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INTRODUCTION

ABSTRACT

The incline healthcare services and improvements in
technology have elevated resistance or confrontation
amongst microorganisms. The microbial community has
witnessed evolution by emerging variant yet similar strains
which are hard to detect and treat. An upsurge in drug
resistance has hit at last; overuse of drugs should be
prohibited otherwise the future is about to come when there
will be no antibiotic left to control an illness. Prescription of
suitable drugs must be mandatory following accurate
diagnostics to the disease causative agents or factors. The
Matrix Assisted Laser Desorption Ionization-Time of Flight
Mass Spectrometry (MALDI-TOF MS) represents new era of
diagnostics and medical microbiology. This study focus on
utilization of MALDI-TOF MS technique for characterization
and identification of rare yeast species as clinical isolates
screened from critically ill patients with fungal infection. The
commencement of antifungal resistance in a wide spectrum
of atypical yeasts causing fungemia in several hospitals of
India is worrisome. The rising of hospital patients with
compromised immunity are giving way to pathogenic fungi
leading to death of thousands patients. At lower differential
neutrophills count, the invasion of uncommon yeast Candida
albicans (Fungi: Saccharomycetaceae) be able to root a
systemic infection lead to surplus growth of pathogenic rare
yeasts in many organs, and possibly fatal. At this stage,
physicians” often recommend anti-fungal drugs to keep the
controlled yeast populace in patients. But over the time, main
challenge to medical experts during treatment is the
development or emergence of resistance in rare yeast species
against the prescribed drugs, insisting medical and
pharmaceutical scientists to design and formulate more
potent drugs and device rapid, truthful diagnostic
techniques.

KEYWORDS: MALDI-TOF MS, Fungemia, Candidemia,
Rare yeast, Candida species, Rapid diagnosis.

Since ancient period yeasts and fungi have utilized reasonably good associations with humans. These
are cosmopolitan and ubiquitous in abundance, and appear on plant leaves, flowers, soil, salt water,
baked goods and beer, as well as in animal physiological system including gastrointestinal tracts and
skin surfaces, but some verities of yeasts and fungi might be able to set off diseases in healthy people
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also (Kohler et al., 2015). Fungemia is the occurrence of fungi or yeasts in the blood stream. The most
common type of fungemia is caused by Candida species, also known as candidemia, candedemia, or
systemic candidiasis; and can be defined as the presence of Candida species in the blood. The
candidemia is known to among the most widespread bloodstream infections of any kind (Kullberg et
al., 2015; Shoff and Perfect, 2020). C. albicans is the most abundant strain of candidemia, representing
35% to 60% of isolates responsible for cause of effortlessly curable ailments like vaginitis, diaper rash
and oral thrush (Angular et al., 2015; van Schalkwyk and Yudin, 2015). But according to some reports,
yeasts and fungi are affecting some population comparatively more severely those who diagnosed
with immuno-compromised physiological systems (e.g., cancer, AIDS, diabetes, and organ transplant
patients) are succumbing to fungal pathogens, leading to thousands of deaths in a year (Moran et al.,
2009; Badiee and Hashemizadeh, 2014). At the lower neutrophill cell count in peoples, the exposure
and invasion of uncommon yeast C. albicans can lead to a systemic infection and patients may died
ultimately due to heavy burden of yeast in various organs. At this stage of systemic infection, the
medical consultants and physicians often move to anti-fungal drugs to keep the level of yeast under
control (MacCallum, 2009). But over the time these rare yeast strains may evolved with resistance or
tolerance to ongoing treatments and drugs, forcing medical practitioners and Pharma researchers to
design, formulate more potent drugs as well as device and employed rapid diagnostic techniques for
better, swift and truthful treatment (Moyes et al., 2011). The Candida sp. infection (candidemia) in
immune-sensitive patients is the fourth most common bloodstream infection in hospitals with nearly
40-50% of mortality rate (Li et al.,, 2016; Rodrigues et al., 2019). The treatment is quite narrower in
range to few marginally effective anti-fungal drugs that produce momentous side effects and to
which the pathogens adapting increasingly resistant nature (Jia et al., 2018; Dudoignon et al., 2019).

