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The High Rate of Multiple-Species
Candidemia Detected with Fluorescence
In Situ Hybridization (FISH) Methods:

What are the Clinical and
Prognostic Implications?

AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee::  The flu o res cen ce in si tu hybri di za ti on (FISH) with rRNA-tar ge ted pro bes is a mo le cu lar
met hod that al lows iden ti fi ca ti on of mic ro or ga nisms in mi xed as semb la ges from di rect cli ni cal samp les wit ho ut
cul ti vi ta ti on. The aim of this study was to in ves ti ga te the cli ni cal fe a tu res and risk fac tors in pa ti ents with sing le
and mul tip le-spe ci es can di de mi a de tec ted with FISH met hod and al so to eva lu a te the epi so des of bre akt hro ugh
can di de mi a. MMaa  ttee  rrii  aall  aanndd  MMeett  hhooddss::  A to tal of 325 po si ti ve blo od cul tu re samp les we re exa mi ned bet we en Ja nu -
ary and Au gust 2004 in me di cal mic ro bi o logy la bo ra tory of Mer sin Uni ver sity Hos pi tal. The de mog rap hic and cli -
ni cal da ta of 45 pa ti ents with can di de mi a de tec ted with con ven ti o nal cul tu re met hods, FISH and PCR-RFLP
(polymerase chain reaction-restriction fragment length polymorphism) we re analy zed ret ros pec ti vely, sing le and
mul tip le-spe ci es can di de mi a we re in ves ti ga ted among pa ti ents with can di de mi a and the se pa ti ents we re com pa -
red with res pect to risk fac tors. RRee  ssuullttss::  Thirty fi ve (77.8%) of 45 pa ti ents with can di de mi a had a sing le Can di da
spe ci es and 10 (22.2%) had mul tip le-spe ci es de tec ted by FISH met hod. Of the se 45 ca ses, 31.1% had as so ci a ted
so lid and he ma to lo gic ma lig nancies. The me an du ra ti on of hos pi ta li za ti on was 27 (2-180) days. All pa ti ents had
at le ast one ind wel ling cat he ter (uri nary cat he ter: 80%, pe rip he ric ve no us cat he ter: 55.6%, cen tral ve no us cat he -
ter: 26.7%). Most of the pa ti ents (95.6%) had be en tre a ted with bro ad spec trum an ti bi o tics. The can di de mi as we -
re mostly ca u sed by non-al bi cans Can di da spp., par ti cu larly Can di da pa rap si lo sis (71.1%). The ra te of bre akt hro ugh
can di de mi a was de tec ted in 11.1% of the pa ti ents with can di de mi a and all of the se we re in pa ti ents with sing le
spe ci es can di de mi a. Sur pri singly, in ca se of sing le-spe ci es can di de mi a, the mor ta lity ra te (77.8%) was hig her than
that of mul tip le-spe ci es can di de mi a (22.2%). CCoonncc  lluu  ssii  oonn::  Ac cor ding to our da ta, the ind wel ling cat he ters and
tre at ment with mul tip le an ti bi o tics we re con si de red as the risk fac tors for sing le and mul tip le-spe ci es can di de -
mi a. Alt ho ugh the ra te of mul tip le-spe ci es can di de mi a de tec ted with FISH met hod was fo und to be high, cli ni -
cal and prog nos tic sig ni fi can ce of mul tip le-spe ci es can di de mi a are still de ba tab le.

KKeeyy  WWoorrddss::  Fun ge mi a; can di da; in si tu hybri di za ti on, flu o res cen ce 

