ 

I Gruu11 C' '! ~ l!. R. R B <'I l K 

Group C consi,ted of cluste· CI , \\ hose , olatc~ \\ ere isohned from one patient onl} (Patient Kl, as 

\,ell a~ 4 umque strain~ from p1111ent.:: D and R respecti,el) 

The isolate·; from I patients tDV. K, \ 'OW and\'!'.) rcmamed unchanged throughoul the stud) 

period ( I able 2.1) f'hc isolates of the remammg 3 natients ( D. P and RJ exh1btted d1fforent Ca) 

h\ brid1sation patterns 

Patit'nt P: The t\\O ,~olates I( ' 91 and I l 100 \\Crc d1stincth different. \\1th a ,;umlarit, indl"< of 

0 76 

1',11ient R: The 10 isolate,, from this patient (Table 24. hg I lb) \,ere grouped into 5 genotypes 

FiH· of these st ram~ ('"0° o) belonged 10 one gcnot) pc ( cluster i\ I ) J'he rema1111ng ~trains \\ ere 

<listnhuted <1mong~t genetic group\,\, li, and C All of the remaining stra , except for LC 6, \\ere 

classified ,1s at,p1cal bi.H~pcs nfC. ulh1Cam J'hesc at}pical biot}pe:-, LC:.!, J and 82, yielded a 

nom1al 15-2' b,rnd ( a1 h,1'nd1sat1on pwtilc 
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1'11hlt• 2J. C.: ,1/hicun, strains in thr stud~ 2rnup. 
.... - - - .--, ~,.,.;,,., ' 

Str-:tin~ from patient ;\ r. of idrntirnl ;\ r of 

,-.. :~·~ strnins \Int in:; 

Jh jL~l4S_ 0 

I° - - - -
1 I C I 8. 26, 'l • 40. "" and 4 

I 61 

I IJ\ ' IC I and LC 9 2 

, K LC 125 139 and 161 3 

p LCl.)land 100 0 

,R LC.:: 1. 6 8 42.82 8l. 9Q 6 

130. IH 

LC 193 0 

VOW LC 173 and 19~ 2 
,__ ,.~ I C 75 and 91 2 
......_ 
'itfollh arc classified as unique or identical m relation to other strains 

of the same patient 

'I 11hlr 24. nal) is of r hnrn r1rrist1rs of ic'llatrs from Putirnt R. 

2 

0 

0 

2 

4 

I 

0 

0 

I , r Oate of ! Biot) pr 
I 

(;rnotype I ,\ntifungnl trcntmt'nt I '11C for 
I 

isolation 
u I I KCZ (µgfml) 

LCQ9 71<1194 I I Cluster Al S\Skm1c KC/ I 16 

L CIJ 14/919-1 I Uruquc S) ~1cm1c KCZ ::: -i.n 28/919-1 At,1nc .. 1 llrur1u S)i:tenuc h C'Z 2 

1 c·x 2'i 10194 I Cluster \ I S)'itCTIUC K( z X 

I ( 2 29 11 9-1 At,-pu:al lln que Systemic KCZ 2 
-I ('42 2xn 9, 4 Cluster A I 1'onc 4 

- i --- ~-
IC 82 2~t-l!9' '' ')r·, ' l1111quc \ one 16 

-
I.( X1 311.; 95 '~ ' Cluster Al Non.: 16 

1 c· no , IO 11, I ("luster \ I S, ~tcnm: r-;.( /. topical I(, 

I 
an111l,othcrie111 B 

--- -
1.C 1-13 2510'1~ I ('luster,\ I ~)StCllllC KC'Z 16 

KCl Kctoconazolc. \11C minimum inlubitol) conccntra1ion 

I 

! 

lmoh cti in 

infection? 

No 

1'0 

No 

No 

Yes 

Yes 

~o 

Yes 

\/o 

I 
Yes 
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I he:-. 11C ( nunimum mh1bito~ concentra11011 l H1luc-, of the 1,olatcs of duster \ I · "fe mte1mcd1atc 

(4-8 µg. mil 10 high ( Jo µg ml) \11(' for kctoconazole I hrce of the •l unique stra111s n C :! 1. o) had 

\tlC ,alues of:!ug ml ltir kctoconazole rhc remaining unique srrain, LC 8:!, \\l11ch \\ere the least 

related t0 the rest of pat tent R', 1,<,ldtes. had a \llC-, alue ol' I (,µg, 1111 for ketoconawlc !he must 

ated Juring 1 { 75° o) uf 

1he 4 episodes of oral candidos1s in this patient These isolates ,,c1c e11hc1 b1otypc I or 4 and had 

.\IIC \·aluc, of 4. 16 and l6µg1 ml 1cspcc11,el: Only one episode oforal candidosis occurred \\hen a 

unique genotypt' ,,as i~olated 

Patient D: I,,ilates from patient D belunged to 4 d1ffe1ent genotype, The tirst rhree isolate:. of 

patient D \,ere identical and belonged 10 cluster RI Different ~cnot) pes were isolated during the 

remammg 3 qs1ts Fi,e (8111°0) ofthe 6 i,olates belonged to C alb1w11, biotvpe 1. except strain 

l.C 38. ,,h1ch belonged to C "lbKa11, biot\p~ 8 LC,, . although belonging to a ditlerent biot pe, 

,,ere a member of cluster Cl I he \IIC htlues of the strains ,.111ed ( I able ~5. J ,g I o) foo isolates 

exh1h1tru ~II(' ,alue, of 16 and lugher. ,,hen oral candido,1s mamli.-s11.•d cl1111call, The ~!IC ,11lucs 

of the i~olate~ vaned according 1<1 the presence and ubst·nce ol'systc1111c ketoconawle. ,,1th ~11Cs 

im:rt•a,tng ,, ith cxpo~ure r,i the <lrug, and dccrcasmg in the ah~ence 1he1 cof 

l.tble 25. The anal)sis of isolates from Patient D. 

r:cof ~r. of C,cnol~pc Biot)IIC .\ntifun1,tal 1,ti1cn \11(' for KC/ . lmohcd in 

.uinn i,ol,ltc to 1i,11knt (JII! mil inf cu ion'.' 

I 1-112 I.(' IX Cluster Bl I i...etcxona 10h: l '\n 

21 2 LC2h llu~t,:r 1!2 I Sm.c lo '.:.s 

I fl 'l LC lX Ch1\ta 82 X :--one I Ye, 

21/l I C ~o l,mqm: I 1':onc O 5 ~o 
._ 

4 4 LC 5, emquc I Kctocona,ok • I ti Yes 

.W! l C 1,, l,niqrn: I ?\one > I(, "-:o tf'as -

l .P.D> ' 

I 

Krz ~ClOCOIIMOIC 
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~1x isolates \\ere obtained from tlus µat1.:nt. but on.lv <' 1e [LC 148) of these isolates exfobrted a 

normal Ca3 l1\bnd1sation protile (Fig 12) !"he -5 at\pi-:a, ,~olatcs 0fth s patient \',t'•e therefore no1 

included m the dendrograrn anal::,sb, but grouped \\Ith the at\p1tal t" utb1cc 1Y isolates 1 his groL.p 

compnsed of 11 genn tube pos111ve isolate, \\ !tose 1dent1:y could not be confirmed with the API 

method, hvbridised \\Cakly to the C alb,wm specific probe (Fig 1:2) It would app ar as 1fthe CaJ 

repc1i11ve fragment, which is known to be dispersed throughout the C alb1ca11s genome, is not ,ls 

pre\alent in the genome of these atypical isolates, suggesting that these isolates are not C a/bicanf. 

0 :o . 

(.) 

(/) 
a. 

,o 60 
I , I 

::::> ca 
0 
cc 
(!) 

(.) 

j 
I 

10 IC.) 

'•• 
I ~ ~ ~ ! 

I f:a I I, •••• I I ' It . I L • ii 

I I 111, ! 111 II -, 
I I 1111 I : I I 11 ,i 
I I '111 I 111 II I 
I I II : I : I I I. 
I I I I I. I I : 11 
I II I I 111 

I I II I 11 11 • I f-~ 
I I I 11 I I 

; I II I! I I 1' I 
I ii I I 111 I I - ai 
II I ii 11 II I 11 

:! ,1:' II I I _J 
1 I . :i I !: I I; 
I n I I ,I l I 7 

I! 1'1 1 I'll 11 N 
ll'l I I 111 I en 

I I.I' I, 'II_, 
Ill I 1111 I I 

I I I I ,II I ,I 

,Iii I~ I ii ;1 .1~~ 
1111 · 1 I I , 

l I I l'l 11 17 
i l I I II ti.I I 

1 I I 111 !I I _Ju 
I Ir I I I Ii 'l 
I II II I : II II I 
I I I I I II 
I I II II I I . 

Figure 9. Dendrogra m anal~ ,is of C 11/bica11s EcoR I restrict eel D '\.-\. 

(.) 

<I) 

cc 
Lu ,_ 
(J) 
::::> 
..J 
(.) 

I ' 

LC042 
LC099 
LC008 
LC083 
LCIJ0 
LC!00 
LC00I 
LC009 
LC006 
LC063 
LC075 
LC097 
LC093 
LC002 
LC018 
LC026 
LC038 
LCJ93 
LCO0J 
LC173 
LC190 
LL040 
LC125 
LCl61 
LCI39 
LC055 
LCl•l3 
LC082 
LC148 
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IJ "' 100 
111 1111111111ln,11 111 

11 I~ 11 1111 I II LC0I8 
I ! 11111 1111 I II LC026 
111 ~ II 1111 I 11 LC038 
1111111 1111 I 11 LC063 

111111 111 I 11 LC040 
11 I 11 111 I 11 LC055 

Figure I In. Dendro~ram anal)sis or EcoRJ re trictrd Di\A from Patient D. 

T 13 ,0 It(! 

' ' :m'mr:::I 

L 

I I 11 I 1111 II 11 LCO42 

I I 111 1111 II 11 LC 099 
I I I, 1: 1111 I II LCOO8 

I I 111 1111 II 11 LCO83 
I I 111: 1111 1111 LC13O 

I II II 111 1111 II II LC I 43 

I 11 11111 111111 11 LCOO6 

I 1111 I Ill I 11 LCOO1 

II 11111 1111 I II LCOO2 

I I II I! I 11 LC082 

Figure llb. DPndrogram anal)sis of holatcs from Patients R 
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3. 10. C!t.\l:~: iTIUS\ 110"-0I· \(;JUH l'OF \l\t'l{ALC. 1/.WCil \.\' 

ISO l A l l~S. 

I he phcnot,p1cal charactenst1cs of 11 strnm<: \\h1ch onh parually hybriLhsed to p1nbe Ca3 \\ere 

1mcsugnted ll,esc m·,lates did not as inulatc 2-kctoglucomttc ( 2KG ), L-arnbmosc I ,\ra), n-x, lose 

(:,,\1), o.-rncth}l•D glur isidc (\11)(,), ccllobiosc 1C'l:LJ, lactose Cl.AC) melezUo<;e C~II.Z), and 

raOinosc ( R f· 1 All of the 1s0l.1tcs ,, ere germ-tube po41tl\ c, dark green on Chromaga1, and 

producell i:1lldm)do~pore, upon culturmg ,in < ornmeal agar (,,11h added 1°0 hH·cn 80) lhc, .. 

chardcten~11cs a, e t, pu . .il o ·I· afh1, am isolates The thsk-d1tlus1011 method , ieldcd ..:ode I 00400. 

000406 or IOi40!, \\htch 1dcmified these isolates as r· o/h,c "" I he isolates ,,ere therefore 

1<!cnt1lied as C alhu r:11\, based on gcm1 tube production. the colour on Chrornngnr and disk­

d1flusion code 6. al hough thl' API codes did not confo1111 10 kno,, n :;pecics of the genus r·a11J1d,1 

( I aolc 26) I hl' < • (dh1ca11\ species spec1tic probe Ca3 h}bridi,cd v.cakly w approximate!} 6 bands 

of D'1A (l-ig 12) 

Tahir 26. l' h t>11•>l ) picnl r 1rnrartrri~ tir of a gruu11 of Ill) pir:tl C. 11/hic11m isolntrs. 

ISOI.ATI: I API conrs i: nn com~, Colour on Chromagnr 

-- -

1 

I.C49 6377134 120406 Dark g,een 

l.(' 89 6'i76134 6172114 1014 b Dari,.; green 

IC 71 2172134 103406 Dark g,cen 

LC% c,i,72 134 6'i71 134 000406 oa, k grCl'n 

1.C 104 z,;1: 13.i 6176 134 100406 Dark green 

LC I :6 6172 17--i 2"76 174 100406 Dark g1ecn 

l.C I. 2 6172174 10040() Dark green 

I C I-IS 2172 IJ-l 1O04On Dark r:-ecn 

I.( 1-1 6172 13-, 6,7213·1 000406 ') ,k ! rcen 

I C IS, 61-12 1:-4 ''i" 100406 D.irl- green 

IC 192 6172134 I ()Qt 0<· l.,gbt gu.•cn 

--- --
ls('IIIIC~ \\CfC Jested ,n d1111l1cn1c AP' ,1ss1 •11ln11r,1 profttcs tire 11n~1.1tdc 
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1 2 7 8 9 10 

Figure 12. D\',\ profiles ofa group of:UH1irnl C: 11/hic,111\ i,ohtte,. 

