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Abstract 
Background: Trichosporon is a medically important genus that includes causative agents of 
deep-seated, mucosa associated and superficial infections. Rapid and accurate identification 
is very important in institution of appropriate therapy, thereby reducing morbidity and 
mortality related to Trichosporonosis. The genotypic methods commonly used to discriminate 
these species are laborious and very expensive. Being cost effective, Fourier-transform 
infrared spectroscopy with attenuated total reflectance (ATR-FTIR) was evaluated in this 
study to discriminate between Trichosporon species. Methods: A collection of 75 clinical 
isolates pre-characterized by phenotypic and PCR-based sequencing techniques and 
belonging to 5 different Trichosporon and related species [T. asahii (n=62), T. inkin (8), C. 
dermatis (3), T. asteroids (1), A. loubieri (1)] of Trichosporon were subjected to ATR-FTIR. 
Standard strains from different genera were used as outliers. Spectral data acquired in the 
ATR mode under controlled microbiological and physical parameters for all measurements 
were compared. Infrared spectra were analyzed with Hierarchical cluster analysis (HCA) and 
Principal component analysis (PCA). A new mathematical operation, Reference & Threshold 
calculation (R&T) was proposed here for rapid & reliable identification of Trichosporon to 
species level. Results: The current study using ATR-FTIR method has sharply demonstrated 
100% genus level discrimination with protein specific spectral window (1800-900 cm-1). All 
the 5 different Trichosporon species could be successfully discriminated using second 
derivative spectra. Clustering data using statistical tools showed that the polysaccharide 
specific signatures (1200–900 cm-1) were critical markers for species discrimination. The 
results have been further correlated using PCA. R&T operation applied on the genus and 
species level resulted in 100% identification concordant with PCR sequencing results. 
Conclusions: This study has confirmed that ATR-FTIR spectroscopy along with reference 
and threshold calculation is a promising diagnostic tool for rapid, reliable and cost-effective 
characterization of clinical Trichosporon species, compared to conventional/molecular 
techniques. 
Keywords: Trichosporon, ATR-FTIR, HCA, PCA, Reference Spectra, Spectral Library. 
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Introduction 
 

Trichosporon is a medically important 
genus that includes causative agents of 
deep-seated, mucosa-associated and 
superficial infections. It is the third most 
common cause of disseminated yeast 
infections in humans after Candida[1,2]. 
More than 50 species have been described 
in the genus Trichosporon, of which 16 are 
of medical importance, with Trichosporon 
asahii being the most common 
pathogen[1,3]. After repetitive taxonomic 
reclassifications, recently pathogenic 
species of Trichosporon were placed in 
three genera: Trichosporon, 
Cutaneotrichosporon,& Apiotrichum4. The 
reported mortality rates range from 50%- 
80%, eventually reaching 100% in onco-
hematological patients with persistent 
neutropenia[1,5,6]. Rapid and accurate 
identification is very important to initiate 
appropriate therapy and thus reducing 
morbidity and mortality related to 
Trichosporonosis. Most medical 
laboratories still rely on automated 
commercial carbon-assimilation-based 
identification systems used along with 
conventional biochemical assays. While 
gene sequencing methods are considered 
the gold standard in microbiology, they are 
costly, time-consuming, and not readily 
available for routine identification at most 
clinical sites[7]. The genotypic methods, 
although widely accepted, have technical 
limits due to protocol complexities, 
reagent costs, choice of specific primers 

for each species, sensitivity to mutations, 
and are not applicable in routine 
identification[8-10]. 
Fourier transform infrared (FTIR) 
spectroscopy is a high-resolution, 
analytical technique. The underlying 
assumption is that related strains are more 
similar in their composition (e.g., cell wall 
components), which leads to the higher 
congruence of their FTIR spectra. The 
conventional transmission mode is a 
commonly used mode to take IR spectra of 
organisms with a tricky sample preparation 
method which can be greatly simplified by 
using the attenuated total reflectance 
(ATR) mode of spectral acquisition. In the 
ATR mode, the IR beam from the IR 
source is launched into an IR-transparent 
ATR crystal (made of a high-refractive-
index material, such as Zinc selenide, 
germanium, or diamond) at a defined angle 
(exceeding the critical angle for internal 
reflection) whereby total internal reflection 
occurs within the crystal. Under these 
conditions, an evanescent wave 
(perpendicular to the propagating IR 
beam) forms at the surface of the ATR 
crystal and decays exponentially with 
distance from the surface. Interaction of 
the evanescent wave with a sample placed 
on the surface of the crystal results in 
partial attenuation of the total internally 
reflected IR beam at the wavelengths at 
which the sample absorbs IR energy as 
shown in Figure:1