ÖÖZZEETT  AAmmaaçç::  Flu o re san in si tu hib ri di zas yon (FISH) rRNA’ yı he def alan prob lar kul la na rak kül tür yön tem le ri ne
baş vur mak sı zın di rekt kli nik ör nek ler den ka rı şık or tam da ki mik ro or ga niz ma la rın iden ti fi kas yo nu na ola nak sağ -
la yan mo le kü ler bir yön tem dir. Bu ça lış ma nın ama cı FISH yön te mi ile sap ta nan tek li ve çok lu kan di de mi si olan
has ta la rın kli nik özel lik le ri ni ve risk fak tör le ri ni araş tır mak ve kan di de mi atak la rı nı de ğer len dir mek ti. GGee  rreeçç  vvee
YYöönn  tteemm  lleerr::  2004 yı lı Ocak ve Ağus tos ay la rı ara sın da Mer sin Üni ver si te si Tıp Fa kül te si tıb bi mik ro bi yo lo ji la bo -
ra tu va rın da ki top lam 325 po zi tif kan kül tü rü ör ne ği de ğer len di ril di. Kon van si yo nel kül tür yön tem le ri, FISH ve
PZR-RFLP (polimeraz zincir reaksiyonu-restriksiyon parça uzunluk polimorfizmi) ile sap ta nan 45 ol gu nun de -
mog ra fik ve kli nik ve ri le ri ret ros pek tif ola rak in ce len di. Kan di de mi li ol gu lar ara sın da tek li ve çok lu kan di de mi -
ler araş tı rıl dı ve risk fak tör le ri yö nün den kar şı laş tı rıl dı. BBuull  gguu  llaarr:: Kan di de mi si olan 45 ol gu nun 37’sin de (%77.8)
FISH yön te miy le sap ta nan tek bir kan di da tü rü ve 10’un da (%22.2) çok lu kan di da tür le ri var dı. Bu 45 ol gu nun
%31.1’in de ay nı za man da so lid ve he ma to lo jik ma lig nen si var dı. Or ta la ma has ta ne de ka lış sü re si 27 (2-180) gün -
dü. Tüm has ta la rın en az bir ka te te ri var dı (id rar ka te te ri: %80, pe ri fe rik ve nöz ka te ter: %55.6, san tral ve nöz ke -
te ter %26.7). Has ta la rın ço ğu (%95.6) ge niş spek trum lu an ti bi yo tik ler le te da vi edil miş ti. Kan di de mi le rin ne de ni
ço ğun luk la al bi kans dı şı kan di da tür le ri, özel lik le de Can di da pa rap si lo sis (%71.1) idi. Te da vi al tın da ki kan di de -
mi li ol gu lar da kan di de mi ata ğı ora nı %11.1 idi ve bun la rın ta ma mı tek li kan di de mi olan has ta lar dı. Şaşır tı cı şekil -
de, tek tü rün ne den ol du ğu kan di de mi ler de mor ta li te hı zı (%77.8), çok lu kan di de mi le re (%22.2) gö re da ha
yük sek ti. SSoo  nnuuçç::  Ve ri le ri miz ışı ğın da tek ve çok lu kan di de mi ler için ka te ter ler ve çok lu an ti bi yo tik te da vi si nin
risk fak tö rü ol du ğu dü şü nül dü. Ba zı ol gu lar da FISH yön te miy le çok lu kan di de mi sap tan ma sı ve bu ora nın yük -
sek bu lun ma sı na rağ men, çok lu kan di de mi le rin kli nik ve prog nos tik öne mi ha len tar tış ma lı dır.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Fun ge mi; kan di da; in si tu hib ri di zas yon, flö re sans  
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lo ods tre am fun gal in fec ti ons are the ma jor
he althca re prob lems in hos pi tals all over
the world and are as so ci a ted with sig ni fi -

cant mor bi dity and mor ta lity.1-3 The in fec ti ons ca -
u sed by Can di da spe ci es has in cre a sed in re cent
ye ars, be ing the fo urth most com mon no so co mi al
pat ho gen. Mo re o ver, stu di es from Uni ted Sta tes
and Eu ro pe in di ca ted that they are similarly the
fo urth most com mon blo ods tre am pat ho gen in
the se co un tri es.2,4,5 Can di da al bi cans and ot her
Can di da spe ci es are res pon sib le from 70% to 80%
of in va si ve blo ods tre am fun gal in fec ti ons.2,6,7 Most
of the Can di da spe ci es, inc lu ding Can di da al bi cans,
are sus cep tib le to syste mic an ti fun gal agents, such
as flu co na zo le and amp ho te ri cin B.1,2 The ra tes of
can di de mi a ca u sed by  non-al bi cans Can di da spp.
are re por ted to be in cre a sed in se ve ral stu di es.
They are as so ci a ted with a re sis tan ce to an ti fun -
gals and risk of in cre a sed mor ta lity ra tes.7-9 Non-
al bi cans Can di da spp. ac co un ted for 60% of the
can di de mi a epi so des in ca ses re ce i ving an ti fun gal
proph yla xis.1,10

Blo ods tre am in fec ti ons in vol ving eit her bac-
te ri a or fun gi are ge ne rally ca u sed by a sing le spe -
ci es.1,2,11 Bac te rie mic epi so des with mul tip le-spe ci es
are ge ne rally no so co mi al in ori gin and their mor ta -
lity ra te is hig her than the epi so des with a sing le
spe ci es. Ho we ver, mul tip le-spe ci es fun ge mi a is an
in fre qu ent cli ni cal en tity and it is rarely reported in
the li te ra tu re.3,12 The ra tes of mul tip le-spe ci es can-
di de mi a (MSC) was re por ted as 1.7-11.6% in pub-
li ca ti ons on can di de mi a.3,13-15 The mul tip le-spe ci es
and sing le-spe ci es can di de mi a (SSC) are fo und to
be si mi lar in res pect to the ir mor ta lity ra tes.15 Re-
cent stu di es re ve a led an in cre a se in in ci den ce of
can di de mi a du ring an ti fun gal proph yla xis or the r-
apy. The rate of bre akt hro ugh can di de mi as ran ged
bet we en 10.5-25% in se ve ral stu di es.16-18 The mor-
ta lity ra te re ac hed to 70-80% in le u ke mi a and in
ot her can cer pa ti ents.17,19,20 Ho we ver, stu di es on
bre akt hro ugh can di de mi a in pa ti ents with mul tip -
le-spe ci es can di de mi a are limitted in the li te ra tu re.  