L.111c I , ,1/hum1, 1f5lA 1111h 11 11pK,1l C.1l lnhmli1,111c111 JJ;lllcrn off 11/h1eam , ola1cs I me< 2-10 IC 14 71 
% lo~ I 12 I-IX. IXl -19 !!' 
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Figure 10. Southern blot of C. albicans ONA probed with Ca3. 
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Cit \P'I El{ FOl ·n.. DISCl SSH>~ 

Oral lcs1oi:~ \lCtnrcd in c1 h,ph percentage (72°0) of 1hc pc1t1ents 111clu•ted in this stud} Cand1dosis, 

\\hidi hc1 1,ccn ll'!)oned a~ the most frequcnth oc.:urring oral ,nfcc1101, in patients ,,ith 

hnc111atoll)g1cal rn.ilignanciC's 120; 1 rcpresenteu 44 S0 o of thl' oral lcs1< ns 1r ,1•1s s1 , h grv11p ( Table 

prevalent (45 81" ol cl1mcnl manifcsrntion of oral cand,dn ,s in our stud,. ,,hilc 45 87° o or 1iie 

incidents of 01al candidosi~ manilcMed as combination~ of Cl)thematous, pscudomcmbranous 

cand1do:;is, angular chcilit,s nnd rhomboid glo:.~iu~ ( J'ahlc 11) Result~ from a studv by Childcr:. and 

ccHHirkers 1237) sho,,ed 1hat the incidenee of ornl cundrdosis was sig111iicantly hight:r in A\11. 

patients 1han J\l.l patients The authu, . therefore, suggested that A\fL should be considert..'ll a risk 

focwr fer the development of oral cand1dosi The) ascnhcd the higher inc1dc11cc of oral cand,do 1s 

to the poor progno)IS of \1\11 and the more se,ere c,totox,c treatment reg1111cns of these patient 

In the pre ent stud~•. the numher of Al\11. patient. 181 ,,ho de,clopcd oral cnndido is, ,,a ju t 

l,ghth lughcr 1han the number of Al.I. patients ,, 1th oral candidos,s (5) \ highe, mcidencc or ornl 

candrdosis nl.o occurred amongst ,\\II. patients ( 16) 1h,rn ,\I.I. patien1s (8) ( l'nhle 10) 

Re uh:. from pre,,ous studies (218, 23(), 240) prmt..-d that ornl infections in patien1s receiving 

C) totox1c therapy can he reduced bv proper oral ca, e in the form of antirnicrobi.d oral r in:.l'S, as \\ell 

ns sy,te111ic and topical unt,fimgal proph,l,1:i,;1, 'I !1c p,111cn1s mcludcd 111 1hc pre,cnl MUU) did not 

recei,l• spclilil' 1opical 1cg1mc11s during lhe stud) for the pre,cntinn of ornl candidos,s A lar.ge 

number ( 11 p,1t1cn1. 01 -14 3° ol of the patients .1ill manifc~1ed ,,i1h oral cand11Jmb in spi1e of 

s, ,tcmicnll! adrnrn1~tercd kctocnnazole ( I.1hle IO) 

Cytoto\lC thl0r,1py mcren~cs the risk to de, clop oral intcction~ due to the lo~s of salivary lg,\, 
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reduced !-l1h\ al'\ llm\ t 241 ,242) ~nd the 11np:111 ment of the pr otCCII\ I..' sah\ ar, peroxidase S) stem 

(243) l he snli\Uf\ pcrox1d11scs ttsclf arc not affected but the :.\ ,tcm ca•1001 function propcrlv due 

to dccrca,;ed lc,cls of thioqanatc dunng cytotoxic therapy I he udnumstm11on of anubmtic 

proph\lax,s during chemotherapy leads to u change m the oral m,crollora. ,,uh mcreascd numbers of 

orgamsms uch as Grnm-ncgative bacilli. .\taph;kx·u,c11, Cllln!tl\, and Cc111d1da alh,wm (244, 245). 

thus rncrcasing the risk for the dc,dopmcnt ofmfccuon 

Oral 1 '1111d11/a species \'.ere i.olatcd from the oral ca, ,tics of 86 2°0 of the patients included m this 

stud) ( !'able 12) Th, rs comparable ,,uh the prevalence of bct\'.een 70 - 92°0 found in other 

studie, (2<,, ':.7. 241) Some of the patients m the present stud) carried high numbers of oral 

c 'wultdu, with \e11~1 concentrations as much as I x I 06 cfulml of nnse Epstein~·, al ( 181) proposed 

that vcast numbers higher than 400 cfu1rnl indicate ocu, e mfcct1on, rather than Just a earner slllte In 

the present stud) . 11 "as found that onh• ~8 3°;o of oral rinses ohtaincd from patients presenting 

chmcalh \\ith candidosis. had oral Candula concentrations higher than 400 cfu/ml (Table 16) The 

rinses (29 2°0) that contained less than 400 cfu1ml of nnse (or no C'cmdula at all) could have been 

mfluenc1.:d b~ the fact that these patients also had oral lesions other th:m oral candidosis and, 

therefore ,,ere not cager to nnsc ,,uh the ·alme nnse 

\arious Ca11dula species ( fable 13, 141 and(' alhuam biotvpcs (r,g 8) \\ere found in this stud/ 

group C C1lh1cam ,,as the most commonly isolated species and was also invohed in the majority of 

mfcc1ions ( I able 17) f'he ucccss of(' olb1cam as n commcnsal 1111d n pa1hogcn is 1clated to 

various ,1rulencc factors, such as the ability to adhere to epithelial cells (62), the ability to form gem1 

1ubl's and h)phae (71 ), the presence of membra11c-damag111g prolcases (62, 63, 65) and morphot) pc 

:.,,itching mechanism~ 1751 P.~,iou~I\ . i1 \\l!S found that persi51enl Cwuhda intedion 1s nssoc1ated 

\\ilh 1hc presl'n(e l,fmuhipk· hinl\pes ol (' alh1w"' , some 11f\\hll'h clfC more dnn11na111 ( 190, 24~) 

than other.:- Brot)pC I ,,as tilt' mosl prevalent ~tram of C ulh1tw1, rn tlus stuJv, representing 

46 94° o of,~ ,1/h1n111, isolates (hg 81. ,1s \\Cll ns 13 ; , 0 o of the c· (1/htHIII\ i olatcs from 111fcd1on 
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( !'able 18) It is l,.n1mn that morl' prc,,1len1 ( · al/>tnfll\ strains ,He more ad1:1ptablc ,tnd more virulen: 

than less pre, alcnt strains , 246) 

Other ( ·wultda spp isolated from the patients included < • g/e1hra1u. < •• k,me,, < · f/O/l/!'a/1,, and < • 

g111//1crmu11d11 The inc,ca~ing imohemcnt ore ·a11,/Jcla ,pp . other than C 11lh1ce111, \\as first noted 

after the appearance nfthe 11✓ole drug,; and inu·c,N:d e,c1 ,mcc ( I<>) It ,,as thus not ,urp1bing 10 

find that < '. glahrata represented 21 8°0 of the isolates from infoctions .l\.lore than one species or 

Candida were isolated from anrroximatcly one-third of'the patients wllh oral candidosis (Table 14) 

A small pen.:cntage of i~olates exhibited atypical substrate assimilation paucrns with the AP! 20(' 

Aux identification system (Tables 11}, a finding that has been described before (247) Some of these 

isolates closely resembled C a!htrn/1\ in its ability to produce germ tubes, chlamydospores and the 

appearance or gt een colonies on Chrornag.11 c 'a11d1da I !'able 26) l hesc tindings suggest that the 

,\Pl :'.Of Aux system ts limned in Its abrlrty to 1dentih• all yeast, isolates 

It ha\ been reported that prolonged exposure to antirungal drug, such 1s tluconazolc leads 10 drug 

resistance ( I 0<1, 170, 172) Goff L' I al ( 168) described the de, clopment of lluconazole rc~istance 

without prior exposure of clinical isolates to the antifungal drug The majority of isolates in the 

present !>tudy exhibited intennediatL to high t-.lJC values for "-etocona1.ole (Table 15) As systemic 

kctoconazole was gi, en pmphylactically to most of the patients, one can assume I hat the prolonged 

exposure ltl the drug v.as responsible for the high :\11(' ,alues Howe,cr, as the clinical significance 

of rn-, itro .intrfungal .~en,Jti, itv te,ting 1, ,till a mHtter nl rnntro\ers, . ,,e shnuld he careful to draw 

an) conclusion, from thc,e re,ult, A la111e number 01· "olate, in tl11, ,tud~· \\l'rc inhibited at 101, 

doses of tluconazolc, possibly because the patienr, ,,e,e not exposed to the drug )omc of the 

isolates exhibited high \11C values for fluconazole A~ cross-re~istance to azoles by ( 'rmc//da ,ms 

prc,iou,I) reported, especiall · bct,,een tluconazole and ketoconaLOle (170, 171 , 177). it should be 

considered ,1s a poss1bil11y for the obsened 111 \ itrn rc,istance to lluconazok· 
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I he present ~tuJ, in, e~tigat.'ll tile 1,1cno1, ptcal rclatcdne,!> or 29 om! C a//11d11,, 1,ulatcs 

Dendrogrnm anal s1 d1v1dcd .l:~.e ,:.ol,116 11110 l genetic groups of close!) related trains, cont11ir11ng 

::! J .ind I cluster:- of1dcnt1cnl 1:;olatcs rcspcc11,clv \ddnionally ten unique(' ,,th,,w,, gcmmpc. 

\\luch \\ere d1,t11hutcd 11mongM the d1tforcnt genetic groups. \\l're identified 

We ha,e found that the genotypes ofC olh1w111 isolates from 4 patient~ \\ere idcn11cal 10 each other 

and remained unchanged during the tud, period, ,, hilc the 1~ola1e~ from J other patients diflercd 

gcnct1call:, from each other l\,o of the p,111ents \\llh iden11cnl 1:;olatc~ manifc~tcd \\1th oral 

candidosis ut each visit (t,,o and four time, re~pectivel)) lhe kctocona;,olc ,\11C values of their 

isolates ,,ere I 6µgiml or higher. md1cating in vitro resistance to the~e d1ugs I hcse mo patie1,ts 

,,ere also treated for diabete:, and cinhosis of the h,er, re,pccthcly f'he patient ,,ho suffered from 

li,cr cirrhosis, did not receive ,tnt1fungal prnphyla\is dunng tin~ study period It \\as therefore 

surprising to find such !ugh ~flC value:. in the isolate~ from this patient Unless the patient \\as 

expo ed to kctocona10le hefore he w11-; included in the present studv one will have to 11 su111c that 

re~istance de,clopcd wnhout pnor exposure 10 kctoconazole, 11s was pre,1ously described for 

tluconuole I I 08) 

!Ill' diabetic pa11cn1 recei, cd :.,s1em1c kctoconuzolc thernp} throughout the Mudy pcnod, as \\Cll as 

topical nystntin prior tn the last , 1s1t In !C.pite of the treatment the patient 1111 presented with 

combinations of pseudomembranous, ervthcmatous and angular che1liti~ during the ,tud) period, 

~ugge,ting that the dnigs \\ere inefficient in the complete prc,ent1un and curing of the inlcction The 

patient \\ 1th h, er cinhos:, carried , · ~lahrata and (' t1lh1u111,, while the diabetii: patient carried C 

olh,"111, , , · j;loh1t1/11 and c· ""!"'"'" lhl' c' glahrata tsl)iatcs of these patients \\ere 1111, ,,ith the 

c;-xccp11on oflHlC.'. ~cns11iH• Ill kctoconazole \,hilc till' C lflJ/'l<'a/1, isolates \,ere rc,i,tant, \\ith MIC 

,aluc, of lh11g,111I and higher 1~11 kctocuna7llle 

~1ult1ple gcnot,pes ofC alht(wt, \,ere found m another l\\n paucnt~ ( l'ablc ~4. 25) Both patient'> 

sutlercd from mul11plc epi ode, ot' orul cand1dos1~ 01,c patient recciH:d -.vstcmic I llOcona,olc 
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therap\. topical amphothenctn B 1,catmcnt and. on a few occasions. also chlorohexidine I he other 

p;111ent 0111\ rccci\t~d vaem,c kctocom1;rnlc \.inou, factor, might ha\c plaved a role III the 

1~olatio11 of different genot\pc, <,enctk changes could ha\c occuned clue to expo,ure to the 

ant1fungal agents \ltcrnnt1\cl, . the nnlltungal th.:mp, could ha,e been responsible for ,iratn 

rcplacemcnl ofkctoctma1.0lc ,ensime ,trains b, mmc adaptable (pos~1hl\ more \Hulent }) stmm~ It 

i~ also poss1blt · 1hat multiple genotvpes \\Crc present in 1he oral cavil), hut bccau~c they appeared ns 

identical phcn0types the) \\ere eliminated by the sele~tion of a single colon) dunng the primary 

subculturing proces, I astl), 11 1s also possible that \'anation in the degree or faoRJ dige tion of 

DNA riight le-,d to the appearance of iccntical isolate:. a:. ditlercn: genot) pes The clonal origin of 

:;tra:n~. i ca ~mgle ~tiam that ur:dergoes evolution to produce a gcneticallv different progen) (248). 

as ,~ell as r,tr,1in repla,'!ment (24<>) haH' been de l' ribt•d prc,iously Although more experiments are 

