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Fig. 2 Biofilm production
by the strains isolated from
the CCRBSI and
non-CCRBSI study groups.
The biofilm-producing
strains were isolated more
frequently, and with a
significantly enhanced
production in the CCRBSI
group relative to the
non-CCRBSI group (¢
4.25,p = 0.03)

The Correlation Between Biofilm
Production and Catheter Related Blood
Stream Infections Sustained by
Candida. A Case Control Study

Grazia Brunetti, Valeria Visconti, Maria Cristina Ghezzi,
Alessandra Giordano, and Giammarco Raponi
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Candida biofilms on implanted biomaterials: a clinically significant

problem
FEMS Yeast Res 6 (2006)

Gordon Ramage', José Pedro Martinez? & José Luis Lopez-Ribot>

Table 1. Implantable devices in which Candida biofilms develop most

frequently
Usage Infection Main Candida
Device peryear risk (%)  species
Central and peripheral venous S milion 3-8 albicans
catheters glabrata
parapsilosis
Hemodialysis and peritoneal 240000 1-20 albicans
dialysis catheters parapsilosis
Urinary catheters Tensof  10-30 albicans
millions
glabrata
Endotracheal tubes Millions  10-25 albicans
Intracardiac prosthetic devices 400000 1-3 albicans
glabrata
parapsilosis
tropicalis
Breast implants 130000 1-2 albicans
Prosthetic joints 600000 1-3 parapsilosis
albicans
glabrata
Neurosurgical shunts 40000 6-15 albicans
Voice prostheses Thousands 50-100  albicans
tropicalis
Dentures > 5-10 albicans

million glabrata
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Diagnostic of Fungal Infections Related
to Biofilms

Maurizio Sanguinetti and Brunella Posteraro

Despite newer and innovative approaches, the
diagnosis of fungal infections related to biofilms,
most notably those caused by the Candida and
Aspergillus genera, remains difficult.
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RESEARCH ARTICLE

Recent insights into Candida albicans biofilm resistance
mechanisms

Lotte Math¢ - Patrick Van Dijck
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Proposed-biofilm
assoclated resistance
mechanisms

(1) Antimicrobial agents may fail to
penetrate beyond the surface

layers of the biofilm.

(2)  Antimicrobial agents may be

trappEd and destroyed by (b) Multifactorial nature of biofilm antifungal drug resistance
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Biofilm Production by Candida Species and Inadequate Antifungal
Therapy as Predictors of Mortality for Patients with Candidemia”

. 2 ) . . . . . « 9D . .
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. 2 . . P P
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FIG. 2. Annual disiribution of biofilm-producing Condida albicans (A) and non-C. albicans Candida species (L) isolated from BSIs between
2000 and 2004, The amount of biofilm produced was determined by the 27 and XTT reduction methods as described in Materials and Methods




Biofilm Production by Candida spp
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The Changing Epidemiology of Invasive Candidiasis
Candida Glabrata and Candida Krusei as the Leading Causes of Candidemia

in Hematologic Malignancy

Ray Hachem, mo

Hend Hanna, mo

Dimitrios Kontoyiannis, mo
Ying Jiang, ms

Issam Raad, mo

TABLE 4

Distribution of Different Candida Species Causing Candidemia Among
Patients With Hematologic Malignancies During 2 Periods: 1988-1992

Versus 1993-2003*

CANCER June 1, 2008 / Volume 112 / Number 11

No. of patients (%)

Candida species 1988-1992, n = 230  1993-2003,n =281 P

C. albicans 79 (34.4) 38 (13.5) <.0001
C. glabrata 28 (12.2) 86 (30.6) <0001
C. krusei 17 (7.4) 68 (24.2) <.0001
C. parapsilosis 33 (14.4) 39 (13.9) .88

C. tropicalis 53 (23.0) 27 (9.6) <.0001
C. guillermondii 2 (0.9) 4(14) 7

C. lusitaniae 3 (L3 3 (L1 >.99
Mixed Candida species 12 (5.2) 16 (5.7) 81

TABLE 3

Multiple Logistic Regression Analysis of Independent Variables
Predisposing Patients to Candidemia Caused by Different Species

Candida species Independent risk factor OR 95% CI

C. albicans No neutropenia 1.560 1.200-2.440
No fluconazole prophylaxis 3.330 2.040-5.560
Presence of solid tumor 2.500 1.540-4.000

C. tropicalis Neutropenia 2.325 1.287-4.202

C. glabrata . Fluconazole prophylaxis 2.041 1.361-3.060

C. krusei Fluconazole prophylaxis 5.260 2.922-9.468
Neutropenia 5378 2.696-10.727

C. parapsilosis Catheter-related candidemia 2.470 1.587-3.845

OR indicates odds ratio; 95% CI, 95% confidence interval.

