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MEDICAL MYCOLOGY

Diffination Of The Fungi

About

“I'd say it's a fungal infection.”
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CANDIDA & CANDIDIASIS
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MUCOSAL SAPROTROPHS
C. ALBICANS MUCOCUTANEOUS INVOLVEMENT
C. DUBLINIENSIS

C. TROPICALIS .
& KRUSE, 1- ORAL: THRUSH, GLOSSITIS,

C. GLABRATA
C. ALBICANS STOMATITIS, CHELITIS, PERLECHE

C.GLABRATA
C. TROPICALIS 2- VAGINITIS & BALANITIS

C. PARAPSILOSIS

C. ROBUSTA

C. RHAGII 3- BRONCHIAL & PULMONARY
C

. PARAPSILOSIS

C. GUILLIERMONDI _
C. AURIS 4- ALIMENTARY: ESOPHGITIS,

CUTANEOUS SAPROTROPHS
CANDIDA GILLIERMONDII GASTRITIS, PERITONITIS, ENTERIC

C. PARAPSILOSIS
C. KRUSE| & PERIANAL DISEASE

C. PSEUDOTROPICALIS

C. AURIS 5- CHRONIC MUCOCUYANEOUS
-EAR FLORA

C. ROBUSTA CANDIDIASIS
C. RHAGII

C. PARAPSILOSIS

C. GUILLIERMONDI
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CUTANEOUS INVOLVEMENT

1- INTERTRIGINOUS & GENERALIZED CANDIDIASIS
2- PARONICHIA & ONYCOMYCOSIS

3- DIAPER DISEASE (NAPKIN CANDIDIASIS)

4- CANDIDAL GRANULOMA

SYSTEM,IC INVOLVEMENT

1- URINARY TRACT

2- ENDOCARDITIS

3- MENINGITIS

4- SEPTICEMIA

5- IATROGENIC CANDIDEAMIA (BARRIER BREAK CANDIDEAMIA)
6- DISSEMINATION TO OTHER ORGAN SYSTEMS

ALLERGIC DISEASES

1- CANDIDIDIS
2- ECZEMA
3- ASTHMA
4- GASTRITIS
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1.29%

14.65%

36.26%

- Oral candidosis
- Genital candidosis

Onychomycosis
Cutaneous candidosis
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1.10%
0.14%

0.61%

0.04%

m C. albicans

m C. glabrata complex

m C. tropicalis

m C. parapsilosis complex

m C. parapsilosis sensu stricto

" C. orthopsilosis
m C. metapsilosis

m C. Kkrusei
w C. famata (Debaryomyces hansenii)
m C. guilliermondii (Meyerozyma guilliermondii)
m C. lipolytica
= C. zeylanoides
C. dubliniensis
C. lusitaniae
C. utilis

C. rugosa
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Candida auris:

A drug-resistant germ that
spreads in healthcare facilities

Candida auris (also called C. auris) is a fungus that causes serious infections. Patients with
. auris infection, their family members and other close contacts, public health officials,
laboratory staff, and healthcare workers can all help stop it from spreading.

Why is Candida auris a problem?

e

It causes serious infections. C. aurs can cause bloodstream infections and even death, particularly in
hospital and nursing home patients with serious medical problems. More than 1 in 3 patients with invasive
. auris infection (for example, an infection that affects the blood, heart, or brain) die.

&>

It’s often resistant to medicines. Antifungal medicines commonly used to treat Canaida infections
often don’t work for Candida auris. Some C. aurfs infections have been resistant to all three types of
antifungal medicines.
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It’s becoming more common. Although C. auris was just discovered in 2009, it has spread quickly and
caused infections in more than a dozen countries.