11ecdcd to confinn 11·: source of the d1flclent genot) pes in the present Mudy, it would seern that the 

wtTe -cnt genr,typc:. from pa11ent R can be a~cribed to the fact that multiple ~•ruins \\ere pre cnt m the 

patient It is pos ible that the one :..train at a 11me were selected dunng the primary subculturing 

process, thus explaining the mcon 1stent presence or strains The fact that 3 of the 4 unique strains 

had a completely different :\HC profile compared to the identical strains. suggest that more than one 

r. 11/h/Cam tram ,arinnt ,,as present lhrec of these unique strain~ ,,ere also classiticJ as ditkrent 

bmt}pe, 

In the ca~e of patient D (T,1blt- 251, 11 b possible: that e,olution ot'thc ~train . 1rain replacement. or 

ehrrnnatmn or the isolate~ {Jnng the ~ubn1lt11ring process could ha,c oi:curred Po\sible strnm 

replacement is suggested by the fact that a new kt>toconazolc ensitt,e gcnol)pe (~11C ofO .5µg/ml) 

appeared only afler the tem1ination of antitungal thcrap) in the mentioned patient It is pO!,s1blc that 

kctoconazolc therapy caused thi: disappearanct• of the kctoconamh: scns111vc genotype. thus 

c:-.plaintng its earlier absenLe It "as fun he, noticed that the ~11C , alues of the fir st gemm:pe, aried 

m the presence and absence ofJ..1.:t<tconawlc, indicating that the strain adapted to smYivc 
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Ahcma11vcf\ one can argue tha1 the uh.,en ed change5 m kc1oconaz.olc ens1m 11y could be related to 

1he appearance of a ne,\ geno1vpe It 1, 1mponam to no1e that pa11cm D had no tsr-1: e of C 

<llh1rnm during the first \1 11 It is thus po s1ble that C alh1Cam \\BS acquired dunng the study 

period and adapted 10 un1,e m the pre enre ofketoconv.oJe, C\Cntuall) changing JI MIC profile 

and ge1101, pc as a result of the cm 1ronmental pressure f\s the last l strnms of i,a,ti;nt P differed 

1\enc11call, from each other. 11 ,s possible 1ha1 more 111an one tram de\clopcd finrn the original 

isolate 

The presence of multiple C cilh1ca11., genotypes to a specific bod) hcat1on has been de!-eribed before 

by i\lathaba et al ( 190) and 'oil t'/ al (250) Jn the studv b} Mathaba t'/ al ( l?0), JI was found that 

genetic groups of close!) related oral isolates contained strdms from more than one patient, sinular to 

the re ults of the present study Cl able 22) Schmid N al ( 82, J 26 ), found chat C alhu,,1,u isolates 

from a group of1mmunosuppressed. hospnalised patients \\ere closely related, in contrast 10 samples 

from non-ho puahsed comrol pa1iem. Accorchng to them. 1h1 1milc1nry could be due 10 

nosocom1al transfer ofCa11d1e/11 V'/1 Although rhc isolate m the pre em 5tudy \\ere related to each 

other a more dci:iiled tud\ needs lo be undcnakcn before ,,e can come lo a conclus1on 1mllar to 

rhar cf Schmid l'/ ,,I uch a stud\ \\ill add1c.s influencing factors uch as hosp:ral personnel and 

their conr11c1 \\llh pat1enrs. period of patient ho.p11alisa11on and sune11lance cultures of the hospi1al 

em1ronmenr ,., rhe close proxim11} of the patients 

Eleven i olates h\bndised \\eakl\' 10 the C alb1cc111\ ~pec1es- pcdfic C'a3 probe. even though the 

1 ola
1

es \\Crc phenol\ ped ri. C alhl! am, due to the nbrhtv to p1oduce germ rubes, chlamydo pore 

1111.: .. ~recn p1gnwn1 on Chroma,gar C multcla l·l\c of these isolate \\ CH' from a ingk• paricnr A 

s1xrh I olatc frc,m this patient prescnrcd \\Ith 1he normal I,; • 2,; band C'a3 protilc vf C alhua111 

rh1s "normal" r alhuam isolate \\as onlr found once, o·•ring the parrenr's ccond period of 

ho. p1:al1sat1on It disappeared again afh.-r a few \\eeks of sysreir.ic t: .. h>conazolr prcohylacuc 
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Vanous research \\Orker~ described ~,milar 1solaks \\l11ch h\bnd1~e<: \,cakl) to Ca~ !82, 2'il, 252, 

253) I hcse authm, d1tfored in thm uhsequcnt class1tkation of the isolate~ Scmid t!t al (82) 

described their isolates a:, non-alb1can < 'a11J1tla. \\hile Boerlin et al I 2,;3 l eta, ilicd their isolate. a, 

C alh1m111 on grou11os of their ab11t1, to produce gen11tubc, and chlam)dospo,es In the present 

tud\, these at}p1cnl isolates. as described above. presented \\tth ,\Pl codes that started with 6142, 

21 72, 6172, 633 7, or 25 72 The disk-ditfos1on code:. \\ ere en her I 0040/J. I 03406. or 000-rno. all or 

\\ hich arc t\'p1cal C a/h"""' codes rhc,c i,olate, did not a,similate 2-ketogluconate. L-arabmose, 

D-,\IO~e. rt-mcth}I-D gl11cos1dc, cellubm,e, lallo~c melc✓Jtosc. and ratlinosc Some of the 1sula1cd 

did not a:.:.1milatc trehalosc ,t~ \\ell 

Recently a ne\, speul:S, \\ hich resemble C alh,cw/\, was de. cribed b) Schoofs ct al (253) and 

Coleman~ ct al (254 I !he e isolates, named < • d11b/1111eml\, present with t) p1cal C a/h1cw11 germ 

tubes and are chlamvdospore pos111, e C. d11bl,111e11.111 isolates arc distinguished from C alh,c:am on 

Chromagar Cwultda by the producuon of.! dark green colony and atypical API profi ;;.:, rhese 

i olates h\brichsc \\eakly \\ith the C "/h1cam species-specific pmbes Ca3 and 27i\ Although 1he 

at\ p1cal isolates m our ~tud\ h,l\ e similar charactcnsucs to C. c/11h/1111em11. more te ts need to be 

done Ill 1de11t1f} these isolate, as<· duh/1111,·11'11 

Results from the rre,ent stlllh shm\Cd that laboratory idenuticatmn of l'mlatcs a.(' alh1w//l, based 

olelv on i1s ah1lit\' to prmiucc germ tubes and chlamydospores, could lead to the mcorrect 

iden11ti..:ation of I• c/uh/1111<·11,1, 1111d isolates ,i1111lar to 1he one:- a~ d1,cu scd abO\c I he use of 

Chromag:tr C ·a11cl1cla 11nd meth) !blue Sabouraud de,trose agar ( 251. 254) could aid in the 

dl',crimmation of 1hcsc at) p1cal i~olates from C c1/h1wm 

Pre\lous s1Ud1l•~ repl1ned 1he absence llf pseudoh\.rhae in ,meah (1f a ,mall percentage lit' patients 

\\ 11h oral candid ,i, ( 2 • 5,256 2571 In the pre,ent ,tud) . a le\\ ,me.tr, from patil'llh \\Ith cl111icall\· 

diagnosed candido,i,. wntained no p•cudoii\phae or ~rore, r l'nhle 1(,1 One of thc,I.' negatl\e 

,mear, ,,as obtained tiom a pauent \\llh a \\ell-defined rhombrnd glo,,111, 1 his pati .. ,n received 
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treatment \,ith to1 ·al amphotht. :,:"ri 8 prior to sampling It 1s pos~ible that the antifungal treatment 

successfully remo, ed ( ·a11d1da 

It is known that health)- people v.ithout 01al candido,i:, can ha,e C ·wul1da pseudohyphae in smears 

from the oral cavity (24 . 258) However. the presence of numerous pseudohyphae in smears of 

i1,imunosuppressed patients shou!d be investigated as these patients are highly p1 edisposcd to the 

de, elopm~nt of oral candidosis In the present study it was found that smears from two patients had 

pers1stentlv had numerous hvphae and/ or :.pores in smears, even in the absence of oral candidosis 

These patients each had multiple episodes of oral candido~is One can hypothesise that oral 

candidos1s \\ as present in some subclinical form "hen smears , ... ere positive in the absence of clinical 

symptoms 
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Cl I APTER Fl \'f:. 

\ rel.ui,ch high percentage of patient, m,1n,fested \\1th oral cand1dosis. C\Cn in the presence of 

s, ,1cm1calh ad nm1stered ~ ctoconazolc 

.... A high percentage of the JMlient \\a~ culture pos1tl\e for oral <"ml(/ulu, \\111' (' alhw:1111 a the 

mo t pre,alent specie. follO\\cd hy r glah1a1a. C km1,•1. < •• tropuah.1, C x111//1,:m1m1d11 and a 

numbc1 ofuniden11ficd isolates 

3 <, alh1wl/,, spec1lil:all\ H1ot,pe I, wa~ responsible for the ma1ori1, ofintections 

4 I he emerging pathC'gen. < •. 1:lahm1a, was 1mohed Ill a large number ofinfoctions 

c; \ppro,un,11e1, a third of thc pdtient presentm!! \\llh ornl cand1dosis. carril.'d l\\O or tl>rce 

Cc111d1da 'PP in their ornl ca, it1es 

6 A high percentage of patients earned isolates \\luch exh1b11cd high ketoconazole ~'!IC 1.alues. 

probably due to prolonged exposure to the drug 

7 I he majorit) of, olares \\Cre ~ensiti1,e to tluconazole. probably due to the fact that thc,e patient~ 

\\ere not e,po~cd to the drug 

S I he 1den11tication methods empln)ed m the ore ent study ,,eri.! not sufficient to correctly iJcn11(v 

all clinical I olare, 

9 I hree genetic groups of C crlhtcam \\ere identified ·ome pa11cnts had i<lcn11cal strains of C 

ulhu.,m,, \\ h1le others presented \\ ith multiple genot) pes in the oral ca, it) 

IO r he pre~cnce of genet•calh• ditlcrent ~trains in one p.111ent ,an po~~ibl) be ascribed to str ,un 

replacement ofketoconazolc sen. t1i\e strain~ b) moll· re,i,tant strain,, or altema11,cly, to gr.netic 

change, I hat 1KcurrcJ in the onginal 1,ola1e as a result of ant1lungal therap) Additional!), it i~ 

poss1hle 1hat patrents carried more than one ,tram oU: a/html/\. n, i, :.uggc,ted b~ 1he dilforent 
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an11fungal profile~ 

11 Isolates 1i1at produce gcr m tubes and chlan,vdosporcs. dark green colonies on Chro'lmgar 

1 ·a11dulu, as \\CII .is atypic.ir A Pl prntik·s. arc nut C ulh1w11\, as these rsolntcs' 01\A h) h, idrse 

\\cal,:h, 1\ith th:: C' alh:cr>111 species specific probe. Ca3 
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REAGESTS A~D ~IEDIA 

I. ISOI.ATIOl" A~D IDE~TIFICATIO~ (iF CA~DIDA FRO~I CLl~ICAL 

\JAIERIAI .. 

Pho,1>hate hufTrn•d ,alinr ('1rrc~) 

Prepared a~ descnhed oy the manufacturer 

Sabou1 aud-Df\tro,r IIJ?ar (Oxoid) 

Ingredients 

\lyrnlogical pcptonc 

Glucos• 

Agar 

IOg 

40g 

ISg 

Dis ol\c 65g of prepared dry media rn suflicient \\ater, fill up to I litre Sterilise and pour in 

Pagano- l.e\'in medir. (Difeo) 

lngrrdirnl\: 

Aacto Pcptonc IOg 

Bacto 'frast extract 40g 

Bacio ,\gar 15g 

t0 I htre Sterilise b) u11H11:la, 111g the media ,rt 121 'C for 15 minute~ ,\dd I 0ml of I% 

tr1phenyltctrnzohurnchlondc to till' medm, ,,11 .. ., it,, sutticrently rnolcd do\\n. Pour 111 Petri 
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:\last ID Chroma~ar ( amlic/11 

Obtained from Mast D1agnosttcs 

One sachet of prepared media is dissolved in I 00ml of distilled ,, ater The media is heated to 

100 "C, ,,1th constant stimng. until the agar is completl'iy dissohed Pour into plates :--.'B 

J'his media must not be autoclaved. because it contains an antibiotic. 

Ingredients: 

Peptone lvg 

15g 

Chloramphenicol O,Sg 

ChrornrJgcnic mi, 22g 

lluma11 serum 

Obtained from thr Dept of\Jedical M1c1obiology, Tygcrbcr~ Hospital 

The ,erum ~\as aliquotcd into 500µ1 quantities and stored at -::!(J'C u11•1l lC\.Jl t 

Disk Diffusion Kit for the identification of yeasts 

Obtained from the South Afncan Institute of l\ledical Research 

API 20C Au:\ and ID32C 

Obtained fro111 8 10-\lcncu,, Marey I 'Ftoile, france 
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.'.\licrohanl. 

Purchased from \hcopla~ma lntenrnt•onal 

2. !\IEIH \ FOR TIit: [X IRACI 10°'\ OF D'°,\ I· R0\I \ L\~•·• S 

N/J. , Ill mctliu were prcp11rctl in ,J,.ioni,etl ll'lltcr. 