* Data from Pittet 1996™ based on a study on the epidemiology of Candidemia in 1988-1992 at the
University of Texas M. D. Anderson Cancer Center. Fluconazole was introduced in 1989 and came

into heavy prophylactic use after 1993.
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Epidemiology, Species Distribution,
Antifungal Susceptibility, and Outcome of
Candidemia across Five Sites in Italy and

Matteo Bassetti, Maria Merelli, Elda Righi, Ana Diaz-Martin,
Eva Maria Rosello, Roberto Luzzati, Anna Parra, Enrico
Maria Trecarichi, Maurizio Sanguinetti, Brunella Posteraro,
Jose Garnacho-Montero, Assunta Sartor, Jordi Rello and

Mario Tumbarello
J. Clin. Microbiol. 2013, 51(12):4167. DOI:

TABLE 1 Characteristics of 955 episodes of candidemia stratified by hospital

Data by hospital (1)*

Patient characteristic U(126) T(140) R (456) B(131) S(102) Total (955)
Age (mean [£SD]) (yr) 64.4 (214) 75.9 (16.1) 65 (15) 611(19) 59.1(14) 66.2 (13)
Male sex (n [%]) 79 (63) 73 (52) 252 (55.2) 82 (62.6) 54 (52.9) 486 (57)
Underlying disease/history (n [%)])
Surgery 54 (43) 27 (38) 242 (53.2) 68 (52) 50 (49) 441 (46)
Solid organ transplantation 4(3.2) 0 19 (4.2) 6 (4.5) 4(39) 33(34)
Hematologic malignancy 12(10) 3(4) 24 (5.2) 9(6.9) 12(11.8) 60 (6.3)
HIV 3(2.49) 1(1) 1(L1) 81{6.1) 6(5.9) 19(2)
Solid tumor 47 (37.3) 39 (55) 153 (33.5) 11 (11.5) 35(343) 285 (30)
Cardiovascular disease 72 (57) 12(17) 143 (31.3) 30 (31) 18 (17.6) 275(28.8)
Diabetes mellitus 27 (21.5) 26 (36) 100(21.9) 68 (71.2) 21 (20.6) 242 (25.3)
Distribution of different Candida species
(g [0 /eanlk])
C. albicans 79 (63/1) 77 (55/1) 274 (60.1/1) 78 (59.5/1) 50 (48.1/1) 558 (58.4/1)
C. parapsilosis complex 22(17.4/2) 34 (24/2) 87 (19.1/2) 20 (15.3/2) 23(22.172) 186 (19.5/2)
C. glabrata 11(8.7/3) 14 (10/3) 33(7.2/4) 14 (10.7/4) 71(6.7/4) 79 (8.3/4)
C. tropicalis 9(7.1/4) 6(4/4) 38 (8.3/3) 15(11.4/3) 21(20.2/3) 89 (9.3/3)
Non-albicans Candida spp. 5(2.4/5) 9(7/5) 24 (5.2/5) 4(3.11/5) 3(2.9/5) 45 (4.7/5)

U, Udine; T, Trieste; R, Rome; S, Seville; B, Barcelona.
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Biofilm Production by Candida Species and Inadequate Antifungal

Therapy as Predictors of Mortality for Patients with Candidemia’

Mario Tumbarello,' Brunella Posteraro,” Enrico Maria Trecarichi,’ Barbara Fiori,” Marianna Rossi,'
Rosaria Porta,” Katleen de Gaetano Donati, Marilena La Sorda,” Teresa Spanu,”

Giovanni Fadda,” Roberto Cauda,' and Maurizio Sanguinetti*

Variables associated with

mortality in 294 patients with
candidemia OR (95% CiI) P

Inadequate antifungal

2.35(1.09-5.10) | 0.03
therapy

Infection biofilm-forming

. . 2.33 (1.26-4.30) | 0.007
Candida species ( )

APACHE score 1.03 (1.01-1.15) | 0.001




Mortality (%)

Mortality in Relation to the Amount of
Biofilm Production

non-biofilm
producers

low-biofilm
producers

high-biofilm

producers

Tumbarello M et al JCM 2007



Mortality by Biofilm-Producing Isolates
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Risk Factors and Outcomes of Candidemia Caused by
Biofilm-Forming Isolates in a Tertiary Care Hospital
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Raffaella Losito’, Alessio De Luca®, Maurizio Sanguinetti?, Giovanni Fadda?, Roberto Cauda’,

Brunella Posteraro® x All CBSls
o«

B P =0,004

The median (range) post-CBSI Lt
hospital LOS did not
significantly differ between BF-
CBSI group (20 days [3—189])
and NBF-CBSI group (19 days

This difference between the
groups reached statistical
significance when calculated
only among patients who
survived (32 days [11-189] vs.

60

LOS after CBSI onset, median days

[1—195]).(|0 =0.16), by _ s = = 20.5 days [4-105], respectively,
considering all case patients. , p = 0.004).
= _f\;F isolate 8F isolate

Figure 2. Hospital length of stay (LOS) following the Candida bloodstream Infection (CBSI) onset in all (white box-plots) or surviving
(grey box-plots) patients. Patients were grouped according to the biofim forming (BF) or non-biofilm formeng INBF) Candida Isolate (for all CBSIs)
1 iti-blofilm (HAAB)

or non HAAB antifungal therapy (for 8F CBSIs only). Lines inside the boxes indicate the
xes and whiskers indlicate the interquartile andd total ranges, respectively, Pvalues for

and accoeding Lo recgiving of highly activ

median values, whereas upper and
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Brunella Posteraro®

73 (86.9%) of 84 patients with BF-CBSI have been matched to 73 patients with NBF-
CBSI, based on age, sex, APACHE Ill score, and adequateness of antifungal therapy.

