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SUMMARY

Matrix-assisted laser desorption ionization-time of flight mass spectrometry (MALDI-TOF MS) is currently being used
for rapid and reproducible identification of bacteria, viruses and fungi in clinical microbiological laboratories. However,
some studies have also reported the use of MALDI-TOF MS for identification of parasites, like Leishmania, Giardia,
Cryptosporidium, Entamoeba, ticks and fleas. The present review collates all the information available on the use of this
technique for parasites, in an effort to assess its applicability and the constraints for identification/diagnosis of parasites
and diseases caused by them. Though MALDI-TOF MS-based identification of parasites is currently done by reference
laboratories only, in future, this promising technology might surely replace/augment molecular methods in clinical para-

sitology laboratories.
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INTRODUCTION

Mass spectrometry was developed as an analytical
technique to determine mass to charge (m/z) ratio
of chemical compounds (Aebersold and Mann,
2003). With time, numerous variants of this tech-
nique evolved, which were based on different
methods of ionization and detection systems. Of
these, matrix-assisted laser desorption/ionization-
time of flight mass spectrometry (MALDI-TOF
MS) was found to be highly suitable for analysis of
biological molecules (Momo et al. 2013). In
MALDI-TOF MS process, the sample or the
analyte is co-crystallized within a matrix solution
and ionized by irradiating with a laser beam. The
matrix solution absorbs the photonic energy of
laser beam, effectively desorbing and ionizing the
biological molecules. The ionized biomolecules are
then accelerated at a fixed potential through the
fixed length of a flight tube. A detector located at
the end of the flight tube measures very precisely
the time of flight (TOF) of the molecular ions. The
TOF of a particular molecular ion is decided by
the degree of ionization, as well as its molecular
mass. Based on the TOF information, a characteris-
tic spectrum, unique for a given biomolecule is gen-
erated, which constitutes its specific fingerprint.
MALDI-TOF MS can simultaneously detect
various molecules of different masses. Various
researchers have therefore reported the usefulness
of MALDI-TOF mass spectra of protein fragments

* Corresponding author: Department of Microbiology,
University of Delhi South Campus, Benito Juarez Road,
New Delhi-110021, India. E-mail: virdi_dusc@rediffmail.

com

(called peptide mass fingerprints — PMF) derived
from intact cells of bacteria, viruses and fungi for
their rapid and reliable identification (Fenselau and
Demirev, 2001; Croxatto et al. 2012; Nenoff et al.
2013). Accordingly, the use of intact cell mass spec-
trometry-based molecular-phenotypic identification
has been successfully reported for diagnosis of
various bacterial, viral and fungal diseases (Emonet
et al. 2010; Downard, 2013; Singhal et al. 2015).
Depending on the cellular composition and architec-
ture of different groups of microorganisms, research-
ers have evaluated different methods of sample
preparation ranging from intact-cell to protein ex-
traction-based methodologies. Both, Gram positive
and Gram negative bacteria have been identified
using ‘direct bacterial profiling’, whereby a single
bacterial colony spotted on the MALDI plate is
over layered with matrix solution and/or a ‘prepara-
tory extraction’ with formic acid (Ilina et al. 2009;
Stephan et al. 2011). Specialized procedures for
sample preparation have been reported for
Nocardia, Actinomycetes and Mycobacteria (Clark
et al. 2013). These involve boiling of Nocardia and
Actinomycetes in water to promote cellular lysis,
precipitation of proteins by ethanol, air drying and
resuspension in a solution of formic acid and aceto-
nitrile before spotting the sample on MALDI plate
(Verroken et al. 2010). Since biosafety is a major
concern while working with Mycobacteria, a proced-
ure combining inactivation and lysis was reported to
be appropriate for identification of Mycobacteria (E1
Khéchine et al. 2011). For this, bacterial colonies
collected in screw-cap tubes containing water and
Tween 20 were inactivated by heating and vortexed
with glass beads to facilitate complete cellular
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disruption. These were finally suspended in a solu-
tion of formic acid-acetonitrile before spotting on
the MALDI plate (El1 Khéchine et al. 2011). For
identification of fungi, various methods of sample
preparation have been used based on both chemical
extraction and mechanical lysis of fungal hyphae
and spores (Hettick et al. 2008; Lau et al. 2013).