7S

=R

It's difficult to identify. C. auris can be misidentified as other types of fungi unless specialized laboratory
technology is used. This misidentification might lead to a patient getting the wrong treatment.

i H

It can spread in hospitals and nursing homes. C. auris has caused outbreaks in healthcare facilities and
can spread through contact with affected patients and contaminated surfaces or equipment. Good hand hygiene
and cleaning in healthcare facilities is important because C. auris can live on surfaces for several weeks.
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Candida auris
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Candida auris
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Global distribution of Candida auris
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Global distribution of Candida auris
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Global distribution of Candida auris
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Global distrbution of Candida auris
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Global distribution of Candida auris
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Figure: Characterisation
of pan-resistant Candida
auris (A) Pan-resistant C
auris susceptible to two-
drug combinations
flucytosine and
amphotericin B, azole or
echinocandins,
representative data for C
auris 19-4. (B) Time-kill
curve with amphotericin
B, or echinocandins
alone, or in combination
with flucytosine,
representative data for C
auris 19-43. (C) Four
pan-resistant C auris
strains, distinct sub-
cluster among New York
strains. Neighbour
joining tree derived from
whole genome
assemblies of strains
representing all known
clades.
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Figure: Characterisation of
pan-resistant Candida
auris (A) Pan-resistant C
auris susceptible to two-
drug combinations
flucytosine and
amphotericin B, azole or
echinocandins,
representative data for C
auris 19-4. (B) Time-kill
curve with amphotericin B,
or echinocandins alone, or
in combination with
flucytosine, representative
data for C auris 19-43. (C)
o b, Four pan-resistant C auris
¥ a strains, distinct sub-cluster
F ", among New York strains.
% Neighbour joining tree
] derived from whole

% genome assemblies of
strains representing all
known clades.
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Table VIil. Classification Table: Criteria for defining a case of Candida auris

Clinical Cases

Colonization/Screaning
Cazeos

Climical
Swuspect

Clinical
Probable

Clinical
Comfirmmed

Colonizationd | Colonization)
Screening Socreening
Prabable Cionfirmeasd

Clinical Evidence

[ Ko g L=] [

Laboratory evidence

Dretection of C. awns from any body site using either
culure or culture independent diagnostic test (e.q., PCR)

Dretection of O, Aaermulond from any body site using a
yveast identification method mot abile to detect O awis
(Appendix 1)

Climkcal specimen was obtained during the mormal course
of care

Specimen from a swab was obtained for the purpose of
colonization screening

Isolatefspaecimen is not available for further testing or has
ot yel undergone further testing

fofogic evidernce

Resided within the same household with another person
with confirmatory or presumptive laboratory evidence of
C. aurs infection or colonization

Received care in the same healthcare facility as another
person who had confirmatory or presumpltive laboratory
evidence of C. aurs infection or colonization within the:
pricr 12 months

Received care in a hhealthcane facility that commoniy
shares patients with another facility that had a patient
with confirmatory or presumptive laboratory evidence of
C. awrs infection or colonization within the prior 12
rmicnths

Stayed overnight in a healthcare facility in the previous
arve year in a foreign country with documented C. aun's
transmission

Absence of epidemiclogic link 1o a confirmed case

Criteria to disfinguish a new case:

For clinical cases, count patient once regardiess of if a
new event occurs

For colonization/scresning cases, count patient amly
once regardless of the interval between testing (assumes
patient is always colonized)

A person with a colonizaticn/screaning case can later
hawve a separate clinical case

[

A patient with a clinical case should not be counted as
having a colonization/screening case thereafier

M

2018 Fempdabe

Poles:

M= S0 M7 criberia im e sarms coburmn ane NECESSAaRY h’}ﬂlﬂ'&ﬁlf}' a case A number folowimg an T

e R e el e

A L T L

imrdesates thal this carilermon is only

L N T, e L L L T T B P T
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Algorithm to identify Candida auris based on

Identification
Method

Database/
Software

=Te]
=
=
=
=
2
=
=

Determination

phenotypic laboratory method

Bruker Biotyper
MALDI-TOF

A

RUO libraries
Ca System library
(Versions 2014 [S627] (Version Claim 4)

and more recen t]
C. au C. o
C. owuris C. guris
confirmed confirmed

C. auris confirmed: Place patient in transmission-based
precautions, report to CDC (candidaauris@cdc.gov),

and notify state and local health departments.
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Algorithm to identify Candida auris based on phenotypic laboratory method

8
5 2 bioMérieux VITEK MS
= © MALDI-TOF
T =
= /\
T e
E g RUO library VD library Older IVD
= {with Saramis Version 4.14 database (v3.2) libraries
E 3 and Saccharomycetaceae update)
an
=
z
;| C. ouris C. auris C. haemulonii C. lusitanioe No
] identification
=
=
5
m
= C. ouris C. auris C. ouris possible: C. ouris possible: C. ouris possible:
E confirmed confirmed Needs further work-up Needs further work-up Needs further work-up
1]
L]
[