Table 3. Comparison between patients with biofilm-forming (BF) candidemia or non-biofilm-forming (NBF) candidemia in the
matched cohort study.

Variable BF-CBSI group (n=73) NBF-CBSI group (n=73) P-value

Outcome parameters

Initial treatment failure' 26 (35.6) 15 (20.5) 0.04
Hospital LOS after CBSI, days 29431 195 0.007
Hospital mortality 39 (53.4) 22 (30.1) 0.004
Infection-related mortality 32 (43.8) 18 (24.6) 0.01

Antifungal therapy cost € 11,371 £6544 € 61084106 0,02




OPEN a ACCESS Freely available online

© pros ene

Risk Factors and Outcomes of Candidemia Caused by
Biofilm-Forming Isolates in a Tertiary Care Hospital

Mario Tumbarello'*, Barbara Fiori®, Enrico Maria Trecarichi', Patrizia Posteraro®, Angela
Raffaella Losito’, Alessio De Luca®, Maurizio Sanguinetti?, Giovanni Fadda?, Roberto Cauda’,
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For the case-case-control study, BF-
CBSI and NBF-CBSI patients, were
compared with a common control
group, consisting of randomly
selected patients who had been
hospitalized in our center during the
same periods of time and in the
same wards as the case patients, but
who did not have evidence of CBSI/

Table 2. Logistic regression analysis of risk factors for
candidemias by biofilm-forming (BF) and non-biofilm-forming
(NBF) isolates.

Variable OR (95% ClI)
BF CBSI
CVC in place at time of positive blood culture 6.44 (3.21-12.92)
Total parenteral nutrition 5.21 (2.59-10.48)
Diabetes mellitus 4.47 (2.03-9.83)

Urinary catheter in place at time of positive blood 2.40 (1.18-4.91)
culture

NBF CBSI
Total parenteral nutrition 8.41 (3.70-19.08)
CVC in place at time of positive blood culture 5.73 (2.55-12.84)
Antibiotic therapy in previous 30 days 4.48 (1.55-1293)
Surgery in previous 30 days 2.45 (1.04-5.81)

NOTE. CBSI, Candida bloodstream infection; CVC, central venous catheter.
doi:10.1371/journal.pone.0033705.t002
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Biofilm formation is a risk factor for mortality in patients with Candida

albicans bloodstream infection—Scotland, 2012-2013

R. Rajendran’, L. Sherry', C. J. Nile', A. Sherriff', E. M. Johnson’, M. F. Hanson’, C. Williams®, C. A. Munro®, B. J. Jones® and

G. Ramage'
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Azoles were used extensively to treat 82.2% of patients in this study
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IDSA GUIDELINES

Clinical Infectious Diseases 2009;49:1-45

Clinical Practice Guidelines for the Diagnosis
and Management of Intravascular Catheter-Related

Infection: 2009 Update by the Infectious Diseases

Society of America

Leonard A Mermel,' Michael Allon,’ Emilio Bouzs. Deasld E. Craven,' Patricia Flynn,' Naomi P. 0'Grady,

Issam L Raad" Bart J. A. Rijnders.™ Robert J. Sherertz,’ and David K Warren®

Long-term central venous catheter (CVC) - or port (P) - related bacteremia

or fungemia
v v
Complicated Uncomplicated (Fig. 2)
v v ) 4 ‘ h 4 : Y h 4 4
Sepeo Coa '
: : gulase-
Tunnel infection, thombosis, negative Staphylococcus Ente Gram-negative Candida spp.
port abscess endocarditis, staphylococcus aursus badili
osteomyelitis
h 4 v \ 4 v 4 h 4 4
Remove CVC/P May retain May retain Remove
Remove CVC/ & treat with CVCIP & _ Remove the CVCIP & CVC/P & Remove CVC/
P & treat with antibiotics for 4- use systemic | infected catheter use systemic treat for 7-14 P & treat with
antibiotics for 6 weels.fg‘s antibiotic for | and then treat antibiotic for days antifungal
7-10 days osteomye“!Iiﬁs 10-14 days + | with 4-6 weeks of’ 7-14 days + For CVC/P therapy for 14
imi i ibioti after the
in adults antibiotic antimicrobial antibiotic salvage, use days
lock therapy therapy unless the lock therapy systemic & first negative
for 10-14 | patient has for 7-14 days antibiotic lock blood culture
days S Remove therapy for
I Remove exceptions listed CVCIPif 1014 i
CVCIPif ) there is no response,,
there is Recommendation clinical remove CVC/
clinical 80 deterioration P, rule out
deterjoration persisting or endocarditis
persisting or relapsing or
relapsing bacteremia, suppurative
bacteremia, work-up for thrombophleb
work-up for complicated itis , and if not
complicated infection and present treat
infection and treat with antibiotic
treat accordingly for 10-14




