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MYCOSOSCREEN

REAL-TIME PCR KIT FOR DETECTION
AND TYPING OF PATHOGENS CAUSING
MYCOSES FROM GENERA CANDIDA,
MALASSEZI|A, SACCHAROMYCES AND
DEBARYOMYCES
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CLINICAL SIGNIFICANCE

Infections caused by yeast-like fungi (mycoses) have a wide range of clinical man-
ifestations from local skin lesions, mucous membranes of the urogenital, respira-
tory and gastrointestinal tracts to fungemia and multiple organ damage with a

severe disease and possible death.

Fungal diseases are widespread and are especially dangerous for premature in-
fants, immunocompromised patients and hematological cancer patients [1-3].
The use of cytostatics, corticosteroids, broad-spectrum antibiotics, invasive diag-
nostic and therapeutic procedures leads to the increase of mycoses incidences.

Mycoses are divided into superficial (non-invasive)
and invasive infection by their clinical manifestation [4-7].

Ve

Clinical manifestations of superficial
mycoses depend on the localization
of the fungal infection. Superficial
mycoses manifest lesions of cuta-
neous structures and the mucous
membranes of the oral cavity, oro-
pharynx, esophagus, vagina and in-
testines.
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Invasive mycoses are a severe form
of fungal infection that requires
long-term systemic treatment. The
pathogens penetrate into the blood
and lymph flow [8-9], causing can-
didemia [10], spread throughout
the body, affecting the organs.

o /

The main risk factors of invasive mycoses' development include [11-18]:

o the presence of superficial
(non-invasive) mycoses;

o premature birth;

o the central venous catheter (CVC);
o tracheal intubation;

o drainages, catheters;

o therapy with broad-spectrum
antimicrobials, especially third-
generation cephalosporins and
carbapenems;

=

o

o

total parenteral nutrition (TPN);

surgical interventions on the
abdominal organs, peritoneal
dialysis;

perforation of the gastrointestinal
tract;

pancreatitis;

necrotizing enterocolitis (NEC);

therapy with antacids and
H2-blockers.

The list of potential causative agents of mycoses includes about
400 species of fungi. The most common pathological processes being
caused by yeast-like fungi of the genera Candida, Saccharomyces, De-
baryomyces and Malassezia.
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FUNGI OF THE GENUS CANDIDA

The genus Candida includes more than 100 species, about 20 species are patho-
genic for humans: C. albicans, C. tropicalis, C. krusei, C. kefyr, C. glabrata, C. guil-
liermondli, C. parapsilosis, C. famata, C. auris, C. lusitaniae.

The generic affiliation and list of several species were changed based on the new
knowledges about its genome taking into account their morphological and bio-
chemical features (Table 1).

Changes in the list of some yeast-like fungi

Original title New title
Candida guilliermondii Meyerozyma guilliermondii
Candida krusei Pichia kudriavzevii
Candida famata Debaryomyces hansenii
Candida kefyr Kluyveromyces marxianus

/_7, Candida non-albicans species cause candidiasis more often in recent
.ll“. years (Table 2). One of the reason of it is the irrational use of azole

antimycotics in prophylactic and therapeutic purposes [19].

Candida auris was discovered in 2009, it may cause invasive mycoses with a high
mortality rate (up to 60%). C. auris is antifungal multidrug resistant and some its
strains may be resistant to all three major antifungal drugs’ classes: azoles, poly-
enes, and echinocandins. It is also resistant to environmental factors, including
disinfectants widely used in medical centers. At the same time, C. auris can colo-
nize wide range of surfaces and form stable biofilms, what makes it a significant
threat for the spread of nosocomial candidiasis and invasive candidal infection
[20—24]. Clinical diagnosis of this type of candidiasis is difficult due to the lack of
specific symptoms, and its identification is possible only by physicochemical (for
example, MALDI-TOF) or molecular genetics (PCR) methods.
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Species of Candida non-albicans and associated pathological

conditions

Species

Association with pathology

C. glabrata

- Highly active in biofilm formation.
- The causative agent of vulvovaginal candidiasis, especially in patients

with diabetes mellitus; patients taking maintenance doses of azoles;
and patients who regular douche.

- The most common causative agent of urinary tract infections, endo-

carditis and meningitis among other fungi of the genus Candida.

- The predominant species of Candida non-albicans isolated from

patients with candidemia. Risk factors of candidemia are similar to
those of other species, but mortality from C. glabrata-associated in-
fection is higher than with other Candida species. It is predominantly
the causative agent of candidemia in patients undergoing abdomi-
nal surgery (the risk is higher in patients older than 60 years) and HIV-
infected [19, 25-26].