\ 'PD Broth ( Difeo ) 

Dis ohe 50g of the media in 1000 ml of\\Jter D1,1dc into 20ml aliquots 111 'iOml 

pol\propylene t.1tc 1\utocla,c at 121 'C for 1, minutes 

I ngrrd ien t~: 

Baeto \'ea~t extract IOg 

Uacto pcptonc 20g 

Hacto dcxtro~l' 20g 

Sorbitol. 2,\1 

Dissoh ,b,•B4g of sorb110I ( \fr I !12. I 7g/lnol) in I 00ml of deioni~cd ,,atcr Stcrilis:: b~ 

lilt ration ,, ith n O 45 rrncron lilh.r 

I .\I EDU storl. solution 

,\dd 3 72 2g or ED I',\ to appro,imatcly 800ml of \\liter Adjust the pH to the app1opriatc 

pll till up to llit1c ,,ith ,,,11cr and autocla,c Ill ~tcrili,e 
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• . • t 
- - . . ' 

" . . 

ZJ mol)-,He buffer for dieest io1t of the cell \\',Ill 

-\dd wgct her 

~Oml of2:\1 Sorb11ol (final L I :\I) 

5ml of I ~1 Pota,,iurn phosphate, pH 7 5 ( tinal c -= 50111\1) 

5ml of \1 ED I,\ , pll 7 5 I linal c ~0rn:\11 

100µ1 ofheta mcrcapto ctha•·•.>l (tinal c O 1°0 \\Iv) 

Fill u11 to I 00ml \\Ith .,,crilc \\Bier 

I :\1 fri,chloride. pll 8 

Dtssoh c 121. lg d Tns base ( 2-,unino-2- (hydrox) rnc1hyl}- l ,3-propandiol) m v.atcr Adju'>t 

the pH of the sol11t1on to 8 b) the addition ol llCI l·rll up to I litre \,ith water Sten'ise bv 

TE, pH 8 

Contain~ 10111\l 'lrischll>ridc and lrn\111iTA 

Add together I 0ml ofTris-chlortdc ( I \I, pH 8) and I ml of 1.\1 l:IHA, 

pl I 8 AdJust to I litre with \\ atcr 

1.) mol)llSe 20T. 10 mg(ml 

Obtained from [(';,-_ Uiochcrnrcals 

Di~sohc 10 mg of the plm<ler in I ml of 1\1 sorhitol U,c \\ithin mo \\t.:eb time 
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to 0/4, (,,/-~) Sodium Uodec~I Sulphate (SOS) 

D1ssol,e 100g of SGS in l 000 ml of water 

to mg/ml 0 roteinase ~ (Sigma) 

Dissolve 50 mg in 5ml of,... ater Store at -20 "C 

Proteinase h: buffer, IO x conccntratc:t ~O. l 1\1 l ri,·'110, 11fr, v.OliiM EDTA and 5% SOS) 

10 .... - · ,M Trischloridc solut10:i. pll 7.8 

5ml ofC,51\1 EDT,\ 

50ml of 10° o SD!'I 

Fill up to I 00 ml with water Sterilise l .utuclaving 

t'ancreatic P.~A.1se, 13 mgiml (Si~ma) 

Dissolve 10 mg of K '\ .\,N' :r. t ml of Tri~;:hlw1de, pll 7,5 

Boil at I vc C for I c; minutes to inactivate the i\ssociated o:--:Aase activity 

Store at -20 "C 

Sodium acetate (3!\1, pll 5.6) 

Dis~c,lv:! 24 612g of anh) drous ~odium an•tate in approximately 70 ml of watc1 Adjust pH 

to 5 6 v. 1th glacial acetic amt Dilute to 100ml ft her through a O ➔"., filter Store at room 

temperature 
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3. MEDIA 1-'0R THE ISOL,\TIO~ OF lUCfl:RIOPIIAGt' A~D BM'lTRIOPHAGE 

D:\A. 

20% :\111ltose (Saarchrm) 

Oi',olvc 20g of maltose m 100 ml of\\atcr Filter ,tcrilisc \\tth a 0,22 micron Whatman 

lilt er 

Luria-Bertani Broth (Difro) 

Bacto l"I) pt one I Og 

Hacto yeast extract 5g 

:--aCI IOg 

Broth prepared a~ described hy manufacturer 

Luria- Bertani agar 

Add 15g ofagaro:.c to unsterilised LB broth ,\utocla,e and dispense into plates 

0. 7% Agaro" in LB (top la) er) 

Add O 7g agaro~c to I 00ml of LB broth Sterilise b) autotla, ing 
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S'.\1 bufTt•r 

Ingredients: 

~.1C1 

:\lgSO~ 

5 8g 

2g 

50ml of I !\1 Tri,chloride. pl I 7 .5 

'iml of 2° o gelatine solution 

LJ1s,oh c and make up to 1 litre Stcnlt~c b, autoclavm!-( 

CaCI:, 1.\1 

Oi~sohc 54g ofCaCl2 611 10 111200 ml of\\ntcr Stenhsc by filtrnt1on through n O 22 nucron 

filter 

75% D[-52 Ion uchanger 

• ur 1-=ig of the p1C-S\\~1llen Db\l: ccllulo~c 1011-cx.:hanger into h,drochlonc acid until the 

pll is 4,8 Slo,,1} .idd t\aOI I until thc pll i~ o.8 \-td I B oth to the ~tum and stir for I 'i 

minute, Allo" the slurr\ to ,c11lc Decant all excess! 11d stir on.:c ng n \\ith LB broth 

until the pll of the buffer and the ion-c,diangc1 arc 1den11cal I.ct the slum settle, decant 

enough liquid otfin order that the remaining liquid and resin constitutes a 7'i
0

o slurry 

1)1,sohc 20g of:>EG (S1g111,11 in enough :".\I :\aCI, till up to 100 ml \\1th ~uC'I 
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' • I • . ' . . . .,.._ t 
~ ' . . 

0.1 % Sodium a,ide. 0.3%, gdatine(\\ /,) 

Dissoh r I 00 mg of azidc and ,QQ mg of gelatine m I O(J ml of\\ atcr S1erihsc by 

11u1oda\ ing 

5%, Cet) ltriammoniumbromide (CUB), 0.5% XaCI (~/,) 

ui,sol\c Sg ot'CTAB (.\fcrcJ..) and 500 mg of NaCl in 100 ml of\\ater 

Ois~oh e 6
1
),2g or ;-.;acr in ll11rc of\\ a1c1 S1crilise h\ 11utocla\ ing 
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4. RI: ~GE",T~ FOR RES l'RIC'l 10,\' FRAG,\11:\'T Al\AU SIS ANO 

11, IHUDISA I 10~. 

10, Tri\l'hloride-taurine-t:rn;\ (891.Srni\l, 288111.\J, 5 mi\1) 

1 ns base I OSg 

la11rinc (.\Ir 125 I) 36g 

EDIA 2g 

I 111 up lo I lure Stenhse 

0.8% 11g1trosr ( \'uSie, r) 

Mini-gel O g of agaro c a•c added to I 00ml of Ix I 11! 

Fingerpnntmg gel 2 4g of agarosc are added to 300ml of TIE 

J\lelt and cast gel in the appropriate gel trays 

f.thidium hromidt> ( IOrnj!lml) 

One gram ofe1h1diurn bromide po,\der 1s added 10 I00rnl of water 

Loading buffer 

0 25g ofbromophcnolhlul' 

I~! F1coll ~LIO 
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100 ml Water 

Loading buffer\\ ith '.\1arkl.'r X 

Add togl·thc1 J 3rd of\lar!...l'I X stoc!... ,nlution (0 ::!SµgtmlJ and 996 ~ti of loading bulfrr 

(prc\iouslv diluted l 3 (vfv) \\ith lFl 

Orientation marker 

Add together 5µ1 ofstcck r-.farker X solution. 12 .- µgiml ofC alhtrnns DNA and 7µ1 of TE 

Mix thoroughly and then denature the DNA by adding an equal vrlume ofT\aOH (0 4N1 

D1ssohe the follo\\lllg media m approximately 800ml of water 

NaCl 175 3g 

"-aH ,PO, 7H20 ::!7.6g 

7 -lg 

Adjust the pl! to 7,-i \\Ith 10'\ "-aOII !;ill up to llttrc and stenhse by autocla\ing 

20xSSC (JM NaCl: 0.3 M Trisodium citrate) 

l\iaCI 175 Jg 

Sodium citrate 88 2g 

Di~solve in enough water Adjust the pll to 7 with I ON Na OH Fill up to I litre of water 
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2 , SSC a. l % SDS (" a~h buff en 

1-111 up 10 500 ml \\ilh \\aH•f \utocla,c Store al room temperature 

Denhardt"s reagent 

ti::oll 400 2g 

BSA 2g 

D,s~ohe in 100 ml of,.,atcr l·iher ~,erilisc S1orc al -20 C 

ll~ bridisation huller 

To prepare 80 ml of buffer, add together 

1,6 ml of 10°0 SOS ( fin,,1 c ofO 2°0) 

20 ml ofSSPE 

1.6 mi of IOOi1 1111 lernn~ -;pein, I \ 

40 ml of "orn1un1idc 

01:ute to I 00 ml "ith stcnle ".itcr 
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( O'\SENT FOR:\1 

nw following is 1111 onmple or the co11,r111 forms ivrn to pntienh inrlude-d iu the stud). This 

form nus .,ho 1l\11il:1hle in \frik;uia, and :\ho,a. 

Consent form: 

Anne leukaemia patients rereh ing chemotherapy 

Wt> would Ii! e lo perform a thL)rough oral e,arrnnatlor. of ~our oral ca\11~ pnM to chemotherap· 

! his \\Ill c11ablc u~ to dctc1m1nc \dlt'tltcr an) 111Ccct10·, 01 cond1t10n picsent in the oral ca\ity c:in be 

allected h\ the treatment 

\\'1! also nccd )l'll to nnsc \our LHal ca\ it) \\1th salim: (salt \1atcr) and 10 spll back 11110 the container 

We shali test 11111 the laborator, frn the prc~em:c ofnm:rnoorgarnsnh l,asth, v.e shall match the 

hack 11l'yo1Jt llinguc 11ith a \1nodc11 spatula These proc~·dures \1ill be done on a .~ceklv basi~ and 

none will be hurtfi.il or harmful 

1 lu:rl.'b) agree 111 the ah\l\cmcnt11111cd l.'\<1111111atim 

~;;;.:riature: ......................................................... . 

Date· . ....................... .......................................... . . 
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Bl BLIO(;J{,\l'f I\ 

R1ppo11 I\\ \1,dical \h,0101•, 11,c p.11hogc1m. lu11g1 and 1h, p.Hhot 1.:!11, \lllfhJIII\Cdc 2nd Id 

Ph1la<1dplua \\ II S,1umkrs < ornpam ltJXK H,-~XI 

2 O,ld I C ( ·,mdula a1,d cand1dos1~ A rL"'.\ 1c\\ ,md l·1l•'1ogrnph, 21,d I d London B,ulhcrc 1 andall 

I\JKX 11 ~-230 

~ I 01 , 1 R B "i11if DI'. Hennen fl ll1s crnmah .. '<I nionih.1s1s 111 th, adl Ir \kd1c111c I %2. 11 l07-H 

4 \\ 11:•c IJ I , l:c•n~ 111.111.1g~nl\."11t of ,agm.111hn1sh PraLt1t1ona (I n:) I lJ<1S. 2 N fll<,-12 

~ , h .:, RI \ ·, .:r, I I' \o oco1111.1I lungcnua rn n l.ug"' communir, 1cach111g h(lspiral \rch lntcm 

\1~-d 1tJX7 147 .:, t '1211 

t, \k,cro,11u RI l'a1111 ( : \lien C \I lhss1:111·11.1h:d l,11td1d1:ts1 C hang,s III mc1dcncc undcrhmg 

ch,cascs .!nd patholog_, \m JC hn l',11hol 1977. r,s 2<1.lS 

7 \\ n SIi, /\Ion \I J>t.illcr \1 \ , \\'oobon Rr. \\ cnrcl RP llospnal-icquircd c.111d1d1:m1a I he 

Jtlnbut:iblc 111ort.1hh .:ind c,cc,s length ofsta1 A1ch lntcm l\kd 1988. 14K 26-12-4~ 

r, chcr-lfoch ~I'. lluh,,lgncr, Opport1m1~11c c.1nd1d1as1s \11 cp1d1,;1111c of the lllXll Clm lnfccr 

f>,s 19ll~. J. I )!l)7.llQ4 

Pt.:ilkr MJ\ l'l;osocomml fi1· a1 1nh:ct1011s I r1drn110Jog, of c.111d,d1as1s J lfo~p Infect IIJ9~. 10 

(Suppl 10) 1~9-1,i; 

Ill <; .. h:ibcrg IJR < ulb.:rµ DI I CJ,l\n,--. RI' \la1or 111,;nds m the n·1crob1:il ctl11olog, of nosoconual 

111fcc1mn 1\111 J :\k'<l I YY; <JI { lb) 72~- 7~S 

11 \g1i\cn \II I P,·arncl- JI i\lorit \J I ann" fl{ ,1 at I I,~ .11. l 11!' lac .. of cand1dc111111 

I n,crgcncc of nun-< c.nd1C"111/b1a1m sp, .. 1cs :111d ,ull1fu11gal re 1s1J11cc \m J i\kd I YW,. 11,1) 617-

62 

1.: ' I III R Harri~ c \ Small ( . ti al Or.ti cand1d1as1s III l:1gl1•n k µa11.:n1s us the 11111ml .,1a1111l':stat1011 

,, d1 .lCCjl!H xi 1111111u1K Llctk1cnc, S\IILlrl>mc :,.; I 11g J \le~ I 1d4. , I I l ,4 8 

Oppo11tm1 11c , ·a11d1,l,1 mfcwons m p:111c111 iak-.tcd ,11th human 

1111111111 od.:h, • • , ,1ni, l'rc\l.'1111011 1s\11Cs ,mu pno1111c { Im lnt .. 'CI D1 1u•1, 21 ('- 111pl I) •9q. 