Flu o res cen ce in si tu hybri di za ti on (FISH) with
rRNA-tar ge ted flu o res cently la bel led oli go nuc le o -
ti de pro bes is a po wer ful mo le cu lar tech ni qu e for

the iden ti fi ca ti on of mic ro or ga nisms in cli ni cal and
en vi ron men tal samp les.21 Se ve ral stu di es ha ve
shown that mix tu res of iso la tes in cul tu res can be
de tec ted by FISH met hod and FISH is mo re sen si -
ti ve than con ven ti o nal met hods in the de tec ti on of
mix tu res of iso la tes in blo od cul tu res.22-24

The aims of this study we re first to in ves ti ga -
te the cli ni cal fe a tu res and risk fac tors in pa ti ents
with sing le and mul tip le-spe ci es can di de mi a de tec -
ted by FISH met hod. In addition, the epi so des of
bre akt hro ugh can di de mi a we re eva lu a ted.

MA TE RI AL AND MET HODS

MIC RO BI O LOGY

This study was car ri ed out in Mer sin Uni ver sity
Me di cal Fa culty Hos pi tal, a 200-bed-hos pi tal in
Mer sin Tur key. Thre e hun dred twenty fi ve (13%)
out of 2492 blo od cul tu res po si ti ve for a mic ro-or -
ga nism and Can di da spp. we re iso la ted in 50
(15.4%) of the se samp les bet we en Ja nu ary 2004 and
Au gust 2004 in me di cal mic ro bi o logy la bo ra tory.
Each one of the po si ti ve blo od cul tu res was ob ta i -
ned from dif fe rent pa ti ents and samp les we re with-
drawn di rectly from a ve in, not thro ugh a cat he ter.
BAC TEC 9050 system (BD Di ag nos tic Systems, UK)
was used for blo od cul tu res. Sa bo u ra ud dex tro se
agar (Merck, Ger many) and CHRO Ma gar Can di da
(Bec ton Dic kin son, Fran ce) me di um we re used for
the iden ti fi ca ti on of Can di da spp. from po si ti ve
blo od cul tu res with con ven ti o nal cul tu re met hods.
Then, the Can di da spp. on agar pla tes we re iden ti -
fi ed by stan dard la bo ra tory met hods de tec ting
germ tu be for ma ti on, chlamy dos po re for ma ti on on
corn me al agar, and with API ID 32C (bi o Me ri e ux,
Fran ce) test. 

FISH and poly me ra se cha in re ac ti on-res tric ti -
on frag ment length poly morp hism (PCR-RFLP)
met hods we re the mo le cu lar met hods that were
per for med for iden ti fi ca ti on of par ti cu lar Can di da
spp. FISH met hod was app li ed as des cri bed in pre-
vi o us stu di es.25,26 For each hybri di za ti on re ac ti on,
10 µl was drop ped on mic ros co pe sli de per po si ti ve
blo od cul tu re and dri ed at 45oC for 20 min. The sli -
des we re dehy dra ted in 50%, 80% and 100% et ha -
nol for 3 min each. Flu o res ce in isot hi oc ya na te



(FITC) and CY3-la bel led oli go nuc le o ti de pro bes for
Can di da spp. we re used to iden tify following par ti -
cu lar spe ci es: Ca al for C. al bi cans, Ckrus for C. kru-
se i, Cpa ra for C. pa rap si lo sis, Cagl for C. glab ra ta.
Be si de the se, uni ver sal pro be for all ye ast (PF2) and
ne ga ti ve con trol (no nE ub388) we re app li ed si mul -
ta ne o usly. One mic ro li ter of pro be (50 ng) as well
as 9 µl of hybri di za ti on buf fer con ta i ning 20% for-
ma mi de we re ad ded in to each well and in cu ba ted
in a mo ist cham ber at 46oC for 1.5 h. Fol lo wing
this, the sli des we re was hed in was hing buf fer at
46oC for 15-20 min and then 10 µl of 0.001% DA -
PI sta i ning was ad ded. Af ter the sli des we re air-dri -
ed, Ci tif lu or (Ci tif lu or Ltd., Lon don) was ad ded as
a mo un ting me di um over the sli des. Fi nally, the sli -
des we re exa mi ned un der mic ros co pe (NI KON E
1000) equ ip ped with a stan dard fil ter set and ima -
ging analy sis system (App lying Ima ge). 