C. auris confirmed: Place patient in transmission-based
precautions, report to CDC (candidaauris@cdc.gov),
and notify state and local health departments.
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Algorithm to identify Candida auris based on phenotypic laboratory method

VITEK 2 ¥5T

Software version 2.01* Older versions
B
i
=
—_ , , , Condide spp. , , Candida spp.
—
® C. @uris C. haemulanit C. duobushaemulanit ot identified C. haemulanif C. duobushaemulonil not identified
]
| =
L=
-
’_? C. @uris C. auris possible: C. auris possible: C. auris possible: C. auris possible: C. ouris possible: C. ouris possible:
..E, confirmed Meeds further Meeds further Meeds further Needs further Meads further Meeds further
E work-up work-up work=up work-up work-up work-up

C. auris confirmed: Place patient in transmission-based precautions, report to CDC
(candidaauris@cdc.gov), and notify state and local health departments. C. auris
possible: Further work-up needed to determine if actually C. auris. Send isolates to a
reference lab, a state public health lab, a regional lab, or CDC for further identification.
Place patient in transmission-based precautions and notify state and local health
departments and CDC (candidaauris@cdc.gov). * There have been reports of C. auris
being misidentified as C. lusitaniae and C. famata. A confirmatory test such as

cornmeal agar may be warranted for these species.
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Algorithm to identify Candida auris based on
phenotypic laboratory method

API 20C
Rhndﬂ/\wﬂ N
glutinis C. sake not identified

Characteristic red
color present?

N

Mo Yies

(

C. auris possible: Likely not C. auris possible: L. ouris possible:
Meeds further work-up C. ouris Meeds further work-up Meeds further work-up

Initial finding

=
(-]
2
E
Z
a

C. auris possible: Place patient in transmission-based precautions and notify
state and local health departments and CDC (candidaauris@cdc.gov). Send any
iIsolates suspected to be C. auris to a reference lab, a state public health lab, a
regional lab, or CDC for further identification. Likely not C. auris: No further C.
auris-related action required.
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Algorithm to identify Candida auris based on phenotypic laboratory method

=

=] 5
g8
& = APl ID 32C

=i

£ =
=

[T2]

5=

= Saccharomyces Condida spp.
= y

= C imtermexio C. sake Kluyver! not identified
=

£

| =

=

=]

2 . ourls possible: €. auris possible: €. auris possible: C. ourfs possible:
E Needs further work-up Needs further work-up Needs further work-up Needs further work-up
Qb

=1

C. auris possible: Further work-up needed to determine if actually C. auris. Send
isolates to a reference lab, a state public health lab, a regional lab, or CDC for
further identification. Place patient in transmission-based precautions and notify
state and local health departments and CDC (candidaauris@cdc.gov).
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Algorithm to identify Candida auris based on
phenotypic laboratory method

BD Phoenix

/ \
/ \”m oo

C. catenulata C. haemulonii naot identified

Identification
Method

L. ouris possible: C. guris possible: C. ouris possible:
Needs further work-up Needs further work-up Meeds further work-up

=
L-]
=
5=
E
X

C. auris possible: Further work-up needed to determine if actually C. auris. Send
isolates to a reference lab, a state public health lab, a regional lab, or CDC for
further identification. Place patient in transmission-based precautions and notify
state and local health departments and CDC (candidaauris@cdc.gov).

Prof. Abdolhassan Kazemi (MSc, MSPH, PHD & fellowship). School of Medicine. Tabriz Uni. of Med. SCI.