 
Figure 1: Data acquisition using ATR-FTIR system 
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An IR spectrum of the sample is then 
obtained by measuring the intensity of the 
total internally reflected beam reaching the 
detector as a function of wavelength that 
probes the molecular vibrations in cellular 
compounds (such as polysaccharides, 
lipids, carbohydrates, protein, nucleic 
acids) and is sensitive to minute structural 
change, the unique fingerprint spectra thus 
obtained enable analytical discrimination 
between micro-organisms at both species 
and sub-species level[11,12]. The present 
study aims to evaluate ATR-FTIR for 
discrimination between clinical 
Trichosporon spp. isolated from India, 
which has not been attempted so far. 
Materials &Methods 
 
1. Strains and Clinical source  

A total of 75 Trichosporon isolates (T.  
asahii (62), T. inkin (8), 
Cutaneotrichosporon 
dermatis(formerly T. dermatis) (3), 
Trichosporon asteroids (1), 
Apiotrichum loubieri (formerly T. 
loubieri, 1) isolated from various 
clinical samples (Table S1) were 

obtained from various medical 
institutes of India viz. National culture 
collection of pathogenic fungi 
(NCCPF), PGIMER, Chandigarh, 
Government Medical College & 
Hospital, Chandigarh, Jawaharlal 
Nehru Medical College & Hospital, 
Ajmer (Rajasthan) & Sri Ramachandra 
Medical College and Research 
Institute, Chennai (Tamilnadu). 
Isolates were preserved in 10% 
glycerol saline at -80⁰ C till use.  PCR 
(IGS-1 region) confirmed isolates 
already submitted to GenBank & some 
got published (n=22)[13] were selected 
for this study.  Details shown in Table: 
1. Culture stocks were thawed and sub-
cultured on SDA containing 
chloramphenicol and gentamicin and 
incubated at 30⁰C temperature for 48 
hours for ATR-FTIR spectroscopy. 
Standard strains from different genera 
(S. aureus ATCC 6538, Candida 
albicans ATCC 90028, C.  krusei 
ATCC 6258) were used as outliers for 
genus level discrimination.

 
Table 1: Trichosporon strains used in this study 
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2. Sample preparation for ATR-FTIR 
and spectral data acquisition:  
As FTIR spectra can reflect small 
variations due to culture 
parameters[14,15], the sample 
preparation conditions and culture 
method were standardized to maintain 
iso-ambient conditions during ATR-
FTIR testing for all the isolates. A 
single colony was isolated using a 
sterile disposable loop and deposited 
directly onto the ATR sampling 
surface of ATR-FTIR spectrometer 
(Spectrum Two UATR, Perkin Elmer, 
Waltham, USA) Fig.1. A spectrum 
was immediately collected by co 
addition of 100 scans in the spectral 
range between 4,000-400 cm -1 with a 
spectral resolution of 0.5 cm-1and 
subtracted by a blank background 
spectrum previously collected from the 
clean sampling surface. Following the 
spectral acquisition, disinfection of the 
ATR sampling surface was achieved 
by wiping it with lint-free paper 
moistened with 70% ethanol. The 
process was repeated with three 
samples of each culture[16]. 