Early Removal of Central Venous Catheter

in Patients with Candidemia Does Not

Improve Outcome: Analysis of 842 Patients

from 2 Randomized Clinical Trials

Clinical Infectious Diseases 2010;51(3):295-303

Marcio Nucci,' Elias Anaissie,” Robert F. Betts,’ Bertrand F. Dupont,” Chunzhang Wu,' Donald N. Buell,’

Laura Kovanda,® and Olivier Lortholary®®

Table 5. Multivariate Analysis of the Effect of Early Removal of the Central Venous Catheter (CVC) on Treatment

Success and Survival at 28 and 42 Days after Treatment Initiation in 842 Patients with Candidemia

100y

= Nol removed withn 24 hours N=524
=== Removed within 24 hours ~ N=318

o
~
=

Probabity of poshve blood culuns >

050l P=47
0.50
Treatment success Survival at 28 days Survival at 42 days
Vanable OR {95% CI) P OR (95% ClI) P OR (95% CH g P 0
0.254
CVC removal within 24 h T ———— '
after treatment iniation o
CVC removal NT NT 1.16 (0.79-1.67) 45 1.19 (0.84-1.67) 33 0 10 20 0 40 L7
Dorcrctant naiiteananis NT NT N28 INT1E_N QO m N20 N 18N aGn n2 Day

All patients were treated with micafungin, caspofungin, or I|posomal amphotericin B

1.97 (1.23-3.18)
0.98" (0.97-0.99)

1.46 (0.87-2.47) 16
0.98" (0.97-0.99) 02

Surgery NT NT
QOlder age NT NT
CVC removal within 48 h
after treatment inibation

CVC removal 1.20 (0.86-1.69) 26 1.23 (0.85-1.75) 27 1.25 {0.88-1.75}
Recempt of corticosteroids 0.64 (0.44-0.94) 02 0.77 (0,51-1.16) 21 0.70 10.47-1.02}

0.36 (0.15-0.89) 03 0.38 {0.16-0.90)
0.90° (0.88-0.93) <001 0.91° {0.89-0.93)

0.42 (0.18-0.98) 04
0.93" (0.91-0,96) <001

Parsistant neutropenia
Higher APACHE |l score

Liver failure NT NT 0.22 (0.07-0.72) 01 NT
Surgery 1.25 (0.80-1.95) 33 1.46 (0.86-2 46) 16 1.96 (1.22-3.17)
Oidear age 0.99" (0.98-1.01) 3 0.98° {0.97-0.99) 02 0.98" (0.97-0.99)
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Figure 2. Time to mycological eradication for patients whose central
venous catheter (CVC) was removed within 24 h [A) or 48 h (B) after
mitiation of antifungal therapy, compared with patients whose CVC was
not removed within this time frame.




ESCMID* guideline for the diagnosis and management of Candida
diseases 2012: non-neutropenic adult patients

O. A. Cornely'", M. Bassetti’’, T. Calandra’’, ). Garbino*', B. J. Kullberg®', O. Lortholary®’’, W. Meersseman®’, M. Akova’,

M. C. Arendrup'®, S. Arikan-Akdagli'', ). Bille’, E. Castagnola'?, M. Cuenca-Estrella'’, ). P. Donnelly®, A. H. Groll*, R. Herbrecht'*,
W.W. Hope"'. H.E.)Jensen 17 C. Lass-Flérl'®, G. Petrikkos'?, M. D. Richardsonzo, E. Roilides®', P. E. Verweijs, C. Viscoli** and

A. ). Ulimann®’ for the ESCMID Fungal Infection Study Group (EFISG)

TABLE 7. Recommendations on catheter management in candidaemia

Population Intervention SoR QoE References

Central venous catheter can be removed Remove indwelling lines (not over a guidewire) Il [98]
Central venous catheter cannot be removed Echinocandin, liposomal amphotericin B or amphotericin I, [98]
B lipid complex [90]

[89]

911

[93]

[92]

Azole or amphotericin B deoxycholate D Il [95]

[98]

[73]

[97]

[96]

[94]

@ X

Interventions are intended to clear candidaemia and to improve survival.
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Impact of Treatment Strategy on Outcomes in
Patients with Candidemia and Other Forms of
Invasive Candidiasis: A Patient-Level

Quantitative Review of Randomized Trials

David R. Andes,' Nasia Safdar,' John W. Baddley,? Geoffrey Playford,* Annette C. Reboli,? John H. Rex,* Jack D. Sobel ®

Peter G. Pappas? and Bart Jan Kullberg’ for the Mycoses Study Group®

Table 4. Multivariate Analysis of Host, Disease, and Treatment Factors and Outcome in Patients With

CID 2012:54

Mortality
Organisms® Factor P OR 95% CI Factor
All organisms (n = 978) Age 02 1.01 1.00-1.02  APACHE Il
APACHE Il score .0001 1.11 1.08-1.14  Echinocandin
Immunosuppressive 001 169 1.18-2.44 CVC removed
therapy
Candida tropicalis 01 1.64 1.11-2.39  Study
Echinocandin 02 0.65 45-.94
mp CVC removed 0001 050 .35-.72
Study NS