C. tropicalis

Has a high activity in biofilm formation.

- The causative agent of catheter-associated candidemia and can-

didal osteomyelitis.

- Associated with the development of chronic candidiasis of the oral

mucosa and gastrointestinal tract with necrotic changes (the high-
est risk in immunocompromised individuals, especially oncohema-
tological patients).

May cause candidemia in newborns in the ICU.

- The causative agent of invasive candidiasis in patients with neutro-

penia (acute leukemia, bone marrow transplantation) [27-28].

C. krusei
(Pichia
kudriavzevii)

- Associated with candidemia with a high mortality rate in surgical and

neutropenic patients.

- The causative agent of multiresistant invasive candidiasis [29-31].

C. dubliniensis

- The causative agent of oropharyngeal candidiasis in HIV-infected and

patients with cystic fibrosis (especially with steroid drugs therapy,
cystic fibrosis-associated diabetes mellitus and prolonged antibiotic
therapy).

- May be the causative agent of vulvovaginal candidiasis in non-immu-

nosuppressed patients.

- Associated with the development of eye infections (dacryocystitis and

endophthalmitis).

- Rarely associated with invasive candidiasis in adults [32-34].

C.
guilliermondii
(Meyerozyma

guilliermondii)

- The causative agent of onychomycosis.
- The causative agent of invasive candidiasis in patients with onco-

pathologies (oncohematological diseases, solid tumors and neutro-
penia), patients after cardiovascular or intra-abdominal operations.

- May cause catheter-associated candidemia.
- May be the causative agent of candidal osteomyelitis [27, 35].
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Species Association with pathology

- A common cause of candidemia in ICU neonates and children.

- Associated with the development of candidemia in ICU patients after

C. parapsilosis neurosurgical operations, patients with multiple injuries and infants.

- The causative agent of catheter-associated candidemia and candi-
demia in patients on parenteral nutrition [19, 25-26, 36].

- Associated with chronic adenoiditis and endophthalmitis.
- The causative agent of candidal meningitis.

C. famata . . . .
(Debaryomyces | Qne of th_e F:at_;s_aUye agents of cathet_er—asso_mated fungemia and inva-
hansenii) sive candidiasis in immunocompromised patients.
- The causative agent of disseminated candidiasis (respiratory distress
syndrome, pneumonia, sepsis or candiduria) in preterm infants [37-40].
- May be the causative agent of vulvovaginal candidiasis.
C. kefyr - Associated with chronic tonsillitis, chronic pharyngitis and other my-
(Kluyveromyces | cotic lesions of the upper respiratory tract.
marxianus) - Associated with the development of candidemia in patients with ne-
oplastic myeloproliferative and lymphoproliferative diseases [41-44].
- The causative agent of catheter-associated infection and invasive
candidiasis.
C. aquris - Associated with urinary tract infections, otitis media, surgical wound

infections, skin abscesses (associated with catheter insertion), myo-
carditis, meningitis, bone tissue infections and wound infections [20,
45-47].

- The causative agent of invasive candidiasis, mainly in the exogenous
route of infection.

- The causative agent of vulvovaginal and oropharyngeal candidiasis.

C. lusitaniae |- Etiological factor of late neonatal infections and chronic candidiasis
in patients with cystic fibrosis.

- Associated with the development of candidemia in patients with
hemoblastoses [42, 44, 48].

The treatment of candidiasis is based on four main groups of antimy-
cotics: echinocandins, azoles, polyenes and fluorinated pyrimidines
[35, 38]. Different types of fungi have different sensitivity to antimycotics.
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Laboratory diagnostics of candidiasis is currently based on the following
methods:

o light microscopy of native specimen or microscopy of Gram-stained smears
(detection of yeast budding cells, pseudomycelium);

o microbiological methods are used for pathogen determination (C. albicans
or non-albicans) [49]: blood culture for the diagnosis of systemic infections
and classical culture method with further species identification by biochemi-
cal parameters or MALDI-TOF-MS analysis.

o serological methods include detection of 1,3-B-D-glucan of the fungal cell
wall, detection of circulating antigens of Candida spp. (mannan) and anti-
bodies to Candida spp. (antimannan) in blood serum

o molecular biological methods are designed to detect specific DNA and/or
RNA fragments of Candida spp. and species identification of the pathogen.