2.1 Pre- processing of raw spectra:  
The Baseline Subtracted system-generated 
raw spectra (for each isolate in triplicate)  

 
 
 
 
 
 

 
were subjected to Pearson coefficient 
analysis for the removal of outlier 
spectrum among triplicates. Averaging the 
remaining spectra for the single isolate was 
done to obtain the final unsmoothed 
spectrum. 
2.2 Spectral window selection:  
Protein, lipids, and polysaccharides that 
make up the membrane, cell wall, and 
capsules have a significant impact on the 
systematics and phylogeny of the yeasts. 
The spectrum obtained in the 4000-400cm-
1region was divided into 4 windows viz. 
a). 900-400cm-1, the fingerprint region. b). 
1500-900cm-1 with dominant signatures of 
carbohydrates, c). 1800- 1500cm-1 the 
amide region, d). 4000-2800cm-1 
representing water & lipid region and 
further analyzed. 
2.3 Spectral smoothening and 
normalization:  
The average spectra obtained in section 2.1 
were smoothened using Savitsky-Golay 
algorithm with 9-point window along with 
second-degree polynomial (Jupyter 
notebook interface library versions- pandas 
1.0.3, NumPy 1.19.5 & scipy 1.5.4in 
Python language) and then vector 
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normalized with the equation (Excel 
2010). 
Vector Normalization  
The use of this method is widespread it is 
also called as 2-norm. In this, Mean-
centered spectra are divided by the square 
root of the sum of the mean-centered 
intensities squared. In this way a spectrum 
is obtained in which the sum of all 
intensity values squared equals one. 
Practically, this mathematical operation is 
applied to a vector (row/column). This 
operation takes into account the 
calculation of the norm of a vector[16]. 
2.4 Derivative:  
To further increase the numbers of 
discriminative features present in the 
spectra, Section 2.3 was also applied on 
second derivative of the average spectra of 
Section 2.1. 
2.5 Hierarchical clustering & Principal 

component analysis:  
The obtained spectra in section 2.3 and 2.4 
were subjected to hierarchical cluster 
analysis (HCA) and Principal component 
analysis (PCA) in PAST software 4.03 
showing classification based on spectral 
similarity on genus level, species level and 
then compared with results of DNA 
sequencing data obtained earlier. 
2.6 ATR-FTIR spectroscopy-based 

strategy for creation & validation of 
spectral library:  

Novel mathematical operation- Reference 
& Threshold (R&T) calculation 
The spectral library was built using the 
concept of Euclidean distance as obtained 
in HCA. It starts with reference spectra 
calculation. Interestingly, the method 
given here uses the same approach for this 
analogy in 2 dimension & extends to 
multidimensional space to find mid-point 
(reference spectra) or closest to mid-
point/center of all the available spectra. 
The selected reference spectrum is one 

spectrum representing the desired group of 
spectra with all random effects 
(microbiological, physical parameters & 
instrumentation error). In general, the 
effects of randomness on a group of 
spectra revolve around the reference 
spectrum (standard value). For example, 
using standard spectra (ATCC/ MTCC) 
along with sufficiently large group of 
clinical spectra of same species, the 
reference spectra calculation will yield 
reference spectra as standard spectra. The 
clinical spectra revolve around the 
standard spectrum due to random effects 
concluding reference spectra to be located 
at mid-point or near to mid-point always, 
proven by mathematical algorithm given in 
this study. Finally, this method used here 
to find out the reference spectra (in 
absence of standard spectra) is equivalent 
to the standard spectra (MTCC/ATCC) 
assuming spectra was homogeneously 
distributed and unbiased in the 
multidimensional space. Following 
selection of reference spectra, Threshold 
(T) was calculated for each desired group 
of spectra. The threshold computed here is 
the equivalent of radius of the circle in 2D 
space. 
3. Creation & validation of spectral 

library using R & T calculation 
Creation  
A total of 70 Trichosporon isolates that 
have been identified using inter-genic 
spacer 1 (IGS-1) sequences along with 
outliers (ATCC C. albicans, ATCC C. 
krusei, ATCC S. aureus) were used to 
create a spectral library for genus level. 
Whereas spectral library for species level, 
total 60 T. asahii & 6 T. inkin isolates 
were included.  Five isolates (also 
identified by IGS-1 sequencing PCR) for 
genus level and 9 isolates for species level 
were taken as the test group for validation 
set as shown in Table: 2. The spectral 
library was created in Microsoft Excel 
2010 for this study. 
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Table: 2 Trichosporon strains used for spectral creation & test group in this study 

 

 
In the world of mathematics, the shortest distance between two points in any dimension is 
called the Euclidean distance. This is the square root of the sum of squares of the difference 
between two points. 