Reference

(Patient No.; Drugs and

Enroliment Maintenance

Dates) Regimens

Rex et al, 1994 Fluconazole 400 mg/d
[46] (237, vs amphotericin B
1989-1993) 0.5-0.6 mg/kg/d

Mora-Duarte Caspofungin 50 mg/d
et al, 2002 vs amphotericin B
[48] (239; 0.6-0.7 mg/kg/d
1997-2001) (0.7-1.0 for

Rex et al 2003
[45] (236;
1995-1999)

Kullberg et al
2005 [47]
(422;
1998-2003)

Reboli et al
2007 [43]
(245;
2003-2004)

Kuse et al
2007 [41]
(264;
2003-2004)

Pappas et al

2007 [49] (595;

2004-2006)

neutropenic patients)

Fluconazole 800 mg/d
vs amphotericin B
0.6-0.7 mg/kg/d and
fluconazole 800 mg/d

Voriconazole 3 mg/kg
every 12 h for 3 d,
then possible switch
to 200 mg oral twice
daily vs amphotericin
B 0.7-1.0 mg/kg/d
followed by
fluconazole 400 mg/d

Anidulafungin
100 mg/d vs
fluconazole 400 mg/d

Micafungin 100 mg/d
vs liposomal
amphotericin B
3 mg/kg/d

Micafungin 100 or
150 mg/d for =10 d
then possible switch
to fluconazole
400 mg/d vs
caspofungin 50 mg/d
for =10 d then
possible switch to
fluconazole 400 mg/d
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Outcome of Antimicrobial Therapy
in Documented Biofilm-Associated
Infections

A Review of the Available Clinical Evidence

1,2,3 : 12 - _—
Matthew E. Falagas,'*” Anastasios M. Kapaskelis,'* Vasilios D. Kouranos,' Ourania K. Kakisi,"
Zoe Athanassa' and Drosos E. Karageorgopoulos'

The limited available relevant clinical
evidence 1indicates that conventional antimicrobial therapy alone 1s not ade-
quately effective against documented biofilm-associated infections. Although
some regimens might be more appropriate in this setting, further research on
novel therapeutic strategies is needed to improve the outcome of patients with
biofilm-associated infections.
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Effects of Fluconazole, Amphotericin B, and Caspofungin on
Candida albicans Biofilms under Conditions of Flow
and on Biofilm Dispersion’

Priva Uppuluri,’= Anand Srinivasan,” Anand Ramasubramanian,™ and Jose L. Lopez-Ribot'~

ki b Biofilms displayed high levels of
resistance to and this

antifungal exerted minor effects on
dispersion levels.
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Under flow conditions, Caspofungin

exhibited potent activity against
i B - biofilms and drastically reduced biofilm
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In Vitro Activities of Anidulafungin and Other Antifungal Agents
against Biofilms Formed by Clinical Isolates of Different
Candida and Aspergillus Species”t

5 P . . . : o) x = . 3
Barbara Fiori,'# Brunella Posteraro,'$ Riccardo Torelli,' Mario Tumbarello,” David S. Perlin,
Giovanni Fadda,' and Maurizio Sanguinetti'*

For Candida species, high sessile MIC90 (SMIC90) values were exhibited by
fluconazole, voriconazole, and amphotericin B, whereas the anidulafungin

SMIC90s were very low as were those of caspofungin.

Comparatively, Aspergillus species had higher SMIC90 values not only to

amphotericin B and voriconazole but also to the echinocandins.
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Micafungin at Physiological Serum Concentrations Shows Antifungal
Activity against Candida albicans and Candida parapsilosis Biofilms

M. Guembe, ™ J. Guinea,®?9 L. J. Marcos-Zambrano,®® A. Fernandez-Cruz,®P T. Pelaez,®?<9 P. Muioz, P9 E. Bouza®">4

7
850
P 70
60
) B C olbkans 50 W C. albicons
8 C, paropsiloss ™ 40 B C. parapsifosis
3
30
D 20
10 I
0
o o . 9 v ~ “+ > ® @
0 & & & ¥ F © »

0015 003 006 012 025 05

Micafungin concentrations (ug/mL) Micafungin concentrations (pg/mL)

o
1
L

w o
< o -] <
-3
=1

% of re-growth inhibition

% of fungal damage

e
S

-
=

FIG 1 Mean percentages of reduction in metabolic activity (fungal damage) (a) and inhibition of regrowth (b) of Candida biofilms after exposure to different
concentrations of micafungin.