The advancement in medical and surgical management practices of patients over past three decades,
yeasts along with some fungi have been emerged out in the form of major cause of human disease. Of
these scattered mycoses, candidiasis leftovers the most rampant, with C. albicans causing more
invasive infections than any other fungus (Tedec et al., 2016). However, the augmenting populace of
immune-susceptible patients, especially those having impaired physiological immune system, has led
to the appearance of opportunistic infection with less pathogenic atypical yeasts or harmless
commensals. The incidence of candidiasis has augmented spectacularly over the past 25-30 years, and
similar pattern inevitably continue at present century also. In recent decades just over 40 out of more
than 200 known Candida species have been caught up in human infections, although only a few cause
invasive infection on a regular basis and reported in many studies as epidemiology of candidemia. At
large, the defined hierarchy was unswerving from consecutive studies, and the ranking of top five
species (C. albicans, C. glabrata, C. parapsilosis, C. krusei, and C. tropicalis) was also consistent over a 6.5
year period from 1997 to 2003 in a global scenario of invasive candidiasis (White et al., 1998; Sardi et
al., 2011). Invasive procedures vs. immune-suppressive illness including organ transplantation,
chemotherapy, AIDS, diabetes mellitus and over use of extended spectrum antibiotics had
contributed to the augmented candid infections (Bassetti et al., 2017). Three classes of antifungal
drugs including polyenes, azoles and echinocandins are available for the treatment of Invasive
Candidiasis (IC) (Perlin et al., 2007).

Candida species are one of the most common fungal infections in these patients and mainly acquired
endogenously as normal human flora. The infections due to Candida species encompass a wide range
of clinical appearance ranging from superficial to systemic and potentially life-threatening infections.
Traditionally, the mycological diagnosis of Candida species is based on germ tube formation, colony
morphology on rice meal Tween 80 agar and biochemical tests (Joshi et al., 1993; Deorukhkar and
Roushani, 2018). Species level identification of yeast can be performed on the basis of
assimilation/fermentation test using automated and semi-automated systems (Pincus et al., 2007). C.
krusei is well known as a fungal pathogen for patients with hematologic malignancies and transplant
recipients has been recognized as a potentially multidrug-resistant (MDR) due to its intrinsic
fluconazole resistance (Pfaller et al., 2008). Though the fresh raise in abundance these infections is
principally coupled to C. albicans, non-albicans Candida (or NAC: C. rugosa C. tropicalis, C. parapsilosis,
C. guilliermondii, C. kefyr C. krusei and C. glabrata) related diseases. Saccharomyces are increasingly
assessed as agents of invasive infections, especially in immuno compromised or critically ill patients
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(Enache-Angoulvant and Hennequin, 2005; Atici et al., 2017). Candida and Aspergillus species are the
most common cause of invasive fungal infection (IFI) in incapacitated individuals’ pathogens, causing
great morbidity and mortality in those patients (Badiee and Hasehemizadeh, 2014).