 
Where dxy =Euclidean distance, n= n dimensional space, x &y are two points in Euclidean in 
n dimensional space, 𝑥𝑥𝑖𝑖 𝑎𝑎𝑎𝑎𝑎𝑎 𝑦𝑦𝑖𝑖 are the ith elements of the x and y points w.r.t origin of the 
multidimensional space. 
However the concept was then extrapolated to a k dimensional space; k is the number of 
points on the spectrum of an isolate (1802 points in the spectrum of 1800-900 cm-1, 601 
points in 1200-900 cm-1). As the first step according to the practical approach, a spectrum 
Xj= {x1j, x2j…….xkj} was taken among the n isolates in a cluster and Euclidean distances (d) 
is calculated with another spectrum Xi = {x1i, x2i…….xki}: 

 
Where d= Euclidean distance, k= dimensions, a= index of absorbance, i, j= corresponds to 
index of isolates, x= absorbance value. 
Finally, the calculated Euclidean distance for Xj(jth isolate) will be squared for all the isolates 
and summed to get the Distance (Dj) for jthisolate separately for all n isolates in k 
dimensional space (k= 1802 points on the spectrum of an isolate): 

 
Form the value of distances D obtained for the isolates, the spectrum of the isolate with a 
minimum value of D was considered as reference spectra for that particular group, as the 
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mid-point corresponds to the minimum value of Dj. Once the reference spectrum was 
obtained in a cluster let’s say Xj= {x1j, x2j…….xk}, the threshold (T) was obtained as: 
 

 
In this way the maximum value of dij for the reference spectra was considered as a threshold 
value (T) for the isolate to be identified at genus/species level. 

The designed process was validated in two 
tiers viz. genus &species level using 
spectra of the organisms from the test 
group. In the first-tier validation, the ATR-
FTIR spectra (pre-processed-filtered, 
vector normalized, un-derived) of isolates 
belonging to the test group (n=5 along 
with 3 outlier groups -S. aureus, C. 
albicans & C. krusei) were used. Using the 
above-mentioned process, the Euclidean 
distance (d) of selected reference spectrum 
to the test group was computed. The 
calculated threshold value (T) of reference 
spectra was compared to the d values of 
the test group isolates w.r.t reference 
spectrum.  It should be within that T value 
to be classified in that particular genus as 
shown in Table. 5. In the second-tier 
species level validation, the second 
derivative, pre-processed- filtered & vector 
normalized ATR-FTIR spectra were used 

to build spectral library (n=60 T. asahii, n= 
6 T. inkin). The test group composed of 
(n= 9) isolates and the same process of 
calculating the d values of the test group 
isolates with reference spectra (available 
species in the spectral library) was 
performed. Finally, the d values of all the 
test isolates were compared with threshold 
values of each species as shown in 
Table.5&6. The d values under the 
threshold indicate the similarity to the 
reference spectra. In this manner, species-
level identification can also be done with 
the help of this process. 
Results 
IR spectra of the microbial spectrum under 
consideration exhibit absorption bands 
indicative of the molecular composition of 
cells, for which the tentative band 
assignments are given in Table 3& Fig2.

 
Table 3: Proposed functional group vibrational assignments for ATR-FTIR spectra of 
Trichosporon, Candida &Staphylococcus (as per literature) 
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Figure 2: Proposed spectrum of Trichosporon in the region 4000-800 cm-1, after 
baseline correction and vector normalizations. The major absorption bands and their 
functional group are labelled 
 
 

Classification of Trichosporon strains by 
ATR-FTIR spectroscopy using HCA 
&PCA 

The results of unsupervised agglomerative 
clustering are depicted in the form of a 
dendrogram. Hierarchical clustering 
analysis (HCA) of smoothened vector 
normalized spectra of Trichosporon yeast 
over the complete range of 4000cm-1- 
400cm-1 (especially due to 1800-900 cm-1) 
shows 3 distinct clusters which conclude at 
the genus level clustering of the organisms 
as analyzed by DNA sequencing methods 
as shown in Fig.3. The IR region 4000 cm-