Algorithm to identify Candida auris based on phenotypic laboratory method

MicroScan

Identification

_— ~_

. lusitonioe C. guilliermondil C. parapsilosis C famate Eﬂ:.imtffp&
W - naot iden e
Test using

cornmeal agar

/\

=]
—
=

=
=
L.
=

[=

Mo hyphae or Hyphae ar
pseudohyphae pseudohyphae
present present

Needs further work-up so consider further work-up

_E can rule-out €. lusitanioe Likely to be C. lusitanioe,

= . . ,

= - " i m:l r__ f 'T ) C. guiliermaondii, or C. parapsilosis, but C. guris possible: C. auris possible:
£ - qui “‘—’”‘;ﬂn i, a Ii:.llﬂﬂ-m'ﬂ;r CIERE. cannot rule-out C. ouris. Some & auris Meeds further MNeeds further
£ - Einls possite: strains have had hyphae or pseudohyphae, work-up work-up

C. auris possible: Further work-up needed to determine if actually C. auris. Send
iIsolates to a reference lab, a state public health lab, a regional lab, or CDC for
further identification. Place patient in transmission-based precautions and notify
state and local health departments and CDC (candidaauris@cdc.gov).

Prof. Abdolhassan Kazemi (MSc, MSPH, PHD & fellowship). School of Medicine. Tabriz Uni. of Med. SCI.



Algorithm to identify Candida auris based on phenotypic laboratory method

RaplD Yeast Plus

Identification

. poropsilosis Candido spp.
not identified

Test using
cornmeal agar

/\

Mo hyphae or Hyphae or
pseudohyphae pseudohyphae
present present

Likely to be C. poropsilosis, but cannot .
Can rule-out C. paoropsilosis. rule-out C. auris. Some C. auris strains C. ouris possible:

C. auris possible: Meeds further
h had hyph dohyph
Meeds further work-up Bve Niac TYphae Or pseudotiyphiae, o wWork-up

consider further work-up

=
-
[
]
E
-
]
g

C. auris possible: Further work-up needed to determine if actually C. auris. Send
iIsolates to a reference lab, a state public health lab, a regional lab, or CDC for
further identification. Place patient in transmission-based precautions and
notify state and local health departments and CDC (candidaauris@cdc.gov).

Prof. Abdolhassan Kazemi (MSc, MSPH, PHD & fellowship). School of Medicine. Tabriz Uni. of Med. SCI.



https://www.cdc.gov/candida-auris/media/pdfs/Testing-algorithm by-Method 508 1.pdf

Identification Method Database/Software, if applicable €. ouris is confirmed if £ owris is possible if the following initial identifications
initial identification is are given. Further work-up is needed to determine if
£, ouris. the isolate is £. awris.

3 RUO libraries [Versions 2014 [5627] and more recent) | C ours n/a
Bruker Biotyper MALDI-TOF I~ cystem |th:r-.- {Version CIEllim -uJ : . uris n/a
RUC library {with Saramis Version 4_14 database and
Saccharomycetaceae update) C. guris n/a
bioMeérieu: VITEK M5 MALDI- WD library (v3.2) C. quris nfa
TOF C. haemulonii
C. lusitanioe
Older IWD libraries nfa No identification
C. hgemulonir
C. ducbhushoemuwlonii
VITEK 2 ¥ST Software version 8.01% C. quris Condida spp.__n::ll: identified
C. hoemulamnii
C. ducbhushoemuwlonii
Older versions n/a Condida spp. not identified
Rhodotoruwlo glutings (without characteristic red color)

AP 20C C. soke

n/a Candido spp. not identified
C. intermedia

APl ID 32C C. soke

n/a Soccharomyces kluyveri
C. cotenwlato
BD Phoenix L. haemulanii
nfa Condide spp. not identified
C. lusitanige **
C. guilliermondir™*
MicroScan C. poropsilosis ™™
C. famaoto
nfa Candida spp. not identified
C. poropsilosis ™™
i e nfa Candida spp. not identified
GenMark ePlex BCID-FP Panel C. ourrs nfa

* There have been reports of C. guris being misidentified as C lusitanise and C. fomata on VITEK 2. 4 confirmatory test such as cormmeal agar may be warranted for these species.