Concentrations of micafungin above 2 g/ml were sufficiently high
to inactivate regrowth of Candida sessile cells.
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Liposomal Amphotericin B Displays Rapid Dose-Dependent Activity
against Candida albicans Biofilms

Gordon Ramage,” Anto Jose,® Leighann Sherry,® David F. Lappin,® Brian Jones,” Craig Williams®

A

= 100“ «1x SMIC,,
X -2y QMIC

Biofilms formed by Candida albicans bloodstream isolates on catheters are an important clinical problem. Devising chemother-
apeutic strategies to treat these in situ is an attractive option. We report here that liposomal amphotericin effectively kills C. al-
bicans biofilms rapidly (12 h) and effectively (>90%) in a dose-dependent manner, whereas caspofungin displays an inverse con-
centration-dependent effect. This study has implications for considering the effective doses of antifungal agents used for catheter

lock therapy.
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In vitro activity of anidulafungin in combination with amphotericin B
or voriconazole against biofilms of five Candida species

A. ValentinlZ E. Cantén?*t, J. Peman!2 M. E. Fernandez-Rivero?, M. A. Tormo-Mas? and J. P. Martinez3t
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Conclusions: Anidulafungin with amphotericin B results in a synergistic effect against C. albicans and C. glabrata
biofilms at serum concentrations of the drugs, but showed no interaction against C. tropicalis and C. parapsilosis
complex. Anidulafungin plus voriconazole showed no interaction against the five Candida species assayed.
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Biofilm-Forming Capability of Highly Virulent,
Multidrug-Resistant Candida auris

Leighann Sherry, Gordon Ramage, Ryan Kean,
Andrew Borman, Elizabeth M. Johnson,
Malcolm D. Richardson,

Riina Rautemaa-Richardson

-Table 1. F’Ianhtcrnic susceptibility pmﬁes of ? antifungals against Candida auns yeast

Planktonic MIC*

Drug Strain 2 Strain 6 Strain 10 Strain 12
Fluconazole =32 =32 =32 =32
j g a 32 1

|§§Eomnum 32 az 2 =32 |

Micafungin 0.5 =0.0625 =0.06 =0.0625

Liposomal amphotericin B 0.25 0.25 0.5 1

Amphotericin B 0.25 0.25 0.5 05

Chlorhexidine, % =0.02 =0.02 =0.02 =0.02

*Walues are mgll except as indicated. All MIC tests were performed on 3 independent occasions, showing identical results each time.

Table 2. Sessile susceptibility profiles of 7 antifungals against Candida auns yeast

Sessile MIC*

Drug Strain 2 Strain 6 Strain 10 Strain 12
Fluconazole =32 =32 =32 =32

j =37 =27 =t .
Caspofungin =32 =32 =32 =32
Micafungin =32 =32 0.25 =32
Liposomal amphotericin B 2 8 16 16
Amphotericin B 2 4 2 4
Chlorhexidine, % =0.02 =0.02 =0.02 =0.02

*Values indicate mg/L except as indicated. Sessile MICs are defined as a 90% inhibition of the metalbolic dye XTT, 2,3-Bis{2-methoxy-4-nitro-5-
sulfophemyl)-2 H-tetrazolium-5-carboxanilide inner salt (Sigma-Aldrich, Dorset, UK) compared with the untreated control; MIC tests were performed on 3
independent cccasions and showed identical results each time.
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Risk Factors and Outcomes of Candidemia Caused by
Biofilm-Forming Isolates in a Tertiary Care Hospital

Mario Tumbarello'*, Barbara Fiori®, Enrico Maria Trecarichi', Patrizia Posteraro®, Angela
Raffaella Losito’, Alessio De Luca®, Maurizio Sanguinetti?, Giovanni Fadda?, Roberto Cauda’,
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Risk Factors and Outcomes of Candidemia Caused by
Biofilm-Forming Isolates in a Tertiary Care Hospital

Mario Tumbarello'*, Barbara Fiori®, Enrico Maria Trecarichi', Patrizia Posteraro®, Angela
Raffaella Losito’, Alessio De Luca®, Maurizio Sanguinetti?, Giovanni Fadda?, Roberto Cauda’,
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Figure 2. Hospital length of stay (LOS) following the Candida bloodstream Infection (CBSI) onset in all (white box-plots) or surviving
(grey box-plots) patients. Patients were grouped according to the biofim forming (BF) or non-biofilm formeng INBF) Candida isolate (for all CBSIs)
and according to receiving of highly active anti-blafilm [HAAB) or non-HAAB antifungal therapy (for 8F CBSIS ondy). Lines Inside the boxes indicate the
medhan values, whereas upper and lower limits of the boxes and whiskers indicate the interguartile andd total ranges, respectively, Pvalues for
statistically significant déferences between the groups are shown
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Mortality by Biofilm-Producing Isolates
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Candida Bloodstream Infections: Comparison of Species Distributions
and Antifungal Resistance Patterns in Community-Onset and
Nosocomial Isolates in the SENTRY Antimicrobial
Surveillance Program, 2008-2009"

Michael A. Pfaller,' Gary J. Moet,' Shawn A. Messer,' Ronald N. Jones."? and Mariana Castanheira'*

TABLE 4, Frequency of antifungal resistance amoag conumunity-
onset and nosocominl bloodstream infection isolates of Candida
spp.: SENTRY Antimicrobial Susveillance Progrium (2008-2009)

% of molates rosistunt (R) 16 coch antifungal®

Species and Nosocomial

antifangal ageal 7( ORIy -Oonsel |
Nint TR Nof SR
C. albucans
Anidubafungin 252 00 403 0,28
Caspofungin 52 0.0 403 0s