1- 400 cm-1 is contributed by all the 

components of the cell and returns data 
along 7208 points when run on a 
bandwidth of 0.5 cm-1. To reduce the 
dimensionality of the dataset and 
understand the major spectral features 
contributing to clustering in the 1800-900 
cm-1 region, the data were subjected to 
Principal Component Analysis (PCA). 
PCA score plot of the first and second 
component of ATR-FTIR spectra of fungal 
biomass grown on SDA is shown in Fig.3 
which shows a clear genus-specific 
clustering with the bacterium and the other 
yeasts lying outside the cluster. The 
explained variance by PC1 and PC2 is 
64.5% & 27.7%.
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Figure 3: Hierarchical clustering analysis (HCA) & Principal component analysis (PC1, 
PC2-score plot) of smoothened vector normalized spectra of Trichosporon yeast over the 
range of 1800-900 cm-1 showing 3 main distinct clusters: [A] all clinical isolates of 
Trichosporon, [B] ATCC Candida yeast, [C] ATCC Staphylococcus bacteria. 

 
The functional groups determining a 
cluster of the data are the C-O stretch of 
carbohydrate, amide I and amide II region 
of the protein, C=O stretch and aliphatic 
C-H stretch of lipid that cluster the 
Trichosporon strains into a single cluster 
away from the bacteria and other yeast. 
However, the spectra could not resolve the 
differences at the species level in un-
derived spectra. Since IR spectra of 
complex biological systems are due to the 
overlapping spectral features of multiple 
components, an attempt was made to 
improve the resolution by second 
derivative analysis where band intensity is 
inversely proportional to the square of the 
original bands’ half-width. Hierarchical 
cluster analysis followed by PCA was 
applied to the second derivative vector 
normalized ATR- FTIR spectra over the 
carbohydrate (1200-900 cm-1), protein 
window (1800-1500cm-1), and lipid 
window (3000-2200 cm-1). In the spectral 
window 900 –1800 cm-1, several clusters 
could be distinguished, by inspecting the 

dendrogram; the following observations 
can be made when the heterogeneity 
threshold was fixed at 50% (D50), 4 
groups can be distinguished in each group 
and different species can be delineated.  In 
group-I T. loubieri clustered (A) whereas 
group-II clustered T. inkin (B), group-III 
shows a large cluster of T. asahii(C). In 
the last group-IV cluster D &cluster E both 
species C. dermatis and T. asteroides 
come together. There exist some 
misclassifications in the case of T. 
asteroides which were later checked with 
DNA sequencing results. So, the spectral 
window 1200-900 cm-1 was selected to 
create the final dendrogram to resolve 
misclassification as shown in Fig.4. As a 
result, 5 distinct clusters of all 5 species 
were used in this study. It can be 
concluded that using second derivative 
spectra of 1200-900 cm-1 carbohydrate 
window (100%, 75/75) is more conclusive 
than 1800-900 cm-1 mix carbohydrate & 
protein window (99%,74/75) to classify 
Trichosporon isolates up to their species-
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level along with successful differentiation 
of T. asteroids with C. dermatis which was 
not classified using 1800-900cm-1 
window. PCA score plot of the first and 
second component of ATR-FTIR spectra 

shown in Fig.4 which displays a distinct 
clustering of five different species of 
Trichosporon and the explained variance 
by PC1, PC2& PC3is 61.81%, 19.69% & 
10.13%. 