=* O guilliermond¥, C. lusitanioe, and C. parapsilosis generally rmake hyphae or pseudohyphae on cornmeal agar. if hyphae or pseudohyphae are not present on commeal agar, the isolate
should raise suspicions of being C ouns as C. owrls typically does not make hyphae or pseudohyphae. Howewer, some C. gurls isolates have formed hyphae or pseudohyphae. Therefore, it
would be prudent to consider any C guitiermondi, C. lusitonioe, and C. poropsilosis isolates identified on MicroScan and any C parapsilosis isolates identified on RaplD Yeast Plus as possible
. owris isolates and further work-up should be considered.

i C. euwris is confirmed: Place patient in transmission-based precautions, report to CDC {candidaauris@cdcgow), and notify state and local health departments.

i C. eweris is possible: Further work-up is needed to determine if actually C owuris. Send isolates to a reference lab, a state public health lab, a regional lab, ar COC for further
identification. Place patient in transmission-based precautions and notify state and local health departments and C0C |candidaauris @ode. gowv).

Prof. Abdolhassan Kazemi (MSc, MSPH, PHD & fellowship). School of Medicine. Tabriz Uni. of Med. SCI.
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The table below summarizes common misidentifications based on the yeast identification method used. If any of

the species listed below are identified using the specified identification method, or if species identity cannot be
determined by any method, further characterization using appropriate methodology should be sought.

Common misidentifications for C. auris by yeast identification method

Identification Method Organism C. auris can be misidentified as

Mo misidentifications of Candida auris. Bruker
Bruker MALDI Biotyper (FDA database) . . .
MALDI-TOF is able to accurately identify C. auris

bioMérieux VITEK MS (IVD/RUQO database) Candida haemulonii

Candida haemulonii
VITEK 2 YST (Ver. 8.01 or older)
Candida duobushaemulonii

Rhodotorula glutinis (characteristic red color not
AP 20C present)
Candida sake

Candida haemulonii
BD Phoenix yeast identification system
Candida catenulaia

Candida famaita

Candida guilliermondii’

MicroScan
Candida lusitaniae’
Candida parapsilosis”
RaplD YEAST PLUS Candida parapsilosis™*

‘C. gu;merm-::rndu C. .fusaramae and C. parapsilosis QEHEFE“}' make hyphae or pseudnhyphae on cﬂrnr‘neal agar. If

Prof. Abdolhassan Kazeml (MSc, MSPH, PHD&feIIowshlp) School of Medlcme Tabriz Uni. of Med SCI



VITEK ID-YST System

The new VITEK 2 system is a fully automated system dedicated to the identification
and susceptibility testing of microorganisms. In conjunction with the VITEK ID-YST
card the VITEK 2 system allows the identification of clinically important yeasts and
yeast-like organisms in 15 h due to a sensitive fluorescence-based technology. The
ID-YST card consists of 47 biochemical reactions. The database comprises 51 taxa,
including newly described species. In this study we evaluated the reliability of the
VITEK ID-YST card for the identification of yeasts and yeast-like organisms
encountered in a clinical microbiology laboratory. A total of 241 strains representing 21
species were studied. The strains were isolated from clinical samples within a period
of 60 days prior to the identification. The tests were performed using 24-h to 55-h
subcultures on Sabouraud-gentamicin-chloramphenicol agar. Each strain was tested
in parallel using the ID 32C strip as a comparison method combined with microscopic
morphology and an agglutination test for C. krusei. Overall, 222 strains (92.1%) were
unequivocally identified including 11 isolates (4.6%) identified with low discrimination
resolved by simple additional tests. Ten strains (4.1%) for which results were given
with low discrimination could not be unequivocally identified with supplemental tests, 4
strains (1.7%) were misidentified and 5 strains (2.1%) could not be identified. In
conclusion, we found that the VITEK 2 system is a rapid and accurate method for the
identification of medically important yeasts and yeast-like organisms.

Prof. Abdolhassan Kazemi (MSc, MSPH, PHD & fellowship). School of Medicine. Tabriz Uni. of Med. SCI.



BD Phoenix Yeast ID Panel and Remel RapID Yeast
Plus System for Yeast Identification

Becton Dickinson Phoenix Yeast ID Panel was compared to the
Remel RapID Yeast Plus System using 150 recent clinical yeast
Isolates and the API 20C AUX system to resolve discrepant
results. The concordance rate between the Yeast ID Panel and
the RapID Yeast Plus System (without arbitration) was 93.3%
with 97.3% (146/150) and 95.3% (143/150) of the isolates
correctly identified by the Becton Dickinson Phoenix and the

Remel RaplID, respectively, with arbitration.