10 

I~ <, :.m \I < 11111•111,1 1 1 "1
1 •,111.1 m St! < llrrLnl .. 011c .. ·p1s lr-.a1111~111 of1111i:c11011, ,1 soc1a1cJ ":th 
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I;, S.1m.ir.u1a,ak,· I Or.ti r,1hOs1,;~ 111 HIV 111h:c11on 0ml "'iurg Oral Med Oral Pathul I lJ'l2. 2 171-

1 XO 

I h \\ 111g:i.rd JR lrnport.111C1,; ot C 11ud1da othc I than C afl,1w11• as pathogens III oncolog~ patients 

( 1111 lnll.'CI t>,, 199, 20 11 'i.J, 

17 \11;11~ 1c I Opponu111,11, mh.0,1,;, 111 th ... m1mun~o111pH m• ''°'' host 1 ,pen, 1c, at .1 c..111C(• ...... 7trl 

.ind ri;,1c\\ ( Im lnt~ct 1>1, 1•192 14 S•P-'i, 

18 \\mg.ml JR. \krz\\(, Rmald1\I(, Johnson IR 1-,;arpJl ',aralR lm .. r,a~cm(and1d,1kr11H1 

111ti:1,;t1un \\ 1th hone m:irro,, transpla11tat1011 :ind ncut1opc111a trcat1.d 1irooh, la,uc ,, 1th lluconazo!c 

("ng J ~led 11191. 32'i 1.274-7 

111 llolzschu l>L PrcslC) Ill.. \111:11111:1 1'1. Ph.,ff Ill ldc11titi.:at1on of rand,J.i /r1111amm· as .111 

opportumsllc ,~t III humans J ( 1111 \larrohwl lll7Y. 10 (~) '02-20'-

2ll Almkhorn RJ i\Jd ,tcm D. Spagnuolo P J 1 mcrgcnc,· of a nC\\ opport11111st1c p,1thogc11 <'and,Ja 

11111111111a • J C 1111 \hcrohrol 11)811 27 2 l6-40 

2 ! LcH:ns,111 • ' l'fo :er \I,\, '-n111h 1'1 \ I lolh, R (Jcrankn I 1 ucc1 ( B. lscn1<,crg I ID ( a11Jula 

:;, llm11 • I. 1 Another opportu111st1c , c.,st J ( Im \ h.rob10I I 4Y I 211 I Mill-lJ~ 

22 \ 11ar:m:i,ak ... ,uthtka !:ill. ·.1111ar,111a~ak• l.P C and1d11 /..nm, b1olor,. cp1dcnuolog,. 

patho~cn,ci., and clm1c.1l mamfcstauon of un emerging pathogen J Med M1croh1ol I 9Q4. 41 

]Q'i., 10 

:! l lfamctt J J\. l':i, nc R \\. '\ arr0\\ I) Y l-'llSh charactcnst1cs and 1d,n11tic:ition 2nd l <l ( .,mbridgc 

l 111,crs11, l'rl-"SS. 11JIIO 

24 \rcmlorf IM. \\ all.er ll\l Ilic pr .. ,alcncc and 111trn-or,1I d1strtb1111011 of C ·,,m/,,/., albrwm m man 

,\rd1 llr:il IJ1ol I YX0 2'i 1 • l 0 

1-i 11:iuma,, C ilJ lll"•r••r o, 101 l11cu111sscn 1 \\olfa.irdt P Or,11 c.1111agc of< ,mdtda m health, 

,111d 111\'-s,ropos,mc pcrw•1s dr.11 ',urg Oral \kd llral l'athol IQ•n. 76 'i70-2 

}.(, Stmnet F,\ < h1l<krs Ni--. \\ m!hl T l'.U\l11 llh.. Bradlc~ I I 

pcd11a11c lcukc1111.1 pat1u1ts l'~drtat 1)..:111 1111.)2 14 14) 23h-9 

l"hc d~t ... .:tton 01 or .ii C 11n.ftdt1 m 

2i Johlnns J. Bagg J. l'arson:. K. rmta, I \ jd, \1, :-.:c,,co111bc R<, Or:il carn:igc 1.1f,-c.1sts. cohfomts 

and st:iph~ lococc1 111 patients ,\Ith ad, ancct' 111.1lag11.1nt disease J Oral Pathul l\loJ 19()2, 21 30-i-X 

28 Str:i11,h.111gh RJ. ~C\\dl DI . \\. rd I. Pfollcr \1 \ , I k1tzma11 I IJoclk.:r R Hath fn.'<1•.1cn,~ of,cast 

c:11 n:igc on h:111ds of ho p1ul p,111,nt J Chn \IJ~wb1ol lllY-1 ,2 22•1•1-2~00 
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2•1 :I.lame I J. C'ostcnon J\\ !he ultrastmcturc of< m1d1da a/Imam 111fcc11ons Cnn J \hcrob1ol 

I 9R I 27 11 ,<,-6-1 

•0 11.imc.·s JI . (hgood R \\ . 1~-c J< • I-mg RI> • ..;1c111 JI I llost-p:iras1tc 111tcrac11011 111 the p:ithogcncs1s 

ofc.wcr1m,:i11al ren.11 c:uld1cfias1s L.1h l111e I l1)1!1. 4Y 460-67 

1 I ~\\l'Cl '-I' Selection and pathogc111c11, uf Can.Iulo alh1wm m I II\ 111fcc,ion 0ml di eaSl'S 1997 

~ ,xx.y, 

12 Buckle, IIR ld,'ll111i,.1tm11 oheasts In h,ms H,\ Richards \11> (editors) \1001,:il 1mcoloro 

A 1>r.1ct11 •• 1I .1ppro.1ch < hford l 1111 ers11, Prc.-ss I 989 9'J 

11 an,hcn P Labo1,1tor\ 1dcnt1ficat1un and sens 111, 11\ IC5ttn[' of, ca 1 1~ul.1tcs Acta Odont Scnnd 

14 <)11111dos G. Fcrnandcl-Rodngucz \1. Burgos ,\ ·1 l!lbr•xr ,\I C1stcr-.1 R. Ponton J Cok>n, 

morphot~ pc on Sabournud-Tnphcn) hctr:izohum ngar a ~1111plc ant.I 111expcns1vc method for 

C'mulrda species il1~cn111111Jt1011 J C 1111 ~l11:rob1ol I 111)2. 30 2748-27~2 

,~ l'fallcr \1. I louston A <'ofTmann ', Appltc:it1on of ( I ll{OMngar for rapid scrccnmg of cl1111c.il 

Pl,.'Cllllc.'llS for < ,dh1L,m1 C • 1rop1.alt, ( Am,,, 1nd r·anduia 11 ornlop,n/!l,lt1hr,l/t1 J Chn 

\licrob1ol fll',1<, ,-1 "iX-<,J 

•6 h..:phcrd 1\1(, I <111.lula alhrwn, B1oloi.;, rrnc111.;s ,md p.1thog,·mcll\ Ann Re\ \11crub1ol l98"i. 

N q11 .. t,14 

17 ( nsson~ S1monct11 '· tnppoh \' l lra\tructural ch;mg~~ m thl \\:Ill our 

fom1at1on from hlasto pOrc.'<i of(' alh, .. m, J Gen l\l1croh1ol 197•. 77 417-26 

18 lto\\l..:11 J.\ Squier C \ < albhl1f11 uhrnstructurc colomz.-it1on nnd 1mas1on of ornl cp1thd1u111 

lnfc1:1 lmnnm I YXO. 29 2"2-110 

JIJ \\ hclan \\ L PannJgc R \1 \tag x- fl I I k1croZ\gos1t, an I scgrcgnuon 111 < • alhmmr \lok-c Gen 

t,cnct 1980.180 107-111 

40 \lagC1.• llll \l,1g~-.: I' I I lcctrophoruic kanol\p,-s .ind d1ro1110 onKs 11u111hcrs 111 ('1111./1,lu species 

J C,~n \hcrob1ul l4X~ 1,; 4.2~--llO 

41 R1kkcnnk 111 \1,..~cc Bil \lag~c Pl <,cnonuc truct,m: of< ,mJulo ,r,llarordw I ,tr:i 

chromosomes .111d gene duphc,11mn lnlcct lmmun I \Jllll. "ii! •1-11,.q 

42 Sadhu C. \ kf:.ichcm \I , Ru,tchcnko-Bulcac I . Sclu111J J. ~,oll DR. lhcks JII lclomcnc anJ 

d1~pcr,~'\l n.:pcat sequence, m < 1111elula ,casts and th.:ir use 111 str:11n 1d.-11t1tica11011 J 8.11:tmoll)g~ 

!9•11, 17.~ S-12-' 
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n Scf1,ru s_ .Sln..:n, D.\ Ar ·,,,,d,du o/n,,,111, d1,pi.:rsc:d rcp,,11,·d !-(<.:11, Lrn11h ~nd 11.s c·p11knnolug1c,1I 

apphc:111rn1, Pro,· '\,ttl ,\,:ad Sci. l S \ l'IXX, X~ 14-i2- 1.J:ill 

4-l Sdio.:ro.:r S, Stnu,, I) \ Apphl.'at1on ul D'\',\ l)jlll1g mo.:thods t0 o.:p1d,·1111olum .ind ta,onom~ of 

I ,mcl:d,, '!'I' J ( Im \l1crob1ol l•>X7. 2, <i7'-<>74 

.: ' I Le' JC. K111g RO C'haractc11sa11on 111" r ·,111d1.lu <1/J,,c,m, adho.:rl·nco.: In hu11w1 1 .rg111.il cp1thc:hal c:db 

11111tru lnt.:ct lmmu11 l4X~ 41 11124-IOlll 

• ., l~oi,.:li1r:1 J-P I ronch111 fJ. ,\11a1s V Rnbu1 R. S1.·nc:1 J:\ I Lam,nm rcn:ptors 011 r 011d1cl11 alh1,·,111, 

u 1,nt11bc, lnti:c1 hnmun 1'"111. ,x -ll<-·q 

.: 7 S,t111011, (,. B1rar..:lh P. Hong I I Ci.1111.:1,, ,\. D1cu n . P1cc,1lo .\! .\11 cd-[l 1-lih· 1m,·gnn rcccpt0r 

m:d,at,·, tlw binding (>f ks, path,,g,·1111.• r <111./,.t., spcc1cs to fib1011.:c1111 J .\led i\11crob10I I 1195. o-13 
• t,(). 7 

~II Klotz Si\, S11101h RL A fihrom:ctm ro.:ccpwr ClJJ r w1Jn/,1 ,ilhlla/11 nKd1ates adhcrancc 0fthc fi.mgus 

tontra,dlul.ir matrl\ J lnf,·c1 O1~ 1941, lhJ N/.J-10 

44 SI-er! K. fulikronc f<A In 111ro b111d111g of ( '11nd1do ,,l.'11cu111 ~l·ast to human libroncctin Can J 
.\1tcrc1h10I il)X.J. Jo }. 1-7 

511 Kalo .\. Segal I· Sahar F. D,l\an O lntc-r,1ct1on of< 'w1clula c1lh1< am 111th gc111td 111ucosal 

:,ur l;1c~s Im oil CnK·111 of fihroncctrn 111 adhl.'rJ.11_.• J lnfw1 Drs I 11l0i, 15 7 1.2:'iJ-5n 

'I 11111,·n,•z-l 111.:hn \. Gm,bcrc \' Kman 11( ( np1,,coccus ncolomians, ( and1da t1lh1<am. and 

Pthcr lungr hm,J ,pcciiit:;ilh In!! 11 rn;;plu11gol1p1d l,ILll>C1 !c,:ra1111lk a pos~1hlc adhc-smn n.:ccptor for 
I Ca.sis Infect hmnun I l/l/(), ,!( 2ox5.,)() 

'2 Ju11cn~z-l.111.:ho V. (1111sbcrg \', Kman fl(' { n ptoc0crns m:ofom1.111s, C,mdula alh1w11,, and 

f11hcr tung, hrnd ,pcc1ficalh 11> gh c1>sph1ngoftp1,J lao.:toc~ lccra1111dc. a possible adhesion n::ceptor for 
_1cas1s lnfo.:1 lmmun l 940 ,x .101!~-1111 

5, Calderon,: RA. l.rhcnan I \\ads11orth t . Sandhcrg Al. ldcnritica11on llf'(',d receptor, on< 'and,da 

,1/h1w111 Inker lnunun l lll(l(_ ,r, 252-X 

S,I l'd11.ird, J. Gaither l. O'Shca J d al I ,prc,s,on of spccllic hmdmg ,tics on ( 'and1du 111th 

tl11H:tmnal and ,11111g,·n1c dt,tr,Klrnslll'S ,11 human c11111pknien1 rcccptor, J lrnmun llll(t, 137 3577-