 
 

Figure 4: Hierarchical clustering analysis (HCA) & Principal component analysis (PC1 
& PC2)- Score plot of smoothened vector normalized second derivative spectra of 
Trichosporon yeast over the range of 1200cm-1- 900cm-1 showing 5 mains clusters: [A] A. 
loubieri [B] T. inkin [C] T.  asahii [D] C. dermatis& [E] T. asteroids 

 
Clustering data using statistical tools 
showed that the polysaccharide signatures 
(1200–900 cm-1) were critical markers for 
species discrimination in this study. As 
ATR-FTIR was able to reproduce the 
species level variation comparable to 
sequencing results, shows the capability of 
the technique for differentiation of 
organisms up to this extent 
Identification with a spectral library 
using designed Process 
As already mentioned earlier, protein 
specific signatures 1800-900 cm-1 
&carbohydrate specific signatures 1200-
900cm-1 are significant region which were 
than used for R & T calculation on the un-

derived/ second derivative spectral data 
from section 2 to provide routine fast 
identification of Trichosporon species. 
Genus level identification (900-1800 cm-

1) 
As per the process defined in this study 
reference spectra (MZ269036) were 
selected on the basis of its minimum of D 
value and the threshold value (T= 0.0724) 
shows the classification on the test group 
as shown in Table.4&Table.5. All the test 
isolates were identified as Trichosporon 
species, confirming that they belong to 
same genus and extracted out other two 
genera.

 
 
 
 



International Journal of Pharmaceutical and Clinical Research                          ISSN: 0975-1556 

 
Rastogi et al.                            International Journal of Pharmaceutical and Clinical Research  

38 
 

Table 4: Reference and threshold calculation for genus level identification using 
Euclidean distance matrix of spectral library isolates (un-derived, vector normalized 
spectral absorbance values in cm-1). 

 
 

Table 5 Validation of spectral library for genus level identification using Reference and 
threshold with test group (n=5) isolates. Euclidean distance calculation of Reference 
(Trichosporon genus) to test spectra along with outliers from different genus 
(Staphylococcus, Candida) (un-derived, vector normalized spectral absorbance values in 
cm-1). 

 
 
Species level identification (1200-900 cm-

1) 
The reference spectra for T. asahii 
(MZ269036) &T. inkin (MZ269054) was 
selected using the mentioned process.  The 
threshold values for both the species were 
(T(asahii)=0.1137), (T(inkin)= 0.0601) 
were calculated in same way as shown in 

Table.4. The test group was processed 
along with the reference spectra of both 
the species one by one and with the help of 
threshold values all the isolates could be 
identified at the species level as shown in 
Table.6. The test group isolates were 
confirmed by IGS-1 region sequencing. 
This further explained that carbohydrate 
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signature itself has sufficient resolution to 
discriminate between Trichosporon at the 

species-level.

 
Table 6: Validation of spectral library for species level identification using Reference 
and threshold with test group (n=9) isolates. Euclidean distance calculation of Reference 
(T. asahii & T. inkin species) to test spectra (second derivative, vector normalized 
spectral absorbance values in cm-1). 
 

 
NI= Not Identified 
 

The results clearly indicate the efficiency of this process for genus/ species level 
identification with the use of ATR-FTIR spectral libraries of defined pre-processed spectral 
data. 
 
Discussion 
Phenotypic examination and PCR were the 
most acceptable methods for identification 
of yeasts. However, phenotypic methods 
are not fast and reliable enough, and PCR 
is expensive. Recently, for rapid & eco-
friendly cost effective diagnosis of bacteria 
and yeasts, use of FTIR spectroscopy has 
significantly increased[1,3,17]. To our 
knowledge, no prior study has evaluated 
ATR-FTIR spectroscopy for a large 
dataset of rare clinical yeast, Trichosporon 
and related genera. In this study the ATR-
FTIR spectra exhibited well defined 
spectral regions that correspond to the 
vibration of a chemical constituent of the 
yeast cell. 
In this study, the main observed features 
were characteristic vibrations occurred due 
to the peptide bond of proteins (Amide I in 

the 1700–1600 cm-1 and Amide II in the 
1600–1480 cm-1), nucleic acids PO2 
(1300-1180 cm-1) and carbohydrates 
(1200-900 cm-1) bands. The carbohydrate 
signatures were the most characteristic 
feature recorded for the species level 
clustering[18]. This can be explained by 
the fact that the members 
of Trichosporon genus express 
glucuronoxylomannan (GXM) in their cell 
walls. GXM is a 1,3-linked mannan 
backbone attached to short side chains of 
1,4-linked mannose and 1,2-linked xylose 
residues by substituting the 2 or 4 portion 
of the 1,3-linked mannose residues of the 
main group[1,19]. 
For classification & identification, the 
spectral features were mined from the raw 
IR spectra with sequential preprocessing 
steps viz. Resolution enhancement by 
derivation, normalization, spectral window 