Prof. Abdolhassan Kazemi (MSc, MSPH, PHD & fellowship). School of Medicine. Tabriz Uni. of Med. SCI.



How to identify C. auris (CDC)
Diagnostic devices

https://www.cdc.gov/candida-auris/hcp/laboratories/identification-of-c-auris.html

Diagnostic devices based on matrix-assisted laser
desorption/ionization time-of-flight (MALDI-TOF) can
differentiate C. auris from other Candida species. However, not
all the reference databases included in MALDI-TOF devices
allow for detection.

Accurate identification of C. auris can be performed using:
Bruker Biotyper brand MALDI-TOF using the updated Bruker
FDA-approved MALDI Biotyper CA System library (Version
Claim 4) or their "research use only" libraries (Versions 2014
[5627] and more recent)

BioMérieux VITEK (MALDI-TOF) MS using the FDA-approved
IVD v3.2 or their "research use only" libraries (with Saramis Ver

4.14 database and Saccharomycetaceae update).
Prof. Abdolhassan Kazemi (MSc, MSPH, PHD & fellowship). School of Medicine. Tabriz Uni. of Med. SCI.
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PCR
| Real-Time PCR (TaqMan)
| Real-Time PCR (SYBR Green)
' C. auris- specific PCR
| Tetraplex PCR
' Multiplex end-point PCR
| YEAST PANEL Multiplex PCR

| Duplex PCR
| 2vr
| Lavp

;
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This Is a mixed culture of Candida
glabrata (purple), Candida
tropicalis (navy blue) and Candida
auris (white, circled in red) on
CHROMagar Candida.

Candida auris on CHROMagar
Candida, here, for example,
displays multiple color
morphs.

Prof. Abdolhassan Kazemi (MSc, MSPH, PHD & fellowship). School of Medicine. Tabriz Uni. of Med. SCI.
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Candida auris Symptoms
In Men and Women
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How to identify C. auris Diaghostic:

Devices based on matrix-assisted laser desorption/ionization time-of-flight
(MALDI-TOF) can differentiate C. auris from other Candida species, but not all
the reference databases included in MALDI-TOF devices allow for detection.
Currently, accurate identification of C. auris can be performed using the
Bruker Biotyper brand MALDI-TOF using the updated Bruker FDA-approved
MALDI Biotyper CA System library (Version Claim 4) or their “research use
only” libraries (Versions 2014 [5627] and more recent) and VITEK (MALDI-TOF)
MS RUO (with Saramis Ver 4.14 database and Saccharomycetaceae
update).VITEK 2 with software version 8.01 is also able to accurately detect C.
auris, though misidentifications may still be possible.

Molecular methods based on sequencing the D1-D2 region of the 28s rDNA

or the Internal Transcribed Region (ITS) of rDNA also can identify C. auris

Prof. Abdolhassan Kazemi (MSc, MSPH, PHD & fellowship). School of Medicine. Tabriz Uni. of Med. SCI.
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Candida auris infections on the rise

The Candida auris fungus, which preys on people with weak immune
systems and is often acquired in hospitals, is spreading across the globe

Candida auris causes infections in bloodstream, ears and existing wounds.

Fungus has also been isolated in respiratory and urine specimens, but
it is not clear if it causes infections in lungs or bladder
GLOBAL CASES (as of Feb 28, 20719) 1996, South Korea:

Belglum
, UK ‘
- France ;

Colombia Spain Taiwan

it 1
Panama Wl 5 Switzerland Malaysia
*' ' Germany -
__Singapore
Austria . \
i . Pakistan
N single cases Venezuela South it
Africa | CHTRESES I ;

- N i Saudi g2
= ransmission Israel Arabia Australia

and multiple —

cases Kenya

C. auris is
regarded as emerging

pathogen due to increasing
infections in multiple countries

Spreads in healthcare settings through
conitact with contaminated surfaces or
equipment, or from person to person

Fungus is resistant to antifungal drugs

and hard to identify with standard laboratory
methods, making it difficult to control
Sources: CDC, New York Times Picture: Associated Press © GRAPHIC NEWS
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LEAST T ANTIFUNNGAL

- MK S C. AURTS TSOLATES RESISTANT 4o AY

{TELLY-LVWE MATRIX f PROTEINS)
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DIAGNOSIS
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