C. parapsilosis
Anidulafungin 76 0.0 156 0.0
Caspofungin 76 0.0 156 0.0
Micafungin 76 0.0 156 0.0
Fluconazole 76 6.6 156 5.8

Posaconazole 76 0.0 156 0.0
Voriconazole 76 0.0 156 0.0

Mcalungm ¥ LLEL) K2 LLAL

Fluconazole 52 00 a1 33

Posaconazole s2 00 9 00

Vorwomzole 52 00 4y 22
C. krused

Anidulilungin 1 00 n (LX)
Cuspofungin 4 00 23 87
Micafungmn 4 0.0, 3 (1AL
Posaconazole 4 0on n (1K1
Voriconuzole 1 0.0 23 0.0




(Pharmacotherapy 2010;30(12):1207-1213)

Comparative Efficacy of Echinocandins and
Nonechinocandins for the Treatment of
Candida parapsilosis Infections: A Meta-analysis

Pramodini B. Kale-Pradhan, Pharm.D., Geolfrey Morgan, Sheila M. Wilhelm, Pharm.D., and
Leonard B. Johnson, M.D.

Echinocandins  Other Antifungals Risk Ratio Risk Ratio

Study or Subgroup __Events _ Tota! _ Events Total Weight M-H, Fixed, 5% CI M-H, Fixed, $5% CI

Colombo 2003 14 20 13 20 17.6% 1.08 [0.70, 1.66]

Kuse 2007 33 37 26 30 389% 1.03 [0.86, 1.23}

Mora-Duarte 2002 14 21 13 21 17.8% 1.08 [0.69, 1.69] -

Queiroz-Tesies 2008 10 13 1" 17 129% 1.190.75, 1.88] y

Reboli 2007 7 1" 10 12 13.0% 0.76 [0.46, 1.28] =

Total (95% CI) 102 100 100.0% 1.03 [0.88, 1.21]

Total events 78 73

Heterogeneity: Chi* = 1,76, df =4 (P = 0,78}, P = 0% + t 1 = 4

Test for overall effect Z =0.39 (P = 0.69 s Py AR L e

est lor overa ect: 39 ( 89) Favors other antifungals  Favors echinocanding

Figure 3. Forest plot ol the live studies included m the meta-analysis ol echinocandins versus comparator annfungals for the
treatment o Candida parapsilosis candidemia or invasive candidiasis. M-H = Mantel-Haenszel; Cl = conlidence interval.

Echinocandins  Other Antifungals Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 85% Ci M-H, Random, 95% CI

Colombo 2003 81 a1 55 89 18.0% 1.2210.99, 1.50] g

Kuse 2007 156 175 149 166 252% 0.99 (0.92. 1.07] -

Mora-Duarte 2002 51 73 53 86 16.9% 1130981, 1.42) -

Queiroz-Telles 2008 28 32 27 28 213% 0.91 [0.78, 1.05) -

Reboli 2007 85 108 55 ™4 18.5% 1.35[1.11,1.84)] —

Total (95% CI) 489 463 100.0% 1.09[0.94, 1.27]

Total avents 381 339

Heterogeneity: Tau? = 0,02; Chi* = 19.16, df = 4 (P = 0,0007); " = 79% s o : 3

Test for overall effect: Z = 1.15 (P = 0.25) Favors other ankifungals  Favors echinocanding
Figure 4. Torest plot of the live studies included in the meta-analvsis of echinocandins versus comparator antifungals for the
treatment of non—Candida parapsilosis candidemia or invasive candidiasis. M-H = Mantel-Haenszel, C1 = confidence interval




Initial Use of Echinocandins Does Not Negatively
Influence Outcome in Candida parapsilosis
Bloodstream Infection: A Propensity Score
Analysis

Mario Fernandez-Ruiz,' José Maria Aguado,' Benito Almirante,* David Lora-Pablos,*® Belén Padilla,’
Mireia Puig-Asensio,>® Miguel Montejo,” Julio Garcia-Rodriguez,® Javier Peman,’ Maite Ruiz Pérez de Pipaon,” and
Manuel Cuenca-Estrella'; for the CANDIPOP Project, GEIH-GEMICOMED (SEIMC), and REIPI?

Table 4. Univariate and Multivariate Logistic Regression Analyses of Prognostic Factors for Clinical Failure®

Univariate Analysis Multivariate Analysis

Variable OR 95% ClI P Value Adjusted OR 95% CI P Value®
Orotracheal intubation at diagnosis 4.67 2.32-9.38 .000 2.81 1.19-6.65 .018
Septic shock 7.17 2.63-19.56 .000 2.91 .88-9.64 .081
Hematogenous dissemination 6.75 1.32-34.56 .016 7.42 .67-82.44 .103
Early CVC removal (<48 h) 0.41 .20-.86 .016 0.43 .19-.96 .040
Initial antifungal therapy

Azole-based regimen 1 . C 1 - -

Echinocandin-based regimen 1.34 .60-2.97 479 1.73 .66-4.54 .265

Amphotericin B—-based regimen 0.99 A40-2.45 .989 0.99 .34-2.89 .996

Combination regimen 0.86 .31-2.36 .769 1.06 .33-3.43 .922

Abbreviations: Cl, confidence interval; CVC, central venous catheter; OR, odds ratio.