The changing in recent years depending on the setting and clinical features, the Candida species
showed variations in its response to antifungal drugs. Therefore, Candida species identification and
antifungal susceptibility of testing notified a critical importance for the selection of the appropriate
antifungal drugs. It is key interest to analyze the species distribution and susceptibility profile of
Candida isolates to contribute to the local and nationwide surveillance data in order to assist the
treatment planning of patients with Candida infections. Diagnosis is an important initial step in
treatment of a disease. The poor diagnosis or delayed diagnosis leads to life-threatening results, even
to a susceptible strain (Kumar et al., 2018; Updhyay et al., 2019). The early methods of diagnosis
integrated conventional methods of biochemical tests followed by molecular identification and
advanced technologies, like proteome analysis. The Matrix Assisted Laser Desorption Ionization Time
of Flight Mass Spectrometry (MALDI-TOF MS) represents the new era of diagnostics and
microbiology. The advancement in sample processing and expansion of databases has enhanced
diagnosis of microorganisms from small clinical samples (Sanchez et al., 2019). During the yester
decade, applicability of MALDI-TOF MS has made easy and rapid diagnosis of pathogen directly
from clinical samples, eliminating the need for culturing. Moreover, MALDI-TOF MS has also
contributed to antimicrobial susceptibility testing (AST) by producing reliable same-day results and
by passed the 24hrs incubation of routinely performed AST (Welker and van Belkum, 2019). Detection
of early nosocomial outbreaks using MALDI- TOF MS by bacterial typing could help in putative
beneficial impact on control of the disease along with patient safety (Clerc et al., 2012; 2013). In the
present study, preliminary techniques were used initially along with the confirmation of Candida
species using MALDI-TOF MS (Bruker Daltonics, Bremen, Germany) technology after Wolters et al.
(2011) and Freitas et al. (2017). There is no clinical approach to the study established in this document.
So that the present study aimed to find the correct, truthful and rapid diagnostic tool of pathogenic
rare yeast species and to assess their antifungal susceptibility pattern, which might be helpful in
disease diagnosis, management and swift treatment.

FUNGEMIA

Fungemia is an emerging clinical entity worldwide due to rare yeast infections (Michael et al., 2005;
Dasguptaet al., 2015). Fungemia has been historically considered to be a disease caused by a single
Candida species, to be called Fungal Blood stream Infection (FBSI). The fungemia has been classically
considered to be a monomicrobial disease and the detection of atypical or rare species of yeast in
circulating blood was distinctly uncommon using traditional microbiological procedures (Pappas et
al., 2003; Boktour et al., 2004; Jensen et al., 2007). It is important to accurately identify these species of
rare yeasts which are intrinsically resistant to certain classes of antifungal agents (Ahmad et al., 2012).
The term candidemia describes the occurrence of Candida species in the blood is a most common
manifestation of invasive candidiasis. Candidain a blood culture should never be viewed as a
contaminant and should always prompt a search for the source of the bloodstream infection. For
many patients, candidemia is a manifestation of invasive candidiasis that could have originated in a
variety of organs (Fridkin, 2005). Candida yeasts are detectable in 96% of neonates by the end of the
first month of life. The special anatomical and physiological features of the individual compartments
of the mouth, stomach and intestine offer disparate ecological niches and they are colonized with site-
specific microbe communities (Schulze and Sonnenborn, 2009).

Candida krusei was firstly identified in 1839 by Langenbeck from a typhus patient, however after 75
years of this Castellani suggested its disease causing activity in humans. The C. krusei is generally
considered to be a momentary commensal and occasionally isolated from mucosal surfaces but since
middle of 20t century an increase in reports of C. krusei as a human pathogen was recorded
(Samaranayake and Samaranayake, 1994). On contrary to ovoid candids, C. krusei are generally
elongated similar to C. kefyr (formerly known as C. pseudotropicalis). The C. krusei has a variety of
colony topologies. The ultra topology of multilayered cell wall showed outer most irregular coat of
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flocculent material, an electron-dense zone, a granular layer, a less granular layer, a thin layer of
dense granules and another sparsely granular layer outside the cell membrane. This superb
architecture variations account for the differential behavior of C. krusei in biological fluids such as
saliva and bronchial lavage fluid comparing with other Candida species (Coleman et al., 1997;
Gutierrez et al., 2002; Bassetti et al., 2006). The C. krusei has two basic morphological forms i.e. yeast
and pseudohyphae; and both are often present concurrently and could not separate simply. C. krusei
grows at a 37°C but can withstand temperature up to 45°C in a vitamin-free media (Scorzoni et al.,
2013). Similar to C. auris, C. krusei can adhere to abiotic surfaces but not to as C. albicans, which is
essential for colonization and invasion. The C. krusei produce most extensive biofilm on the surfaces
of polyvinyl chloride catheter disks regardless of the growth medium similar to more pathogenic C.
albicans on contrary to less pathogenic species, C. parapsilosis, C. pseudotropicalis (now C. kefyr) and C.
glabrata (Jensen et al., 2011). C. krusei does not adhere to buccal epithelial cells whereas C. tropicalis, C.
parapsilosis, C. guilliermondii, and C. kefyr do so. The susceptibility to lysozyme, an antimicrobial
enzyme produced in phagosomes has been used as a method to assess the microbial virulence that
indicated pattern of susceptibility to lysozyme as: C. krusei > C. parapsilosis > C. tropicalis > C.
guilliermondii > C. albicans > C. glabrata, i.e. the latter being the most resistant to lysozyme
(Neppelenbroek et al., 2013). The pathogen profile can be stated as: diploid, no relation to CTG clade,
genome sequence available, high antifungal resistance and minimal molecular laboratory tools
availability. C. kefyr was at first isolated recovered from dairy products and named Saccharomyces
fragilis, latter on called C. pseudotropicalis, and reclassified as Kluyveromyces marxianus. It is rarely
associated to disease contributing about 1% isolates of Candida species from clinical specimens. The
first report of invasive C. kefyr (C. pseudotropicalis) was identified in a patient with metastatic
adenocarcinoma of breast. It can colonize to oral cavities, gastrointestinal tract, and urinary tract of
immune-compromised patients with several potential risk factors (Morgan et al., 1984). It is generally
thought that their conversion from commensalism to parasitism is largely determined by the host
immune (Dufresne et al., 2014). The pathogen profile can be stated as: ploidy is not determined, does
not belong to CTG clade, Genome sequence available, antifungal resistance is moderate, few
molecular laboratory tools available.