'' Gtl111or1.• 8 Kt·h111;1, I \I I t>r,111 .J S, llo,1c11c·1 \IK ,\11 ,C,IJ n.:,·1.·pt,11 on r 1111,/11.l,1 a/h1, u11, 

structur~ - 11111,11011 :ind c,,rrl'i,1tc, for patl,l1g.:nK111 J lnfi:,t ()p.; 111xx. I 'i 7 11,.1 111 

102 

Stellenbosch University https://scholar.sun.ac.za



- ' 

'i<, \,1mar;tn,1,.ike , Ii. \\ u P Sam,1r ... 11.1,aJ..c I P So \1 Rcl.1t1un~l11p lx:1,,ccn the cell surfacc 

h,drophob1LII\ .md adhr,mcc 1,, < ~1111, 1 ,ind ( ,11hl(,1111 to cp11hd1.1I .ind d .. 11111rc 4Cf)hc 

surface \P\tlS llJ'J, (f,, 707-71, 

"7 \ le( ourt 1c J l>ougl.1 I.J KdJt1on,h1p h ... 1,,wn c...11 surlacc co111pos111un Jdhcran,c and , m1h:ncc of 

< alb1rnm lt1fi:c1 11111111111 ]4X4. 'i <,-12 

~l! S.1m.1ran.1,akt IP RaC's1dc 1\1, \!Jcforl.mc rw 1"11<1 Factors 11ffcc1111g the phospholrpasc 

ac11,11, of< 1111,lt.la species m \llro SabourauJ1a J \fed \'ct \l\'c 1'>75. 22 201-207 

'i
1
1 lbraJ,1111 \ \11m10J r. r1llcr SG , 1 al I , 1d,·11cc 111J1c:1tmg pho pholipa c as a \lrulcnce factor of 

< c111d1Ja ulfJ1wn1 Infect l111111un J<1<1, . (J< lll'lJ-1/8 

60 OI en I B11i....l.u1cl J\1 Assessment of dcn1u1.: plaquL" pll 111 suh1cc1s 1,11h and ,,1tho111 demure 

stom:11u1s Srand J D.:nt Re~ IIJ75. X~ ,70.374 

t, I ,. De Ocrn;mh, f Cas"•11c I ~1111 IC\ ant J, C.1fdcr,mc R I ,pr.:ss1011 of C '1111d1da a!b1wm .S \PI and 

S \ P.2 111 c,pcnmLnl.il ,agmll1!> lntcc1 lrnmun l1N5. t,1 ()(S7-0 .2 

'12 Channoum 11.1 , f"IIL'Cll t.:: C orrcl.1111-c rd:itionsh1p bct1,cc11 1notcma~i.' producuon, adhcrancc and 

pJthogcmc11, of ,anous !.trnms of ('and1Cla a/b1am., J /\kc! VL1 \he 191<1>. 24 407-1 'l 

6.i D.HL"r11ard1~ I . Ag.1tcns1 I • Ross I , , al F, 1dcncc for .1 role for su·rctcd a~partalc protcm:1. c uf 

n111d1Ja alh1wns m \ul,o,agmal cand1d1.1s1s J lnf.:ct D1s 19 '0. 161 1276-!!3 

64 Ruchcl R Bomng B. Borg \1 < h:uactensat•on of a sccrcton prot1,;111Jsc of< m1d1da parap,ilur1s 

and e\ldcnc.: for the ab cncc of the cnz~ me dunng mfcct1on m , llh> lnfoc1 lmmun I 986 • .5J 411-
4 ,,, 

h'i < llkrt \1\\ . \\ ,·nd, ( Gorlich \I et o/ Increased c,pre~ 10n ,)f < and1da a/h1w111 ~ccr ... tor) 

prot.:111.ise. a p11iatl\C ,1rukn1.:c factor m 1sola1cs from human 1mmunoddic1cnc, ,1111s•pos111,.: 

p:111cn1s J ( Im \f1crub1t•I 1411\ 13 2'i,13~9 

6(, Mc( ullough \I , Ross B Reade I' Char:ic1cnsatw11 of $1l'nellc.ilh d1stmct subgroup of ('andub.1 

albu,,nr St rams from oral c:I\ 1t1cs of pa11c111s 111frc1cd ,, 1th hum:in 111111111noddic1cnc) , 1rus J Chn 
\11..:mbrol 19tJ'i, n 6%-700 

"7 flazcn KC Partic1pa11011 of H'.1$1 cell surfocc- h, Jrophoh1c11\ 111 adhcranc..: of Cond1da a/h1wm '" 

hurn;rn qHthchal cells Infect lmm1111 I ll~IJ. 57 I SQ.J.1/o 

68 Haz~n t.::C. lfazcn B. I- 11 , R. l\tunll\ S Partial b1ochcm1cal char:11:tcnst,cs of cdl surface 

h~ drophoh1c11, .111d h~ droph, he 11, of ( ,ilh,,,111, lnlcc1 lmmun 1990 'ill ,469-7h 

103 

Stellenbosch University https://scholar.sun.ac.za



hi./ Kcnm:d, l\JJ. $;111dm RL. lnfl11,11cc of rn,1\lh co11JJ11L1m 011 , u!')l"m' adhcsHJ11, h~drophob1c11\ 

and cell ,,all ulrrastruclun; J ~kd \'ct M~" lllll!s, 2'1 74-l/2 

70 !l1chan.Js,.;,n /\I. ',m1th H Pruduc1 l(Jn of gcnn tubc, b, 1 m1knt and alll.:nuatcd st rams of' < ·,md1da 

alb,wn, J lnkct Dts ll/XI. 1-H 565- h4 

71 \1artrn .\l\'. Cr::11g (i'I . Lamb DJ l 9X-i. An 1mcst1gat10n o( tiil' rok of tru-: h~ pha.: prod11ct1on m 

th.: pathogcns·s,~ ofc,pcnmcntal or.11 c:.u1J1dtisis J \kd Vet 11.t, c ll/Xll, 2.2 71 7h 

n Pugh 11. C :i,1 ,nn R \ 111< ..:, 1ochcn11r:1I local1,:ll1L111 11f phn•pholipasl' a1,d I~ ,pph11ph1,l1p.1$c 111 

< ·,md1da alh1um1 S;10011raud1a I •!7'i l ~ I It)- I I' 

73 1 rondun G. 8oud1Jra JP Robert R. Scn.:1 J\I Adli..:r:rncc ,it I ,111,hda ,,lh1wm germ tu hes to 

plastic Ultras1n1ctural r;.;1d 1>10kclar studies of lihnlllar adhcsms lntcct lmmun I 4XX. 5h 111!17-ll:1 

7-i l\fono\\ R. Ramsc, l l. Soll DR Rcgubt1on of phasc-spcc1fic gene, m lh..: more general s1\ltchmg 

~~ ,tcm uf C 'a11d1da alh1rn111 ,ln.im 31.53,\ J /\fed Vet l\h col I 1/l/-i. 32 2!17-l/-i 

·;~ Soll DR. Langt1m111 C. r-..tcD011d J. Hie"~ J Gal.1sk R High fr..:qui:11,~ s1\ltchmg, of ('an,hda 

strams 1,olat.:d from \.lg111111s pat1cnts J Clin l\11crob1ol I llX7, 25 I A I 1-22 

7h \nJason J:\I. Soll DR I h<' unique phcm11~ 1,e of opaque c..:lls 111 th.: 11h1te-oraqt11: trans:1,,.,11 111 C • 

a/b1Lllll\ J Ba..:tcr1ol l<JX7. 164 ~5711- SX 

77 Jones S \\ hit.: Ci. 1 lunkr f'f{ ln<ILa,cd µhcn,,r, f'I<' s,11td1111g 111 stra111, of c • ,1ih1c,111, associat..:d 

\\Ith 1111a'f1L' mtcc11011, J ( 1111 \l1cr,ih1ol 1'1<1-t ';2 2864- lX7tl 

7X Cc11h.'110 ,\, D.11 •~ CP. C oh.:11 \IS. \\ ,11 rLll \I\I :\lndulat1011 <'I 1 ·,111d1J11 ,1/h/( ,,,, ,11/achmcnl tu 

hum.111 l'p1thd1al cell~ b, bact.:na ,U1d c;:irhull\ dratcs lnf<·ct lmmun I oin. :;<1 r :<5-i-t,I) 

74 Bagg J. S1hi:mood RW Coaglutmat1on rcacl'C111s bet,wc11 ( 01111d1da alhtnt• and oral I> tcna J 

11.h:d \l1crobwl. 22 lf'i-4 

XO Hol111.:s ,\_ Gopal P, knk111so11 11 Adhi!ra11c.: ot < ·a11d1d,1 a/h1c,111s to a cell sur1a, •: polisac<.:11::1 k· 

rcc.:ptorLmStreptncm:cu,gordm111 lnfi:ct l111111u11144~.h, 1827-J-i 

X I Waggoncr-Fonta111 I.A. \'v,tl"i:r \\ l-l,>ll1s RJ, J>i;Jll,·r .\1 Frrguson JE. Wi:nzd RP. C11a,m ,11. L<., 

\".:n1cal and hori,m1tal t1ans1111ss1on nl" 11111quL' C ·,1"dtil,1 ~PP m pn:maturi: ne11horn, Cl11, lnfc~t 

11,~ l<illi, .:.2 xo,.:-; 

X2 Sdu111d J. Odd, H \\ ,,db \IJ . \u.:hL>l,on K(i 'n>II DR (,.:n<.:11c s1111tl;int) and 11rnn1<:11;,: ,. 

c'o11cl1da a/h.·ta/1\ ~1ra111s 111 a group of ,\JDS patli.:111,. d~111011,1ra1.:d b~ DNA ti11gi:rpnnt111g 

Chn l\l1crub1ol l9ll2. 30 4],-41 

104 

--

Stellenbosch University https://scholar.sun.ac.za



I 

x; Lumon RO llolme~ I\R \IJ on •\B. \tonk B( Or.:il C 1111d1,l,1 ~k.1rJI1C1. Lolom .. 111011 or 

und1d1asi, J Deni Res I ll•J~ 74 I 'i I 11 'i.2-1161 

84 And"rson J\I oll l>R U1iT.,;rcn cs m ,1ctm loc;ihs 11011 dunng bud .u1d h\J,1-.ac tom1a1ton 111 thi: 

~1.-:i t r'cmcliu,1 &1!b1n1m J Gen M1cro!nol Ill h 112 211 ;,;-47 

X'i Pugh D. t:l\\ on RA The C\tochcn11cal I hsat•on ofpho phohp1sc m ( a11d1Ja al,,,cmu mfcctmg 

tli-. .:h1ck-ali.mto1c membrane abouraudia 11177 J 'i 2ll-1 'i 

ft, her,,..,.-,d J. (101\ !\A Oooda, G\\ Grego~ I)\\ M.1r hall D Contact en mg III r an,l1Cla 

c,lh1rn , n po s1blc:ud tocpuhchal penetration J \kd \ct \hcol 11192. 30 461-9 

1!7 "lo 1 • Dnit1 DJ lfam 01• JI Hupp.:n \I dh1.:r,rncr- n:111 pcndrauon of \,1s.:ular ,:ndo;hcl,um b~ 

t c,,• ltd,1 \ cast Infect lmmun I IJX1 -C 374-S.f 

l!X Kn1°h1 I l-lctdx:r J uro\\th of C ,1lh1nm, 111 ah,a t mulJUon b, gluco a ~oc1:l'cd ,,1th 

ant1b1011cs, conicostrro,ds. and d1abctc mclhtu~ J Infect Dh l'i171 121 371-177 

11•1 UolntSlrup P. Sam,rana\akc LI' Acute nod IDS-related oral c.u1dulo 1s In S:unarnn:l\akc LP. 