FUNGI OF THE GENUS SACCHAROMYCES

Fungi of the genus Saccharomyces are opportunistic microorganisms that nor-
mally present on the mucous membrane of the oral cavity and vagina, in feces
and sputum.

can cause the infectious pathology. Some patients are at higher risk,
including patients with low reactivity of the immune system; prema-
ture babies; patients taking probiotics; food industry workers directly
contacting with brewer or baking yeasts.

u Saccharomyces cerevisiae is one of the most common species which

S. cerevisiae can cause superficial and invasive mycoses: vulvovaginitis, osteomy-
elitis, allergic bronchopulmonary mycosis (most often observed in patients with
cystic fibrosis and bronchial asthma), acute pyelonephritis and fungemia espe-
cially in people with oncopathology, endoprosthesis and other surgical interven-
tions [50 -53].

cal methods recommended by the European Society of Clinical Micro-
biology and Infectious Diseases: determination of b-1-3-D-glucan (BDG)
in blood culture or cultivation on agar, however, diagnostic efficiency of
these assays has not been proven [54]. Molecular genetics methods may
be promising for the identification of causative agents of mycoses and
species differentiation.

@ Diagnostics of diseases associated with S. cerevisiae includes serologi-
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FUNGI OF THE GENUS MALASSEZIA

Fungi of the Malassezia genus are components of the normal microflora of hu-
man skin, but can also cause superficial skin infection or invasive lesions under
certain conditions [55].

The etiological role of Malassezia spp. has been proven in tinea versicolor , sebor-
rheic dermatitis, atopic dermatitis, folliculitis, psoriasis and other skin diseases.
Also, Malassezia fungi can cause fungemia and invasive lesions of the lungs and
heart [2]. There were isolated cases of thrombophlebitis, sinusitis, otitis, menin-
gitis, septic arthritis, soft tissue abscesses associated with Malassezia spp. [2,13].

Significant factors in the pathogenicity of Malassezia spp. are their lipophilicity
and the ability to form a biofilm [57-58]. These peculiarity plays a significant role
in the development of antimycotics resistance. Malassezia spp. are classified as
difficult-to-culture microorganisms, what greatly complicates their study and di-
agnostics [14].

Appropriate treatment depends on the pathogen species and its amount. At the
same time, early therapy can significantly increase the efficiency of treatment.

Real-time PCR method quickly determines causative agent’s species with
high accuracy.

The MycosoScreen kit is designed for detection and typing of patho-
gens causing mycoses from genera Candida, Malassezia, Saccharo-
myces and Debaryomyces in DNA material obtained from human bio-

logical samples, catheter and endotracheal tube washings, and fungal
cultures with an aid of Polymerase Chain Reaction (PCR) method.

INDICATIONS FOR THE USE:

a suspicion for candidiasis, ... infectious control in patients
candidemia, candiduria and '.‘ including risk groups
Candida carrier state

monitoring of the dynamic @ identification of fungal spe-
of colonization normally cies in fungal cultures
non-sterile loci, lesions and v

catheters with fungi

o
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BIOMATERIAL:

o human biological material: e catheter and endotracheal tube
2 blood washings
2 phlegm

= urine e fungal cultures

2 smears/scrapes from respiratory
tract, gastrointestinal and
urogenital tracts

2 faeces

2 bioptates

ADVANTAGES OF PCR DIAGNOSTICS IN COMPARISON
WITH STANDARD METHODS OF DIAGNOSIS OF MYCOSES

O 000

(V)

Possibility of species identification of microorganisms
Identification of difficult-to-culture microorganisms
High speed of assay

Direct method: has high sensitivity and accurate determination
of the causative agent

Possibility to study a wide range of biomaterials

SPECIAL FEATURES OF THE KIT

=

=

Detection of 14 microorganisms, 2 Internal control — assessment
including Candida auris of PCR quality

The possibility of assessment 2 Automatic generation of the
the efficiency of treatment in results form when using the
dynamics (the result of the assay recommended Real-time PCR

is expressed as a decimal loga- instruments of the DT series
rithm of the number of copies of and RealTime_PCR software
DNAtarget in T mL of sample S Availability of preset templates
Multiplex format - several DNA with test parameters, which
targets are detected simultane- automatically set the necessary
ously in one tube settings and calculate the results

Sample intake control (SIC) in
case of using human biomaterial
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KIT SPECIFICATIONS

Composition of the kit:

m Paraffin sealed PCR-mixes
s Tag-polymerase solution

= Mineral oil

Positive control
Strip's caps

The kit is designed for 24 tests, including positive and negative controls.