C. rugosa rarely causes invasive infections; however, recently, isolates have been shown to be an
increasing cause of fungal infections especially in Latin America. Besides, C. rugosa appears decreased
susceptibility to fluconazole with various patterns following geographic regions (Pfaller et al., 2008).
The pathogen profile can be stated as: haploid, belongs to CTG clade, genome sequence is not
available, antifungal resistance is high, few molecular laboratory tools available. The epidemiology of
invasive fungal infections (IFIs) has been difficult to clean from the literature because of the different
definitions used, the different risk groups studied, and variation from institution to institution.
Approximately 80% of IFIs are due to Candida species. Invasive candidiasis comprises both
candidemia and deep-seated tissue candidiasis (Handal et al., 2015). The other rare yeast and
filamentous fungi belonging to hyalohyphomycetes (Scedosporium, Fusarium), zygomycetes and
dematiaceous (Alternaria, Bipolaris), and Trichosporon are implicated in human infections ranging from
colonization to localized. Amphotericin B is the drug of choice for most rare yeast infections except
for Trichosporon (Wisplinghoff et al., 2004; Pappas et al., 2006; Pfaller et al., 2007; Sievert et al., 2013;
Nur et al., 2014).

MALDI-TOF MS

Within a decade, Matrix Assisted Laser Desorption Ionization Time of Flight Mass Spectrometry
(MALDI-TOF MS) has become a gold standard in species level identification of microorganisms
(Schubert and Kostrzewa, 2017). MALDI-TOF mass spectrometry is an analytical technique which
involves ionization of chemical compounds into charged molecules followed by detection based on
mass/charge (m/z) ratio measurement. In the present study, the microorganism of choice is Candida,
a thrush pathogen belonging to rare yeast species for candidiasis. The high demand of MALDI-TOF
MS in clinical laboratories is due to easy, rapid, cost-effective and reliable diagnosis of
microorganisms. A fresh 24hrs culture is used to identify microorganisms at very high accuracy using
direct and indirect identification methods. Direct identification involves direct loading of the culture
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over the wells on the metal target plate, followed by a drop of 70% formic acid covering the dried
sample and coated the dried well with a suitable matrix solution, whereas processing is required for
certain cultures for extraction of internal proteins, in indirect approach (Stevenson et al., 2010). For
rare yeasts, ethanol/formic acid extraction method is devised to give promising results. A suitable
matrix used in MALDI-TOF MS is a-Cyano-4-hydroxycinnamic acid. After processing the candids
sample to extract internal ribosomal proteins, matrix is overlaid on dried sample well prior to
subjecting it to the mass spectrometer.