For PCR tech ni qu e, DNA iso la ti on was per for -
med in the Mag NA pu re LC system (Roc he Di ag -
nos tics; Ger many) by using Mag NA Pu re LC DNA
iso la ti on kit III (Roc he, Ger many). The PCR-RFLP
met hod was imp le men ted as des cri bed by Mir hen -
di et al.27 ITS1 and ITS4 (Fun gus-spe ci fic uni ver sal
pri mer pa irs) pri mers (Mol bi o, Ger many) we re
used for PCR-RFLP. All re ac ti ons for PCR we re
car ri ed out in a to tal vo lu me 50 µl. For each re ac -
ti on the fol lo wing we re used Temp la te DNA (1 µl),
for ward (ITS1) and re ver se (ITS4) pri mer (0.2 µM),
de oxy nuc le o ci de trip hosp ha te (dNTP) (0.1 mM),
10X PCR buf fer (5 µl) and of Taq DNA poly me ra se
(2.5 U). The first de na tu ra ti on step was car ri ed out
at 94oC for 5 min and fol lo wed by 25 cycles of de-
na tu ra ti on at 94oC for 30 s, an ne a ling at 56oC for
45 s, ex ten si on at 72oC for 1 min and fi nal ex ten si -
on at 72oC for 7 min. PCR pro ducts we re vi su a li -
zed by 2% aga ro se gel elec trop ho re sis in TBE buf fer
sta i ned et hi di um bro mi de (0.5 µg ml-1). MspI enz -
yme (Fer men tas, EU) was used to ob ta in the spe ci -
es-spe ci fic length pat terns. A 10 µl ali qu ot of PCR
pro duct was com bi ned with 10U MspI and the fi -
nal re ac ti on vo lu me, 25 µl, was in cu ba ted at 37oC
for 2 h. Res tric ti on frag ments we re se pa ra ted by
3% aga ro se gel elec trop ho re sis in TBE buf fer at 80
V for 45 min and vi su a li zed by sta i ning with et hi -
di um bro mi de. 

DE FI NI TI ONS

Can di de mi a was de fi ned as the iso la ti on of any
Can di da spp. from one or mo re blo od cul tu res ta -
ken from a pa ti ent with symptoms and signs of an
in fec ti on.8 The pre sen ce of two or mo re Can di da
spp. from a sing le or dif fe rent sets of blo od cul tu res
ob ta i ned wit hin a 72-h pe ri od was ter med as mul-
tip le-spe ci es can di de mi a.15 An ti fun gal tre at ment
was ad mi nis te ted to all pa ti ents, ex cept the ne ut -
ro pe nic pa ti ents with can di de mi a fol lo wing iso la -
ti on of mic ro or ga nisms from the cli ni cal spe ci mens
on cul tu res. Bre akt hro ugh can di de mi a in di ca ted
can di de mi a in a pa ti ent who had re ce i ved at le ast
three days of syste mic an ti fun gal the rapy.16 

PA TI ENTS

The de mog rap hic and cli ni cal da ta of pa ti ents with
sing le, mul tip le-spe ci es (from our un pub lis hed
study using FISH tech ni qu e) and bre akt hro ugh
can di de mi a we re analy zed ret ros pec ti vely in the
De part ment of Cli ni cal Mic ro bi o logy and In fec ti o -
us Di se a ses, Mer sin Uni ver sity Hos pi tal. The me d-
i cal re cords of 45 pa ti ents we re re vi e wed for the
de mog rap hic and cli ni cal fe a tu res, ma na ge ment
and out co mes. Sing le and mul tip le-spe ci es can di -
de mi a ca ses we re com pa red ba sed on the fol lo wing
risk fac tors; his tory of so lid and h e mo to lo gic ma-
lig nancy, the me an du ra ti on of hos pi ta li za ti on/cat -
he te ri za ti on, an ti bi o tic tre at ments, nut ri ti o nal
sup port with to tal pa ren te ral nut ri ti on and cor ti -
cos te ro id use. Fi ve pa ti ents we re exc lu ded from the
study be ca u se of in suf fi ci ent me di cal re cords.

STA TIS TI CAL ANALY SIS

Sta tis ti cal analy sis we re per for med using SPSS soft-
wa re (SPSS 11.5 for Win dows). Des crip ti ve sta tis -
tics and Li ke li ho od Ra ti o Chi-Squ a re tests we re
per for med for de fi ning the ba sic fe a tu res of the da -
ta and the com pa ring the two gro ups; sing le and
mul tip le-spe ci es can di de mi a. Li ke li ho od Ra ti o Chi-
Squ a re met hod can be mo re ef fec ti ve than Chi-squ -
a re sta tis tics in ca se of ob ser ved and ex pec ted
fre qu en ci es in the cells a re less than five. In ad di -
ti on, two pro por ti ons test was per for med to com pa -
re the pro por ti ons in two gro ups by using Mi ni tab
6.1 sta tis ti cal soft wa re.
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RE SULTS
Among 45 pa ti ents with can di de mi a; 35 (77.8%)
and 10 (22.2%) pa ti ents had SSC  and MSC, res pec -
ti vely. The most com monly iso la ted Can di da spp.
from the blo od cul tu res was Can di da pa rap si lo sis.
Of the se samp les, 48.9%, 53.3% and 48.9% we re
de tec ted with FISH, PCR-RFLP and con ven ti o nal
met hods, res pec ti vely. In mi xed cul tu res, C. al bi -
cans and C. pa rap si lo sis (11.1%) we re the most
com mon Can di da spp. de ter mi ned by FISH (Tab le
1). The in ci den ce of MSC de tec ted with FISH,
PCR-RFLP and con ven ti o nal met hods we re 22.2%,
6.7% and 4.4%, res pec ti vely. 