@ Hands-on time

(without sample preparation): from 1.5 hour.

DETECTION CHANNELS OF AMPLIFICATION PRODUCTS:

strip Detection channel
tube Ne
Fam Hex Rox Cy5
1 Meyerozyma guilliermondii Ic . -
(C.guilliermondi)

2 Candida albicans IC — Pichia kudriavzevii (C.krusei)
3 Saccharomyces cerevisiae IC Marker Candida auris

: o - Clavispora lusitaniae
4 Candida tropicalis IC (Candida lusitaniae)
5 Debaryomyces hansenii IC - Candida dubliniensis

(C.famata)

6 Candida glabrata IC — Candida parapsilosis
7 Malassezia spp. IC — Malassezia furfur
8 Kluyveromyces marxianus sIC -~ _

(C.kefyr)

Analytical sensitivity:

‘ 5 copies of DNA per amplification tube.

RECOMMENDED MATERIALS AND EQUIPMENT

DNA extraction kits

‘ Real-time PCR instruments

PREP-NA DNA/RNA Extraction Kit
PREP-NA PLUS DNA/RNA Extraction Kit
PREP-GS DNA Extraction Kit

PREP-GS PLUS DNA Extraction Kit

DTprime

DTlite

10

produced by DNA-Technology



SOFTWARE

2 RealTime_PCR Software;

Registration andinterpretation of the reaction results are carried out automatically
using the Real-Time PCR software for Real time PCR instruments of the «DT»

series manufactured by «DNA-Technology».

mode Preference  Help

N

.

€5 5 = Protocol Data analysis | 4 RealTime_PCR ‘
|
Protocal Operator Date Cp MycosisScreen (1.46)
Comments ‘ Testname ‘ Cp ‘ Lg ‘ Resultl
= sample_1
Al Me llier... - = =
- H_ yerozyma gui
T | o s en U G- RD 8D S @ b =1
Method: [ Curve Shape (Cp) “ +|[evsee. - Bl Candida abicans == -
Ic 306 42
eelsee Pichia kudriavzevii (... 35.8 3.2 +
1000 c1 Saccharomyces cer... 345 3.5 +
Ic 30.2| 43
=0 Marker = =
00 Candida auris = = =
D1 Candida tropicalis 37.9 2.5 +
700 Ic 30.3| 43
Clavispora lusitania... | - = =
‘8 L E1 Debaryomyces han... - - -
g ic 0.4 43
o 500 e
@ Candida dubliniensis = = =
§ 400 F1 Candida glabrata - - -
IC 30.8 4.2
L Candida parapsiosis s [ o =
G1 Malassezia spp 426 12| -
200
Ic 309 42
100 Malassezia furfur = = =
H1 Kluyveromyces mar... - - -
o SIC 410 L2 =
3 i 15 20 25 30 35 @ 45 A
Number of cycle
e Scale Autof OF | 4-503y-1328 [iog_y E Line E Marker M) View data representation mades

An example of the result of a PCR-assay using the «DT» series real-time PCR
instrument and related software: analysis of optical measurements.
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AN EXAMPLE OF THE RESULTS FORM

4 1
MycosoScreen
Data:
Tube number:
Patient:
Sex: logotype
Age:
Physician:
Comment:
information about laboratory
Sample ID:
N2 Test name Result
1 Meyerozyma guilliermondii (C. guilliermondii) not detected
2 Candida albicans not detected
3 Pichia kudriavzevii (C. krusel) DETECTED (5,6 Lg)
4 Saccharomyces cerevisiae not detected
5 Candida auris not detected
6 Candida tropicalis not detected
7 Clavispora lusitaniae (C. lusitaniae) not detected
8 Debaryomyces hansenii (C. famata) not detected
9 Candida dubliniensis not detected
10 Candida glabrata not detected
n Candida parapsilosis not detected
12 Malassezia spp. not detected
13 Malassezia furfur not detected
14 | Kluyveromyces marxianus (C. kefyr) not detected
15 SIC not detected
Study was carried out by: Data:
Signatyre:
\_ J

Results Form of MycosoScreen PCR analysis was obtained using a real-time PCR

instrument of the «DT» series and related software.

TRANSPORT AND STORAGE CONDITIONS

storage period.

The kit must be stored at temperatures from 2 °C to 8 °C during the

Transportation is allowed in thermoboxes with ice packs by all types of

roofed transport at temperatures from 2 to 25 °C but no more than 5 days.
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