Wave-length (cm-1)

Refrence spectra-1 
Trichosporon asahii 

(R1)

Refrence spectra-2 
Trichosporon inkin 

(R2)

TEST 1 TEST 2 TEST3 TEST 4 TEST 5 TEST6 TEST 7 TEST 8 TEST 9

1200 -0.00584 -0.00317 -0.02555 -0.02436 -0.02645 -0.00093 -0.01381 -0.01000 -0.00307 -0.00312 -0.00444
1199.5 -0.00382 -0.00083 -0.02028 -0.01917 -0.02115 -0.00023 -0.01041 -0.00684 -0.00073 -0.00078 -0.00271
1199 -0.00167 0.00155 -0.01562 -0.01462 -0.01644 0.00044 -0.00731 -0.00357 0.00166 0.00161 -0.00087

1198.5 0.00056 0.00402 -0.01243 -0.01157 -0.01314 0.00102 -0.00524 -0.00026 0.00412 0.00407 0.00103
…………. ………… …………. ………… ……….. ……….. ……….. ……….. ………….. ……………………………… …………..

901.5 0.00203 0.00289 -0.00236 -0.00212 -0.00257 0.00298 0.00009 0.00275 0.00294 0.00291 0.00243
901 0.00061 0.00248 -0.00295 -0.00284 -0.00302 0.00178 -0.00092 0.00134 0.00252 0.00250 0.00110

900.5 -0.00080 0.00202 -0.00292 -0.00303 -0.00276 0.00094 -0.00163 -0.00012 0.00204 0.00203 -0.00024
900 -0.00218 0.00152 -0.00215 -0.00246 -0.00180 0.00048 -0.00168 -0.00159 0.00152 0.00152 -0.00157

Euclidean distance(d) from 
Reference spectra-1 0.33721 0.33674 0.34070 0.21712 0.27151 0.09650 0.36684 0.37031 0.05640
Identification using 

Threshold value of R1                 
(T)= 0.11371 NI NI NI NI NI T. asahii NI NI T. asahii 

Euclidean distance(d) from 
Reference spectra-2 0.35279 0.35350 0.35236 0.35011 0.35086 0.34583 0.00809 0.00404 0.40006
Identification using 

Threshold value of R2                 
(T)= 0.03233 NI NI NI NI NI NI T. inkin T. inkin NI

R1

R2
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selection, feature selection and pattern 
recognition methods (cluster analysis and 
artificial neural network (ANN)[20], 
partial least square regression (PLSR)[21]  
or partial least square discriminant analysis 
(PLSDA)) which is in line with other 
reported studies. In data preprocessing 
steps, second derivative Savitzky–Golay 
smoothing/derivative, filtering, 
normalization & pre-selection of spectral 
windows carrying specific spectral 
information was performed which is 
consistent with other 
literatures[14,16,22,23]. Exploratory data 
analysis has revealed hidden patterns in 
complex spectral data by reducing the 
information to a more logical form and 
showing whether there are patterns or 
trends in the data. Exploratory algorithms 
applied, such as HCA and PCA, were 
involved to reduce large complex data sets 
into a series of optimized and interpretable 
views. In HCA, dendrograms showed 
distinct clusters of 5 different species of 
genus Trichosporon and related genera 
considering the spectral window of protein 
& carbohydrate functional 
group[14,16,22]. The subsequent 
confirmation of clustering was done with 
the PCA of the un-derived & derived 
spectra to reorganize information in a data 
set of samples. The results showed 
differences existing between the spectral 
profiles of study isolates at genus & 
species level. Five distinct clusters were 
recognized, which reliably discriminate 
between the five different species of 
Trichosporon, as established by molecular 
genetic techniques (Sequencing PCR). 
This confirms that the PCA is well suited 
to explore important information from 
ATR-FTIR spectra for identification in 
corroboration with others[24-26]. 
The key factor for obtaining successful 
identifications highly depends on the 
choice of appropriate and powerful 
techniques for data analysis. Supervised 
and unsupervised methods can be 
employed but with certain limitations as 
experienced in this study which are 