The ge ne ral cha rac te ris tics of pa ti ents with
sing le and mul tip le-spe ci es can di de mi a a re pre sen -
ted in Tab le 2. All pa ti ents with can di de mi a had at
le ast one cat he ter; uri nary, pe rip he ral ve no us and
cen tral ve no us cat he ters we re pre sent in 80%,
55.6%, and 26.7% of the pa ti ents, res pec ti vely. Be-
si de the se, 95.6% had be en re ce i ving an ti bi o tics.
Sing le and mul tip le-spe ci es can di de mi a ca ses we re
com pa red ba sed on the fol lo wing risk fac tors; his-
tory of so lid and h e mo to lo gic ma lig nancy, the me -
an du ra ti on of hos pi ta li za ti on/cat he te ri za ti on,
an ti bi o tic tre at ments, nut ri ti o nal sup port with to -
tal pa ren te ral nut ri ti on and cor ti cos te ro id use. The
sta tis ti cal analy sis re ve a led no dif fe ren ces bet we en
the two gro ups (p> 0.05). Of the pa ti ents with can-
di de mi a, 55.6 % we re tre a ted with an ti fun gal drugs

(Li po so mal amp ho te ri cin B [40%], and flu co na zo -
le [32%]). The re was no sta tis ti cally sig ni fi cant dif-
fe ren ce bet we en two gro ups in res pect to tre at ment
with an ti fun gal drugs (p> 0.05). In two of three pa-
tients who were on caspafungin therapy MSC was
determined (Tab le 3) and all pa ti ents di ed on tre at-
ment of cas pa fun gin. The in ci den ce of sing le spe ci -
es epi so des was hig her in in ter nal, me di cal, sur gi cal
and in ten si ve ca re units than that of mul tip le-spe -
ci es epi so des (p< 0.05). Ho we ver, the mul tip le-spe -
ci es can di de mi as we re hig her par ti cu larly in
in ter nal me di ci ne (p< 0.05) and in ten si ve ca re units
(p< 0.05) than me di cal and sur gery units. The ove -
rall mor ta lity ra te in can di de mi a was 40%, the ra -
tes be ing hig her in SSC pa ti ents (77.8%) than MSC
pa ti ents (22.2%). Non-al bi cans Can di da spp., es pe -
ci ally C. pa rap si lo sis (p< 0.05) do mi na ted the can-
di de mi a epi so des in both gro ups.

Cha rac te ris tics of pa ti ents with bre akt hro ugh
can di de mi a a re pre sen ted in Tab le 3. Bre akt hro ugh
can di de mi a was de tec ted in 11.1% of the can di de -
mic pa ti ents. Mo re o ver, it was no ted that bre akt -
hro ugh can di de mi a was di ag no sed only in pa ti ents
with SSC. All of the pa ti ents had at le ast one cat he -
ter and they we re tre a ted with bro ad-spec trum an-
ti bi o tics (three pa ti ents with mul tip le an ti bi o tics;
two with a sing le an ti bi o tic). Most of the bre akt -
hro ugh epi so des oc cur red in pa ti ents re ce i ving am-
p ho te ri cin B. 

DIS CUS SI ON
The re are only a few pub lis hed stu di es on mul tip -
le-spe ci es can di de mi a. Re cent stu di es on MSC in di-
ca te that this en tity is an un com mon event.3,12,28

Pu li mo od et al. re por ted that the in ci den ce was
5.2% du ring a ni ne ye ar pe ri od.15 Gu er ra-Ro me ro
et al. in di ca ted mul tip le-spe ci es was pre sent in
3.4% of pa ti ents with fun ge mi a.28 Ya ma mu ra et al.
ob ser ved that MSC oc cur red in 1.7% of ca ses.3 Ho -
we ver, a re cent study in di ca ted a hig her in ci den ce
in pa ti ents with can cer (the in ci den ce be ing 33%
and 52% in ca se of acu te le u ke mi a and so lid tu-
mors, res pec ti vely).29 In the pre sent study, the in-
ci den ce was fo und hig her by using  mo le cu lar
met hods (22.2% with FISH; 6.7% with PCR-RFLP)
com pa red to con ven ti o nal met hods (4.4%). The

Candida spp. FISH PCR-RFLP Culture methods

n (%) n (%) n (%)

Candida parapsilosis 22 (48.9) 24 (53.3) 22 (48.9)

Candida albicans 10 (22.2) 13 (28.9) 13 (28.9)

Candida tropicalis ND 4 (8.9) 8 (17.8)

C. albicans + C. parapsilosis 5 (11.1) - 1 (2.2)

C. tropicalis + C. parapsilosis - 3 (6.7) -

C. parapsilosis + R. mucilaginosa - - 1 (2.2)

Candida spp + C. parapsilosis 5 (11.1) - -

Candida spp. 3 (6.7) - -

Negative - 1 (2.2) -

TABLE 1: The types of Candida spp. with FISH, 
PCR-RFLP and conventional culture methods. 