\kl arlanc I\\ (cd) .1 :-1 c:mo, .. .151s pl 33-1 ~'i 

% Pm;ch JD \lal.1 l>G I, • , 111 comphcauons m ndult \\Ith bcmc marro,, transpl:mtauon ar.d T-

cdl dcplruon of donor rn. l"crca cd usccpub1h1~ to fung'll 111fcct1ons Ann Intern Med 1'11!6 

I 1.14 1 ~-c,31 

91 llo\\ I J. l..0.:\\1. P Chi:J \IS. ~ch..,c1cr ll lm,1s1H· fun:al disc.is.: m adults undcrrmng 

rcr1 on in1.11,t1011 th ·rap, t, ,1cu11. m,do1d kul.cmr~ I hr pathog1:iuc role of :muleul..cnuc 

,,._. n.cn { I Jl lnf1.'d f),. I w, 'I ~,, I •II 

9~ Samaran.l\al. • t I'. I lolm trup r Or I c.::nd1d1as s .md humJn 1mn•unodcfic1cnc\ \ ,rus mfccuon J 

Oral Pathol \1cd JQ8q II! h4 

en Sa111:1r.1na,Jkr LP Oralm\l:OliCS",lll\'mf ... ct1011 01.11 urg0ra1M .. d0ra1Pathol l9'12 73 171 

11-t \\ u T. ~ muran .. ,akc l P. Cao B'\ Wr:•1 • J In , rtro protc.masc producuon b) o::il C,md1da 

,1/111< ;,111 1 olatc from md1\ 1dua s \\ 1th :u .. l \\ 11hou1 HI \'-mfi;cuon and 11 .. ncnuation b, 

anlum couc " 0 cnts , 1cd i\11crob1JI I 11% 11 3 I i, 6 

• < ~ ga' I· Sora!,.;, A. ~:h~ ... htcr ,\ CorrclJtl\c rel .. , on,h,p bc1wccn ndhi:rcnc1.: of C alb1cm1t tc 

hu'l1.1n \ g1•1,1: epnhd,al ~•c'I, 111 , nro and <'m," ct, ; , .1 11111,s J \led \ ct ~h c 1984 2: I IJ 200 

~hrndJJ ~I \\ ._1,._,- I,, Budl-c, ,ch I c ,. l"ompJ..111~ HC ( .md1t!,'J111a 111 the pcd1.11nc JlJtu.:nt< 

burns J Burn < .ire Ri:hah • >IJ, 1 r, 4-1 ,. • 

------------- -- ·-----------------

Stellenbosch University https://scholar.sun.ac.za



117 ,l 1, 11 ~- .,.1ndcr~ U Or •• c, rnpltL~lltons 111 patKnl~ \\tth nLut • hmphohl.,su, lcuhnua ,1 report 

of.,c ,, ',pc.1.1l<.1rLD,1 'c111hbl'l!\X l~-1, 

•ill r, Ides!.:, \\ R T, : 1 \I < >ral \1 -<l ,me .:th l~I I .ondon <hlord \kd1c.1I Puhltshcrs 19'1' 3X 

'll/ ~amarana,.:il..c IP ,utnllonal fatt r- an.:orall.::nd1dos1~ J Oral l'athol 19X6 1, 61-t,'-

hl0 ( <,m1a11 RI I (11) '11 1 • \\ RO l".icl" 11tlut'T1c111g th, •rO\\lh oft amJ,da ,1/h1wm (111 ,1\0 illld 

• 11 ,,s1t.d1csl S;:ibouraud1a 1%3.; '2-63 

IOI .!. • ·,.,1, .. ux P ( hcH1cr • Qu111dos Ci. ulh\an I>. Poloncll1 L. Gmgucn C l sc of l)'l;A 

t,r , ,ring and b101,pmg method.~ to ~tmh n < andtdo a/h1cam outbrc.11.. 111 a neonatal intcn 11c 

r:or,. ,1 , l'LJr Infect O1s 19ll4 11 l(')'}.<10~ 

1112 Go1drnlu ') ,. D11rb111 \\' \ l'H .. "Clll.lll l o,oconual mf.:ct1ons 111 a neonatal mtcns1\C can: 111111 

rim !1of,. 1 • Q I 144 44-,-4 'i<J 

Io, Bah:~ JI \.::-•1a•,1l ,and1d1as1 1h, cum:n1 ch.1llcngc < Im Pcnn:110I I li9 I IX 263-80 

104 I.cc \\ . Bumi~ J , 1ppcrihcm1 BO, l,.1man1 II.' I losp11.1I mubn•aks \\Uh ,.:::ists J I lo Jl lnfoct 

I llll I. 18 ::!37-249 

I O'i C °' I ('1111,/1ela a//,,«1m a<lhcr::ncc 1r nC\\bom 1~fants J !\led \ ct \he I 986. 24 121-S 

106 R ... "Cd BO R1 I.. t,1c1ors for Candida \llhO\ag1mM Obstct G,naccol "llf\1;~ l-)l/2. 47 (8) "'iJ.Q 

107 R,lc, JI P.1thogcn1c11, of<" ,1/h1n111• \\llh particular n.Scmcc to th \ gma J Med \'ct !\he 

1986 ::!4 5-22 

108 !\kGroart, J \ oboh I Druci: A\\ Reid G l11c spcm11c1d..ll compourd nunox,nol-9 mcrcascs 

adhesion of ( anJ, la pccic< to hunuu q :thd1JI .:cl., 111 , 11ro Infect l111111u1 I llQO. 'i8 20()'i. 7 

100 l lcglx I\ \prd nunan tud, 011 drc~,111 pJtt..:rn~ .:md 1111;1d1cnc~ of tand1d1as1~ :\m J l'ubhc 

llcallh I <>8.l. 72 I 7f, • ., 

111, l1.:glx· I'\. Elcrb.:, Quan\lll\1.: rda11onsh1r,s of ( at~,. 7"5 nfccuons and drcssmg patterns m 

~1gcnan \,omen \m J Pubhc Health l'JX~ 71 4,11-2 

111 \',ush PK. fall\ Fl. h:cllum l Callo\1 \ Ciorbach SL Candida mfcct1011s m surgical patients 

Ann Surg 1983. I 9'i 42-17 

112 S ·d1i; \1S lhc rok ofan11b1oucs m the pathogcncs1 of<"muJid,1 mtccuons ,\111 J \lcJ 1%6. 40 

X!!'•lll I 

I . \h"\ \ll !\lu'1 \I Pfalkr \I\ \\ool on RI \\cnzd RP Rt I.. facto 

106 

Stellenbosch University https://scholar.sun.ac.za



11.t Pamc l"I I he 111h1b11on ac11011s of hactm;1 ,1n , and1d11 gnm th \n11h1ot1l:s .ind chrn1othcr:1p) 

19~!1. 6 27l-2k I 

11 'i Kcnn.-(h \1J lnl11h111011 of I ,rlh1w111 h, the .1nacr1Jbi.: oral flora ol 1111cc 111 ,11ro Sabo11r"lud1 •• 

ll/81 ll/ .:!O~-l< 

I lh Kenned) \IJ. \'olz P \ I colui•, of(' ,,th,cam, gut colomzat1on lnh1b•l1011 of< 1111d1da adh s1011. 

d1~ mun.iuon from lhc gastromt..-.;1111al tr.ict b, bacterial ant.1gomsm Infect lmrr.un ll/!I'- 4lJ •,~ .. 

(if,, 

117 [ub:ink P J. de \'1rg1ho C. t--lcm S. Bongard r < ,11ulul" sepsis 111 surgical p:111cnts Am J '-;urg 

1993. 166 617-o.20 

I Pi P1,;rto,, k1 C'A Baron RC. l.asi-.cr B \. Werner SB. Jams \\'R :'\osocom1al outbreak of(' alb•cam 

sternal \\Ound 111li:c11on, follm, 1ng card1a,: ~urge,) tracl·d tu a scrub nur~c I lnfo=t 01~ I 1./l/'i I !}. 

X 17-22 

119 Ostcm11ll.:r \\ I 01.: \\'S \\'..:111herg \I I ung,11 i:ndoc.ml1t;s tulk1\\111g c:11d1oq1suila1 ~u1gi::I"} J 

l11or Card Surg 1071 6115) <,70-" 

120 I. al~ka BJ St.inbndgl 1 \ I· luconazolc III th.: r• tmcnt of< wultdal prosthc111. \ ah c cndocard111 

ll\1J 198!1. 2Y7 178-lJ 

121 \\human ED Comphcauons a~ <:X.1ah:d \\tth th" use of central ,cnous aCCl'SS dc1Kcs Ed ,\ell, 
SA l<J96. J3 (4) 109-1!18 

122 De Bu J.; C II Daoud R. l hmnnoorth1 \I(' \\ ,Ison l·M. "h:11,b R C a11d1dcm1a < urrcnt 

ep1du1101og1c chara1.."tcnst1c awJ a long-term follo,,-up of the sur.1,ors SC.Jnd J lnfoct D1s IOY-1 
lf, t,47-703 

I Z, 'iclscn Ii. Stcndcrur J. Bruun B Fungcm1a III a um\crsn, hospual 198-1 19118 Chmcal and 

mholog11..il ch,11.1ctrn~t1cs "caml J l11foct 1>1, 1•191. 23 21,.x2 

11-1 J..:lm, SA, Dru11 D. l,111c J I .1cto1s goHrnmr .idh,rn111.l' of< ·w11/id,1 spcclCs I<> pl.1sl11.. 11rf.iu-s 

Infect lmmun 19S~ ,o Q7-IOI 

12~ l.uca, VS As~lJC1;111on of p~,,horrnp1l drugs. rri:\;ilcncc of dcnturo.:-rcl.1tcd sto111at111 and oral 

cand1dos1s Commun Dent Oral rp1d I YI},. 21 31.l-6 

126 Schmrd J I a, '\'P. \\'an I • f'.111 \1. Parr D. \1cl-~1nnc1 \\' !\ 1dc11cc for nosoconual tr:msm, ,s1011 

of<' 11/h,ca111 obtamcd b, Ca3 tingerpnntrng J ( Im \11crob1ol l<J<J.5. 33 1223-30 

117 Vasquez Ji\ . Sanchez \', Dmuch0\1 k ( D.mbr. L \I Sobel JD /.cr.os \1J 1':osoco1mal 

a::1.J111~1110n of<· a/h1rn1•• An cp1dcnuolog1c stud~ I 9Q,. 16X I 11,:\-,W I 

107 

Stellenbosch University https://scholar.sun.ac.za



Hunter PR. Harrison G.\J. I ,..t \ \I ( rnss 111t~:ct1on au<l d1H:r,11~ ot c • .,11i,,a111 ,tram 

:m 1111.:rtsn c c.1rc 111111 J M,d \ cl :-.he I CJ90 .!X 117--12'-

12•1 !lm \1 1 lumma \I . l\\,1g11ch1 S-1 lonb,• K 1 ,u1Jl,,,a K Stram rd.11<•<ln,'Ss ot r· ,1/h,wn, str:ims 

1sulatcd from ch,ldrcn '"th k:ukc1• 1a ,111d thur b..:dsitk par..:nh J ( ' 1111 \licrnb,ol 1"94. 32 22,3. 

I ~o S,h\\;uiz RS. \tarnJtosh R~ Selma Sl . Gn:,nb.:rg PL \lultn :mat..: :mah sis ol factor, a,.~oc1akd 

I, I Lpslcm A Kunur;i I II \kn;ird T\\ T ruclo, c I· l .md Pearsall \;\. H!.:.:ts of ,p,·c1tic .mtth1xhc 

un the mt..:rac11on bcm".:n th, fong11s < amhda alb1c11111 and human nral mucosa .\rch Oral Biol 

I l/S2. 27 ..\t,<1...J 7..\ 

, nro adhcrancc of the ,cast < ·amh,la alh1wm lo th.:- human oral cpithd1al c..:11s. Arch Oral 8101 

111)(2. 27 617-621 

Ba, carnu \I. Bia~• f . Pu.:c..-r11 P. H1,tl,m f Phagoc, tic k11lmg of< 'a11d1da ,,tr.,rcmn b, diffi:n.:111 

munnc clfc.:tor cells Sabouraud,a I 'IX~. 21 27 l-2Xh 

J ,4 \lart>d1 L Kord1al,,, 11\1. Joh11~1011 RU \l.ch.1111~111~ ot ht"t ,.kfi.:rhc .1gams1 I ,md1.l,1 ~p..-ctc·~ 

Ph.1goc, t,,s1~ 11' monoc, t.., a11d monoc\lc-ucm~d 111:icroph;ig,, l l111mun 111111. I ..\hill) 271< •-l-1'1 

136 

B1c-ch,·m1cill bJsl~ for tho.: k1ll1,'I! of/ ",mdula h~ mononuck:ir phagoc~ tc~ J lrnmuno I I '191. 46 Ill! 

271<'-lN 

:-.l,mxl1 I li..:1po~tz1.1 R C:impbdl DI. Polin R ,\. C~ongor J. Joluiston RB Cam.l1dac1cfal 

111~chan1,ms 111 th.: human n.:-011,1le Impaired IF'N- o :1ct1, at1011 ol macrnphagcs 111 nc\\ horn ml ants 

J lmmun I 1194 I'-~ ,f,-13--..\1./ 

137 Lehrer RI . ( lmc i\lJ Lcucoc\lc m\t:lop.:rm.1da,c ddic1cnn ,md d1ss.:mmat.:d cand1d1a~,~ the role 

108 

t 

Stellenbosch University https://scholar.sun.ac.za



. •.· . . . ' . . ' . 
. . • • . ·1 - ,, - .. · 

. • • . . .J • . . . . 