consistent with literature[27]. Although 
unsupervised methods like HCA or PCA 
are used to differentiate or checking 
reproducibility of measurements and the 
overall separation of groups (with and 
without a priori knowledge)[28-30], in 
general, differentiation and identification 
are challenging in the case of HCA for 
analyzing complex data sets because it is 
computationally demanding and a virtual 
clustering approach is used. In this 
process, two spectra with the shortest 
inter-spectral distance are calculated and 
merged to form a new cluster; the 
distances between the new cluster and the 
other spectra are then examined until the 
final clustering is completed. Furthermore, 
it cannot provide an objective criterion of 
best partitioning because the number of 
classes must be decided by the user, 
whether the partition achieved will be 
helpful or not, and the best HCA linkage 
algorithm must be identified by 
observation and 
experimentation[31,32].Whereas PCA is 
highly sensitive to small changes in 
number of variables used[33].  Supervised 
techniques are recommended for 
identification, but they necessitate prior 
knowledge of huge and thorough reference 
databases. As a result, very high accuracy 
is usually achieved at the expense of 
robustness[31,34]. However, in this study 
the number of strains collected was too 
small to allow a separation into supervised 
models. 
In light of the aforementioned limitations, 
a novel mathematical operation (Reference 
& Threshold (R&T)) is proposed here. 
This is all about calculating the reference 
spectra and threshold value using pre-
processed spectroscopic data. It has been 
demonstrated here that using calculated 
reference spectra and thresholds for each 
species, it is possible to classify and 
identify unknown spectra with accuracy 
and reliability. Using this method & so 
formed spectral library can help in rapid 
and accurate identification of the clinical 
strains of Trichosporon and related genera 
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in routine laboratory. Overall in this study 
it was very encouraging that 100% correct 
identification was achieved at both genus 
level and species level, respectively, which 
is consistent with other literatures[35,36]. 
Our results show the promising 
candidature of FTIR spectroscopy in the 
rapid, cost effective, reliable identification 
of species of Trichosporon & related 
genera. Similarly, Sandt et al.,[37] that FT-
IR spectroscopy is potent enough to 
identify C. albicans with a high sensitivity. 
FTIR micro-spectroscopy was reported to 
identify micro-colonies of Candida 
species[38].  Pebutowa et al.,[39] 
demonstrated the feasibility of the ATR-
FTIR technique for intra-species 
comparison of three Candida species with 
three sample preparations methods. Some 
researchers worked on large group of yeast 
isolates but very less number (n= 4 out of 
128 veterinary & non clinical ), (n= 10 out 
of 263 clinical) of Trichosporon strains 
were used[18,35]. FTIR competes strongly 
with other high-throughput techniques as a 
spectroscopic technique. Mass-based 
techniques such as matrix-assisted laser 
desorption/ionization time of light 
(MALDI-TOF MS) are potential 
alternative in term of accurate 
identification although the mass 
spectrometers are still very expensive and 
require costly reagents and specialized 
maintenance compared to infrared 
spectrometers[40-42]. All these problems 
greatly increase the cost and time of the 
analysis, comparing ATR-FTIR technique 
in which no reagents are required, and it is 
a single-step protocol employed for the 
analysis of clinical isolates makes this 
technology both superior and more cost-
effective than any currently available 
identification platform, with the added 
advantage of requiring no chemical 
processing and hence eco-friendly. The 
new distance calculation method achieves 
easy identification and better 
generalization ability. 
This study has confirmed that ATR-FTIR 
spectroscopy in combination with suitable 

mathematical computing methods 
especially R & T calculation as used in this 
work is a promising diagnostic tool. is a 
promising diagnostic tool suitable for 
large-scale screening for Trichosporon spp 
and other yeasts, because of its high 
differentiability, reliability, simplicity, the 
avoidance of chemicals (i.e. costs and 
environmental impact), rapidity (less than 
1 minute) as compared to 
conventional/genetic molecular and 
MALDI-TOF mass 
spectrometry[24,25,43]. 
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