ND: Not determined because C. tropicalis specific probe was not used.
FIS: Fluorescence in situ hybridization.
PCR-RFLP: Polymerase chain reaction-restriction fragment length polymorphism.
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TABLE 2: The general characteristics of patients with candidemia and comparison of patients with single and
multiple-species candidemia detected with FISH. 

Variable Candidemia Single species candidemia Multiple-species candidemia P valuea,b

(n= 45) (n= 35) (n= 10)

Candidemia 45 (100) 35 (77.8) 10 (22.2)

Age (mean, years) 42.80 ± 23.55 44.57 ± 23.72 36.50 ± 22.98

Age groups 0.248a

<20 9 (20) 6 (66.7) 3 (33.3)

21-40 8 (17.8) 7 (87.5) 1 (12.5)

41-60 17 (37.8) 12 (70.6) 5 (29.4)

<61 11 (24.4) 10 (90.9) 1 (9.1)

Sex 0.366a

Female 17 (37.8) 12 (70.6) 5(29.4)

Male 28 (62.2) 23 (82.1) 5 (11.1)

Underlying Diseases 0.148a

Haemotologic malignancy 4 (8.9) 4 (100) 0 

Solid malignancy 10 (22.2) 9 (90) 1 (10)

Others 31 (68.9) 22 (71) 9 (29)

Hospitalization /day (mean) 35.96 ± 30.60 39.20 ± 32.47 25.30 ± 20.76

<10 3 (6.7) 1(33.3) 2 (66.7) 0.338a

11-30 22 (48.9) 17 (77.3) 5 (22.7)

31-50 13 (28.9) 11 (84.6) 2 (15.4)

>51 7 (15.6) 6 (85.7) 1 (14.3)

Catheter use 45 (100) 35 (77.8) 10 (22.2)

Single 10 (22.2) 9 (90) 1 (10) 0.292a

Multiple 35 (77.8) 26 (74.3) 9 (25.7)

Urinary catheter 0.370a

Yes 36 (80) 27 (75) 9 (25)

No 9 (20) 8 (88.9) 1 (11.1)

Periferic venous catheter

Yes 25 (55.6) 20 (80) 5 (20) 0.688a

No 20 (44.4) 15 (75) 5 (25)

Central venous catheter 

Yes 12 (26.7) 9 (75) 3 (25) 0.787a

No 33 (73.3) 26 (78.8) 7 (21.2)

Jugular catheter

Yes 12 (26.7) 7 (58.3) 5 (41.7) 0.058a

No 33 (73.3) 28 (84.8) 5 (15.2)

Antibiotic use

Yes 43 (95.6) 34 (79.1) 9 (20.9) 0.377a

No 2 (4.4) 1 (50) 1 (50)

Single 12 (27.9) 9 (75) 3 (25) 0.624a

Multiple 31 (72.1) 25 (80.6) 6 (19.4)

Antibiotic

Glycopeptide 1 (2.3) 1(100) 0 0.181a

Anti-pseudomonal 19 (44.2) 15 (78.9) 4 (21.1)

Glycopeptide+beta lactam 8 (18.6) 8 (100) 0 

Others 15 (34.9) 10 (66.7) 5 (33.3) cont’d
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abi lity to de tect mi xed in fec ti ons may be de pen -
dent on the pre fer red met hod, and con ven ti o nal
met hods may be in suf fi ci ent to de ter mi ne the mi -
xed in ci dents. CHRO Ma gar Can di da me di um may
be pro mi sing in de tec ting Can di da spp. in mi xed
cul tu res.  In a re cent study, Jen sen et al. re por ted
that no ca se of mi xed fun ge mi a co uld be de tec ted
in 217 epi so des pri or to CHROM-agar Can di da me -
di um, whe re as 15 epi so des of mi xed fun ge mi a
(2.8%) over 530 epi so des we re de mons tra ted by

using CHRO Ma gar Can di da me di um.13 On the ot -
her hand, in the fol lo wing study, con ven ti o nal
met hods li ke CHRO Ma gar Can di da me di um yi el -
ded lo wer ra tes of MSC. Ho we ver, mo le cu lar met -
hods, par ti cu larly FISH met hod, al lo wed de tec ti on
of mul tip le-spe ci es in fec ti ons. Many stu di es in di -
ca ted that FISH met hod can iden tify mic ro or ga -
nisms with very high sen si ti vity (100%) and
spe ci fi city (100%) and mi xed in fec ti ons can al so be
de tec ted by this met hod.22-24 Be si de this, ot her stu -