11
1
1 D.inlc, l>I 1111• ·r \I '-llmul.111011 of o,1dat11c in.:t,1hohsm 111 111urm.: pohmorphonm:k•ar 

lrnc,,.:\I,:,. b, 1111<1p,unr~,:{I tirng.11 '-1II, I 11J,·•1.:c i<•r ,1 rnanno 1-~p.~1fi'- 111'-ch.uusm J lmMun 

1411 Sohnlc l'(i Coll111,-I csd1 

nculropluls lnfrct lmmun IQ90 ,i; (X) 2696-9X 
Cumpanson of cand1d:irnlal and c~11d1d.1siahc actl\1IICS of human 

141 l I RK < utlLr II \ surface plas111,1 mcmlir.mc antigen 111 C C1/hu.:am I Gen \hcroh1ol l99•. 137 
,l~•-67 

142 '-asad,1 \I. Johns1on l{B lacrophagc n11crob1c1d:il ac1111t) C'orrcl:u1011 bct\\ccn phagOC)IOs1s­

assoc1.11cd ux1dat1H mcr:ihol1s111 and th k1ll111el of< i:111./1,/a h, 111acroph:ig1•s J bp :\foe.I I ''80· 152 
x~-l<\J 

143 lfash,moto I In 111ro ,1ud1 of conl,rd mcd1:it1d J..11l1r.3 ot' < ,111.l1cfa alh,~am h1ph:1 b1 act11atcd 

mnnc pcm '111:al 111.1cmph,1gcs 111 ,l scrnm-frcc nKxlium l11fcc1 lmmun I '''.11. ,q I 10) 1,55.1,61 

14-l BIJM I . P111urr.1 I P11l111 ,\I I .u1fr:111co11,· I. ll1~1<1111 I I arh d1ff.:rc111nl 111okcular rcsponsc ol a 

m.1cmph,1g1• cdl 1111c 10 ,_., 1 anu h1phal fonus of<'m1d1da alb, an, lnfi:c1 lmrnun 199.2. hO 832-
7 

14, h:rrantc \ Tumor nccros s factor alpha potcnt1all"S ncutrophal ant1m1croh1al :ict1\ 111 lncrcast-d 

fung1c1d.1l ac111111 ,1ga111s1 I orulops1s glabr:11:i and < 'and1cla nlh11 am ,md assoc1a1cJ 111crcasc~ 111 

ox~gcn r:id1c.il product1011 :111d h,11so111;1I cnz,111c rcl..:a c lntcl't 11111111111 J<JXQ, ,7 211~·22 

14r, D1cu 1' Bl.mch,1rd ()f... HalJ..1,1s I) l·ri~dm.:in II < ,ro;,th 111h1h111011 of ( ,111J1e/a alh1wm b1 human 

pohmorphl>nt1dc;ir 11,·utroplul~ \.:111,111011 h1 111tcrfcron alph:i al"! tumor nccros1 factor J lnunun 

1-17 Lctkc
1
111tz SS C.,dd,·nna.11 \fl'. I ~tJ..0\11tz DI.. \log111lc1 J.., N. Bollen •\ Phagoc~1os1s and 

1ntraccllular i-1l1111g b1 <'m1.!1d11 (l/h1w11, b~ macroph:igcs c,poscd 10 n11clopcrox1dasc J lnfcc1 Dis 
I <IIU,. 17• 1202· 7 

I-Hi I mcoln J I 1.fJ..011112: DL C':1111 I C.1 tro A. I dko1111l SS faogcnous 1111cl<>pc1,,,1dasc enhances 

b.1ctcnal pbgo1.11<1-r~ and 111tracc:ll11l:11 J..1ll111g h~ 111acroph:1gcs l11Jcct !1111111111 1<14-i; 1,:i '.,042-7 

14<J Jou:iuh I cpagc G Bcrn,t.iud i\, I rmcl PA, h,1d111 ( . t': al llcra-1 .2-1111l.1·d ol1goma11110s1d1•s .1..:1 as 

a s1gn,1I tor wmor necrosis fac1or-alpha produclion Infect lmmun I \/<l\ 63 (bl 2378-S l 

I ,11 \',·cl11,11dl1 \, \f.110ll.1 R. I ,mnl'lli C"""ll' ,\ . lfo,1<1111 f ' ln11m11H>n1tidulat1011 b~ < ·a,ut,.t,, alh1ca,,, 

cruc1,1I wk· 1>f ,,rg:111 colo111,.111011 .1nd cltro111c mfc;tron ,111h atlcnuatcd ngcrm111at11c str.11·1 of<· 
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1, I ,\11,1.::llo ( \I , Spagn,llt (,( Boccanna \1 C .1sJlmuu\a I ~l.1l,nas1 F Cl',c1a111 Cl l'rohl..:1at1,ll1 

of human p,nph,·r;il hlooJ 111,monu..:k·a, ,ells 111Ju,~d b\ r ,11•d1d" u/b;u111• J \lcJ \l1croba•I i"Xh. 

22 (~ I I 9~-21J2 

I ,2 J.,n1dl \I. Sd1..:,11111s \ Ohm.111 S-C \l.:g111is,011 B [ xp1,:s1<111 ol Clas- II t1a11spla111,1uon anl1~c·n, 

h~ cp1thd1al cdi, 111 oral c.111d1do,1• ,,ral l1d1cn phnus and g111g1, "" J Oral Pathu I I ' 1
Xh, 15 411-1-

X 
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patterns 111 murnh: cand1d1as1s .\ssoc1;111011 t>f Th I rcspon,cs Ill acqu1n:d n:sis1:u1cc lnfi.:ct hnn,un 
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1>2<,. 

1 I 
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17' 127'1-XX 
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110 

Stellenbosch University https://scholar.sun.ac.za



lh1 '\1cl,,11 II. Bcntsu1 KD. 11011,cd I . t1 al Oral ,:a11d11.l1;is1s and 11111111111c status of 111\'-mfcctLd 

p,111,·11~ J Oral l'.11liol \tcu 1'144, 21 14(1.1 

Io• Bergmann O l\ndcrscn PL ,\cute oml candrd1as1s dunns frhnk episodes 111 111ununoco111pro1111\cd 
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patients" 1th uroph:11\ ng,al c.ind1d1a,1s due to( ' olh1cam ('1111 Infect Dis 1997, 24 124-10 

168 Goff D. Koktar !>I., U11c~ch111g \\ J. Bam1sh.m J fa.~s RJ I ola11c,n of 1lucona.1.olc 1c 1stu.1t (' 

.,.,,,IL,1111 from human 11111111111,: , tru ,-rwgatl\, pJl1rnts nc\ er treated '"th azok5 C Im Infect Dis 
lll9-c;, .2CI 77-111 
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\l.:tl I V9-l. 47 3,11.3,Jt, 

171 Ruhn!..c !\1. r1glcr \ J'cnnagcn I Gc1 clcr B J:ngchnan A. Tr.iutm.111 ~, r mcrgcn~l: of 1111..:onazolc 
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unmunodcfirn.·nc, , 1ru) 111foc11un I ( Im \11crob1ol 190 I. 32 20112.1>8 
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175 V:rntkn 13osch,· H. \land1;il P. OJds F. I c h.:11111: I.. Ccx:nc \1 Charactal'<at1011 of an awk­
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transportcr 1 .. utant, to ·anous an!Jfungal :.gents and other mctabohc 111h1b1tons Ant1m1crob Ag.:nts 

C'h..:motb..:r I <1%, 41, 2,00-2305 

IXO ,\rrndorfTl\1. W:tlkn D\1 Oral Cand,dal popul:111011s 111111.:alth and d1s.:as.: Bnt Drnt J 1474. i47 

~hl-72 

IX I Epstein JB. P..:arsal: 'I I nd1m: L ()uantnat1\l! n:lat1onsh1p bct\\ccn ( 'and1d,1 alh1ca111 111 sal1\'a 

.111J the: clt111cnl ,tatu, of 1.ur.?a'l sub,1c·cts J Chu M1.-:wbml I 4lW 12. 4 7~-76 
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IX.: "i1J..a,,;, H. Sam.irana~akc LP. T..:,1uo,o J. Pang K Hnmada T TI1c fung1c1dal cfTect of human 

la.:tn'.;rnn ,m r ·a,1d11/o alh1n111, anc I ·a11J1,la krwl.'1 ,\n;h Oral Biol I <)<13. 38 ( 12) I057-h3 
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S.unaranJ),tkc I P. Mi:Fadanc Wnrl:t Publ1sh.:r< 

I Xii 1'1sd1,r B\1. Sa111,1rana):tk, LP. l\lacFarlam: LP Carna~.- of' C 'ancl,clu spp 111 d1abc11c pallcnts 
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, ~7 I \J1d1 D Oral C:111d1dos1s H1sto1: . ·la~sar .:it,on ;111d cltn1i:.1l pn:,~·ntat,on Oral St1111 Oral 1\kd 

Oral Par hol I qq➔• 7X I 1<<1.,i:; 
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I Xll Bant111g I)_ Gn:.:nhorn I',\ . i\h:!\lun J l:.tfo:t1,o.:m:ss of' a topical n,111f11ngal rcg1mcn for th.: 

1rcatm,1,t ufo1al cand1,ha,1, 111 l>ldcr. dm1111t·alh ill . 1nst1tus1onahscd adults l'l'J(i , '12 199-20:'i 

I <1() \lathaba I T. Da, ll~~ G Wann111gto11 JR ·1 hl· go.:n,,1, pit r..:lat 1011,h1p of' ( amllcla a/hmm, str,1111s 
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1'11 Kirkp·11mC'lt Chru111crn11cucutam.:nuscand1<l1as1 , J ,\m .\cadD.:m1atnl ll/9-1.'.l l Sl,1-17 

\\ 1lc,,, C\I. Sch,,artz :\ Endo,rnp1c- Pathologic currclatcs t>f < ·,md1d,1 c,ophagll1s 111 a.:qu1rcd 

1111111u11<xktic cnn ~, ndromc D1g1:s1 D1s Sci I lJllf, , -11 13, 7. 134,; 

JIJ', fknn..:1 .-t c1/ I <l7o Proposals for th,· class1ficat1011 of th.: acute lcuka..:n11as 13 J Hacni:>tolog) 

I l)ll-l . J 3 -15 I 

I ll-1 T1cmc, I.M. i\kPhcc SJ Papadakis \1A Cm1c.:r In Current Medic.ii di.1gnos1s and tn.:atmcnt. 

34th Ed I l)95. ,o 79 

II.I~ Pounder R Hamilton :1.1 Handb01.1k e1fcurn:nt d1agnos1s and trcatmo.:nt 111115 p230-235 

I 'lo Bao.:hur t',; Pham1acolog~ of ch.:moLhaapcullc agents. 3-22 Jn Ld Peterson Dt. Son1s ST Oral 

w111plicat1l111, of' canc..:r d1..:111othc1 .1p~ 

1,17 I ,11d1 ,\1 ,\ , Slup ll l11J11al lira! man1lc~tat10Jh oflo.:ukcm1a J.\l),\ l<1h7, 7;, l/~;?-4tJ 

I <>X Wra~ D. Dagg .fl I Disease~ of the blood and blLXxl-for111111g organ~ In Ed forn:s JH, Mason 

OK Oral man&stat1ons of s~ stcnuc d1s..:asc 2nd eti London Railh.:rc Tmdall I <N() oX0-702 

I '14 P.:tcrson DE:. Son1s ST(cds) Oral ce1mphcauons of s~ sh:nuc th.:rap~ London Mart111us N11huff 

P11hli,;li.-r~. IIJX1 

.200 Carpcntcr JS Dental rnrc: ti.ir ch1ldm1 ,,ho haw rcc..:1,cd hcad and neck th.:rapcuuc rad1at1,m 

Pcdod. Fall I 47X _1(,.411 

20 I Ros,·nb,·rg S\\ Oral cnmplic:111011' uf can.:,1 ch.:111,,1h..:r:1p, • A 1c, 1,.:1\ of' '<'lX pati.-nts J Oral \kd 

l'IXf>, -11 t2J ,,-;_7 

202 Drc1z.·n S. \lcCr1:tfo: K. D1d.c K. Zando.:r A. Pc1cr, L.J I <17•) Or;1I o.:omplicat1011s of bon,· marro\\ 

tr,111splantatmn tn .1dults 1,11h acute h.:ukcm1a Postgrad Mcd I l/M I, (,6 IX7- 4-I 

203 Dn.:LZ..:n S Met n:d11.: t..: Chcmothcrap, mduccd or:il 1t1ucos111~ m adult kukemia Postgrad \kd 

l4XI. 64 I0.<-112 

20-1 o\.kumcr I· Pacsmans J\1. ·\utu:r P Value ol ant1limgal proph,la,1~ agains! orophaf\ngcal 

cand1d1as1s in ca11c1.:r p,1t1cnh Oral One l·ur ( anccr I l/tJ-1, :108 (:l) I %-9 
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20, lkrgrnann O. \nd.:r en Pl. A..-ut..- oral c.111d1d1a 1s dunng febrile cp1 od,·, 111 1111munocompro1111scd 

patients \\ 11h haematolog1c.il 111·11tgna111.,1cs I 990 

2ll6 <,rcrnhcrg ms Ilic oral flora as a source of Slpllccm1a 111 

patients\\ 1th neut, .... 1cm1a Oral Surg I lJ82. q 12-16 

207 Dc<"ircgono \I\\ l.1.-c \\'I Ries C \ < ,111J1Ju 111fcc.1Jons 111 patients 1,1th acute 
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2:-; 2111.2rx 
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oroph:tl') ngc.,I c.111d1d1.1s1~ m ,.inccr pa11cn1:. Or.ii Oneol l.ur J C1111ccr I 1194. 1011 I%- l 9'l 

212 l·pst"m JB I 111111 R d "' Proph,l.1\1S of .:.ind1d1:i~1s III pat11.·111 111th lcuk1.;,n1a and bone marro,, 

trnnsplant.nt1011 Oral Sur Oral \kd Oral Pathol Or.ii R:id1ol I 996. II I 2Q 1-6 

211 Tnng C\I C ohcn J D1agnos111g fungal 111fcct1ons m 1mmu11nocompro1111scd hosts J C Im Pathol 

IW2 4~ I-~ 

21..J Ant11ln \ -J R1111t11 P. Bondcstnm S. Jansson S-1 . l'\01dlmg S. 1-arkktla \1, S11onen A. C'astn:n ~I. 

Ru11t11 I I kpatosplcnic ,1.-ast 111fcctmns 111 p1111ents ,1llh .1eutc lc11k.1cm1n \ d1,1gno~t1c problem 

Cl111 Infect Dis 199-1. 111 •iN-9XI 
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