& All-cause mortality within days 3-30 or persistent bloodstream infection (BSI) for =72 hours from the initiation of antifungal therapy in 177 evaluable episodes of

Candida parapsilosis BSI.
® Hosmer-Lemeshow P = .653.
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Future therapies targeted towards eliminating Candida biofilms and associated
infections

H.M.H.N. Bandara®*, V. H. Matsubara ®*<* and L. P. Samaranayake®*

Table 2. Antifungal activity of natural compounds against a variety of fungal strains.

Natural compound Origin Effective against Reference
Saponins Different plant families C. albicans [188]
Lichochalcone-A Licorice roots of Glycyrrhiza species  C. albicans [189]
Carbohydrate-derived fulvic acid (CHD-FA)  Humic acids (humic substances) C. albicans [190]
Plant peptide (Tn-AFP1) Trapa natans fruits C. tropicalis [191]
Human peptide (ApoEdpLW) Human Apolipoprotein E C. albicans, C. parapsilosis, C. tropicalis, C. glabrata [192]
Tea polyphenols Green tea C. albicans [193]
Cinnamon oil Cinnamomum zeylanicum C. orthopsilosis and C. parapsilosis [194]
Cinnamomum aromaticum C. albicans, C. glabrata, and C. krusei [(195]
(Cinnamomum cassia)
Sesamol Sesame oil C. albicans [196]
Asarones Acorus calamus C, albicans and C. tropicalis [197]
Garlic extract {allyl alcohol) Allium sativum C. albicans [198]

Acteoside (polyphenolic compounds) Colebrookea oppositifolia C. albicans, Cryptococcus neoformans, and Aspergillus fumigatus [199]
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A pre-therapeutic coating for medical
devices that prevents the attachment
of Candida albicans

Diego Vargas-Blanco, Aung Lynn, Jonah Rosch, Rony Noreldin, Anthony Salerni, Christopher Lambert
and Reeta P. Rao'®

Conclusion: We demonstrate that Filastatin treated medical devices prevented adhesion of Candida, thereby reduc-
ing nosocomial infections.
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Antifungal Lock Therapy

Carla J. Walraven,®® Samuel A. Lee®P

New Mexico Veterans Healthcare System, Albuquerque, New Mexico, USA?; University of New Mexico Health Science Center, Albuquerque, New Mexico, USA®

The widespread use of intravascular devices, such as central venous and hemodialysis catheters, in the past 2 decades has paralleled the
increasing incidence of catheter-related bloodstream infections (CR-BSIs). Candida albicans is the fourth leading cause of hospital-
associated BSIs. The propensity of C. albicans to form biofilms on these catheters has made these infections difficult to treat due to
multiple factors, including increased resistance to antifungal agents. Thus, curing CR-BSIs caused by Candida species usually requires
catheter removal in addition to systemic antifungal therapy. Alternatively, antimicrobial lock therapy has received significant interest
and shown promise as a strategy to treat CR-BSIs due to Candida species. The existing in vitro, animal, and patient data for treatment
of Candida-related CR-BSIs are reviewed. The most promising antifungal lock therapy (AfLT) strategies include use of amphotericin,
ethanol, or echinocandins. Clinical trials are needed to further define the safety and efficacy of AfLT.




SCY-078: a novel orally bioavailable 1,3-b-D-glucan synthesis inhibitor

J Antimicrob Chemother 2017; 72: 1969-1976

doi:10.1093/jac/dkx010 Advance Access publication 26 April 2017

Journal of
Antimicrobial
Chemotherapy

The novel oral glucan synthase inhibitor SCY-078 shows in vitro activity
against sessile and planktonic Candida spp.

Laura Judith Marcos-Zambrano®?, Marta Gomez-Perosanz?, Pilar Escribano, Emilio Bouza'™ and
Jesus Guinea

1-4s
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May 2017 Volume 61 Issue 5 e02396-16

The Emerging Pathogen Candida auris:
Growth Phenotype, Virulence Factors,
Activity of Antifungals, and Effect of
SCY-078, a Novel Glucan Synthesis
Inhibitor, on Growth Morphology and
Biofilm Formation

Emily Larkin,® Christopher Hager, Jyotsna Chandra,® Pranab K. Mukherjee,?

Mauricio Retuerto,® Iman Salem,? Lisa Long,® Nancy Isham,® {2 Laura Kovanda,P
Katyna Borroto-Esoda,© Steve Wring,© David Angulo,© Mahmoud Ghannoum?

We conclude that SCY-078 is a promising drug with high antifun-
gal activity against both the planktonic and biofilm forms of Candida
thatis similar to that of micafungin. Future clinical studies on the effi-
cacy of SYC-078 in patients with invasive candidiasis are warranted.

SCY-078, the new orally bioavailable antifungal, had potent antifungal/antibiofilm
activity against C. auris, indicating that further evaluation of this antifungal is
warranted,
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