Antifungal drug use

Yes 25 (55.6) 20 (80) 5 (20) 0.688a

No 20 (44.4) 15 (75) 5 (25)

Antifungal drug 

Amphotericin B 3 (12) 3 (100) 0 0.116a

Fluconazole 8 (32) 7 (87.5) 1 (12.5)

Liposomal amphotericin B 10 (40) 9 (90) 1 (10)

Caspofungin 3 (12) 1 (33.3) 2 (66.7)

Fluconazole+amphotericin B 1 (4) 0 1 (100)

Total parenteral nutrition

Yes 22 (48.9) 19 (86.4) 3 (13.6) 0.175a

No 23 (51.1) 16 (69.6) 7 (30.4)

Corticosteroid

Yes 12 (26.7) 10 (83.3) 2 (16.7) 0.589a

No 33 (73.3) 25 (75.8) 8 (24.2)

Unit 0.024a

Internal medicine units 25 (55.6) 18 (72) 7 (28) 0.001b

Medical surgery units 12 (26.7) 12 (100) 0 0.001b

Intensive care unit 8 (17.8) 5 (62.5) 3 (37.5) 0.302b

Status 

Exitus 18 (40) 14 (77.8) 4 (22.2) 1.00a

Discharge 27 (60) 21 (77.8) 6 (22.2)

Candida spp. 0.001a

C. parapsilosis 22 (48.9) 21 (100) 0 

C. albicans 10 (22.2) 10 (100) 0

C. albicans +C. parapsilosis 5 (11.1) 0 5 (100)

Candida spp.c + C. parapsilosis 5 (11.1) 0 5 (100)

Candida spp.c 3 (6.7) 3 (100) 0 

Concomitant non-fungal

Infection 0

Breakthrough candidemia 0.101a

Yes 5 (11.1) 5 (100) 0 

No 40 (88.9) 30 (75) 10 (25)

TABLE 2: cont'd.

a: Chi-squared test. b:Two proportions test. c. The samples detected as Candida spp., with FISH were identified as C. tropicalis with PCR-RFLP and conventional culture methods. 
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di es ha ve in di ca ted that PCR-EI A and se mi-nes ted
PCR were mo re sen si ti ve than ro u ti ne phe noty pic
met hods for the de tec ti on and iden ti fi ca ti on of mi-
c ro or ga nisms in mi xed cul tu res.30,31 Mo le cu lar met -
hods may be mo re use ful in the di ag no sis of mi xed
in fec ti on than the con ven ti o nal cul tu re met hods.
Ho we ver, the ra te of mul tip le-spe ci es de tec ted by
FISH met hod was fo und to be hig her than PCR-
RFLP.  PCR-RFLP might be af fec ted by ne ga ti ve
fac tors such as sto ra ge and trans port of samp les, in-
hi bi tors in blo od and the pre sen ce of a small amo -
unt of the DNA in the samp le, these and may be
responsible for the diffence. The re fo re FISH may
be a mo re su i tab le met hod for the de tec ti on of mul-
tip le-spe ci es can di de mi a.

The high ra te of MSC in the pre sent study can
be re la ted to cat he ter-re la ted no so co mi al in fec ti -
ons, be ca u se all pa ti ents had cat he ters and C. pa ra-
p si lo sis was the most com mon Can di da spp. in
mi xed cul tu res. Le vin et al. re por ted an out bre ak
of C. pa rap si lo sis fun ge mi a re la ted to long-term
cen tral ve no us cat he ters and hand hygi e ne of he -
alth ca re wor kers we re qu es ti o ned be ca u se of sli me
pro duc ti on of the stra ins.32 Si mi larly, Otag et al.
sho wed that the most fre qu ently ob ser ved spe ci es
were C. pa rap si lo sis (51.8%) in blo od cul tu res.33

The se re ports are com pa tib le with our fin dings in-
di ca ting an in cre a se in the in ci den ce of non-al bi -
cans Can di da spp. in the in ten si ve ca re units of our

hos pi tal. In the fu tu re, as the mo le cu lar met hods
are used for the iden ti fi ca ti on of Can di da spp. in
blo od cul tu res, the incidence of mi xed epi so des
may in cre a se in in ci den ce. 

The mor ta lity ra te of MSC was 22.2% in our
study. Verg he se et al., Pu li mo od et al. and Gu er ra-
Ro me ro et al. fo und the mor ta lity ra tes in mi xed
sep ti ce mi a as 78%, 43% and 59%, res pec ti -
vely.15,28,34 Ho we ver, the mor ta lity ra te in the pa ti -
ents with MSC was not hig her than tho se with SSC.
Si mi lar to the pre sent study, Pu li mo od et al. and
Gu er ra-Ro me ro, et al. ha ve ob ser ved the sa me ten-
dency with si mi lar mor ta lity ra tes.15,28

The ra te of MSC in pa ti ents tre a ted with cas -
po fun gin was hig her than tho se with SSC in this
study. Ho we ver, alt ho ugh all the pa ti ents tre a ted
with cas po fun gin had di ed, re sis tan ce pat tern of
iso la tes from pa ti ents with MSC tre a ted with cas -
po fun gin we re not de ter mi ned in this study. Mo re-
o ver, the num ber of pa ti ents with MSC tre a ted
with cas po fun gin was small for a statistical analy-
sis. Furt her pros pec ti ve stu di es wo uld be help ful in
un ders tan ding of this mat ter.