Proteins are fragile biomolecules and get easily fragmented on administration to ionizing radiation,
hence the matrix provides protection to the underlying protein by absorbing the radiation directly by
using short pulse of laser instead of continuous exposure. MALDI Biotyper 3.1 Microflex (Bruker
Daltonics, GmbH, Bremen, Germany) uses ultraviolet (UV) laser for the purpose of ionization. The
laser irradiates the matrix-sample mixture, evaporating the matrix and releasing positively charged
proteins in a so-called “soft” ionization process (Clark et al., 2013). The ability of the matrix to absorb
UV light and transfer of protons onto the extracted proteins is crucial to this process. The protein ions
are electrostatically accelerated over a short distance and arrive in flight tube at a speed that is
proportional to their mass. Protein ions with different masses arrive at the detector after different time
periods. Simply by measuring time between pulsed acceleration and the corresponding detector
signal (in nano-second range), the speed of the ions can be measured very precisely and converted
into an accurate molecular mass.

Identification of microorganisms is performed by comparison of generated Peptide Mass Fingerprint
(PMF) with the reference PMFs in the database. Once a match is found, the score value is generated.
The results are displayed with values >1.7 corresponding to genus similarity; and values >2.0
confirming species-level identification. MALDI Biotyper 3.1 Microflex (Bruker) uses Flex control
software for Real time Classification (RTC) of the microorganisms Basic and most essential step of the
health care industry belongs to timely and accurate identification of the causative agent of a disease.
MALDI-TOF MS is evolving in phases to become the leading technology in investigating the
pathogen. MALDI-TOF MS has been used to provide images of the proteins identified in the cell
which shows the abundance of the respective proteins in the organism (Dunham et al., 2016).

MALDI-TOF MS VS. CONVENTIONAL METHODS

In recent scenario, identification of organisms is best conducted using 165 rRNA and 185 rRNA in
gene sequencing. However, the emergence of MALDI-TOF MS has revolutionized the methods of
identification in clinical microbiology. MALDI- TOF MS produces species-specific protein
fingerprints. This mass spectrum holds molecular masses of nearly all ribosomal and few other
proteins. Such data is compared with a reference database to allow comparative identification of a
microorganism (Singhal et al., 2015). The conventional methods including Sodium Dodecyl Sulphate-
Polyacrylamide Gel Electrophoresis (SDS-PAGE), 2-Dimensional Gel Electrophoresis (2-DGE) and
molecular techniques have been employed in the past for better identification of microorganisms. The
SDS-PAGE proteome separation coupled with computer-based analysis had been used but was not
appreciated much among microbiologists. This could have occurred due to requirement of
standardized environmental conditions, use of toxic chemicals, and lack of reference proteome for
certain microorganisms and its incapability to differentiate highly similar strains. The labor intensive
2-DGE also failed to satisfy the requirement of the microbiologists (Saeed et al., 2017; Fallahi et al.,
2020).

CONCLUSIONS

Matrix Assisted Laser Desorption Ionization Time of Flight Mass Spectrometry (MALDI-TOF MS) can
speedily exemplify microorganisms by generating mass spectra of proteins that are compared to
known databases. If those proteins could be identified as well, the pathogenesis of the bacteria and
the mechanisms of resistance could be understood too. Moreover the detection of toxins has been
achieved in some cases using MALDI-TOF MS. MALDI-TOF MS has a mandatory requirement of a
‘reference database” which includes peptide mass fingerprint (PMF) of internal ribosomal proteins of
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different organisms. Various studies have described the importance and involvement of MALDI-TOF
MS for species characterization. Prescription of appropriate drugs must be mandatory following an
accurate diagnostic of the causative agent. In-spite of MALDI-TOF MS being a breakthrough, the
associated drawbacks is a major concern. Correction of the limitations will lead to a potential
diagnostic system with very high reliability of results
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