Bre akt hro ugh can di de mi a oc cur red in 11.1%
of the pa ti ents and all of the se had SSC in this
study. Mor ta lity ra te was 20% in the se pa ti ents. Si -
mi lar to the pre sent study, Uzun et al. fo und that
the in ci den ce was 10.2% in can cer pa ti ents.20 In

Age/sex Underlying disease Associated factors Candida spp. HP/day Antibiotic use Antifungal use Status 

58/F Chronic myeolid leukemia PVC, Corticosteroid C. glabrata 18 Imipenem AmB Discharge

63/M Bladder Urinary catheter, C. albicans 28 Piperacillin Fluconazole Discharge 

Tumor PVC, TPN Tazobactam 

Gentamicin

32/M Acute lymphoblastic leukemia PVC, TPN C. parapsilosis 35 Meropenem AmB Exitus 

Corticosteroid Amikacin

Teicoplanin

46/M Necrotizing pancreatitis Urinary catheter C. parapsilosis 27 Imipenem AmB Discharge 

Jugular catheter Vancomycin

7/M Non Hodgin lymphoma PVC, TPN C. parapsilosis 57 Cefepime AmB Discharge

Corticosteroid 

TABLE 3: The main characteristics of patients with breakthrough candidemia (n= 5).

HP: hospitalization period; AmB: amphotericin B; PVC: peripferic venous catheter; TPN: total parenteral nutrition; F: female; M: male.
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one study on can cer pa ti ents, Chung et al. ob ser -
ved bre akt hro ugh can di de mi a in 18.5%.17 The se
aut hors sta ted that the mor ta lity ra tes we re 85.7%
and 42.9% in bre akt hro ugh and non-bre akt hro ugh
can di de mi a gro ups, res pec ti vely. Bok to ur et al. re-
por ted that the ra te of bre akt hro ugh can di de mi a
was hig her in MSC com pa red to sing le-agent
ones.29 The epi so des of bre akt hro ugh can di de mi a
we re re por ted to be ca u sed by non-al bi cans Can-
di da spp.17,35 In the pre sent study, the most pre va -
lent Can di da spp. was C. pa rap si lo sis (60%) in
pa ti ents with bre akt hro ugh can di de mi a. Si mi larly,
Pas qu a lot to et al. ob ser ved si mi lar fi gu res in di ca -
ting that non-al bi cans Can di da spp. (ma inly C. pa -
rap si lo sis 30%) we re res pon sib le from 75% of the se
in fec ti ons.16 In this study, the fol lo wing risk fac tors
we re cor re la ted with bre akt hro ugh can di de mi a; se-
ri o us un derl ying di se a ses, cat he ter use, use of an ti -
bi o tics and an ti fun gal drugs, and pro lon ged
hos pi ta li za ti on.

In conc lu si on, the in ci den ce of MSC was un-
ex pec tedly high in our hos pi tal. Yet, MSC had a less

se ve re out co me than SSC. The dis tinc ti ve di ag no sis
of the MSC is cli ni cally dif fi cult and it may be mis -
sed by con ven ti o nal met hods. The re fo re, mo le cu -
lar met hods, es pe ci ally FISH may be pre fer red for
iden ti fi ca ti on of Can di da spp. Alt ho ugh, the af fect
of MSC is not cle ar on the prog no sis of the pa ti ent
and the de ve lop ment of bre akt hro ugh can di de mi a,
FISH met hod may be important for the iden ti fi ca -
ti on of re sis tant fun gus and ta i lo ring suc cess ful and
ef fec ti ve tre at ment. The re are only a few stu di es in
li te ra tu re on MSC, and the cli ni cal im por tan ce of
this en tity is still to be re cog ni zed. In the fu tu re, as
the num ber of stu di es in cre a ses and mo le cu lar met -
hods are routinely used in the di ag no sis, the cli ni -
cal im por tan ce of MSC may be un ders to od bet ter.
In our hos pi tal, ind wel ling cat he ters and tre at ment
with mul tip le an ti bi o tics are con si de red as the ma -
in risk fac tors for can di de mi as. In or der to re du ce
the mor bi dity and mor ta lity of can di de mi a, li mi ted
use of bro ad spec trum an ti bi o tics, re mo val of ind -
wel ling cat he ters and ini ti a ti on of an ti fun gal the r-
apy are cru ci al for ma na ge ment in hos pi tals.
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