After an exhaustive study of the published litera-
ture we realized that MALDI-TOF MS has also
been used for identification of protozoan parasites
like Leishmania spp., Giardia spp., Cryptosporidium
spp., ticks and fleas. The major aim of this review
is to collate the information, howsoever limited, for
applications of MALDI-TOF MS for identification
of disease-causing human parasites. The usefulness
and the constraints of this new technology in
expanding our knowledge about identification of
parasites are also discussed.

APPLICATIONS IN PARASITOLOGY

The parasites, which are known to cause diseases in
human beings belong to three main categories:
protozoa, helminths and ectoparasites. Protozoans,
which are unicellular eukaryotes, are known to
cause several diseases in humans such as malaria,
leishmaniasis, amoebiasis, giardiasis, sleeping sick-
ness etc. Helminths commonly known as worms
are multicellular organisms. Many, but not all, live
in the digestive tract of man and animals from
where they may invade to other organs of the
body, as part of their life-cycle. Ectoparasites e.g.
ticks, mites and fleas are multicellular organisms,
which live on the body surface of the host. The diag-
nosis of parasitic diseases is conventionally done by
microscopic examination of blood, tissue and
excreta samples of the host. The sample preparation
for microscopic examination is labor-intensive, time
consuming procedure and requires highly trained
personnel for correct diagnosis. When tissue/bio-
logical samples are not available, or when patients
exhibit low parasitaemia and/or are asymptomatic,
diagnosis might be carried out using immunological
assays (Ndao, 2009). The polymerase chain reaction
(PCR)-based diagnostic assays are more specific and
sensitive than both microscopic and immunological
assays. These can detect parasites even when patients
exhibit low parasitaemia and/or are asymptomatic
(Mens et al. 2007). The relative advantages and dis-
advantages of conventional and modern methods in
diagnosis of various parasites have been shown in
Table 1.

With recent advances in proteomics, MALDI-
TOF MS has been proposed as an alternative ap-
proach for identification of bacterial and fungal
pathogens (Fenselau and Demirev, 2001; Emonet
et al. 2010; Croxatto et al. 2012; Downard, 2013;
Nenoft et al. 2013; Singhal et al. 2015). The poten-
tial of this technology for accurate identification of
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many parasites has also been reported. The parasites
which have been identified using MALDI-TOF MS
have been enlisted in Table 2.

MALDI-TOF MS IN IDENTIFICATION OF
DIAGNOSIS OF PROTOZOAN PARASITES

Leishmania

Leishmaniasis is a vector-borne protozoan parasitic
disease, the clinical spectrum of which might range
from mild cutaneous leishmaniasis to life-threaten-
ing visceral leishmaniasis (Dedet and Pratlong,
2009). Clinical presentation of the
influenced by the species of the genus Leishmania
infecting the patient (Herwaldt et al. 1992). Also,
different species of Leishmania produce disease
symptoms of varied severity and respond to

disease is

therapy in their own unique way. Currently, no
vaccine is available for leishmaniasis, hence early
identification of the infecting Leishmania species,
and initiation of appropriate chemotherapy is the
only way to control this disease. The conventional
methods for diagnosis of infection are based on
direct examination of smear and culture, which
requires expertise. Culturing is labor-intensive, and
the results are available only after weeks. The gold
standard method for identification of Leishmania
species, which has been recommended by WHO is
multi-locus enzyme electrophoresis (MLEE). MLEE
uses the relative electrophoretic mobilities of intracel-
lular enzymes for characterization and differentiation
of different organisms by generating their specific
electromorph types. But this method is very labor-
intensive, expensive and requires culturing of
sufficient quantity of parasites, which may take
several weeks (Pratlong et al. 2009). Hence, this
method is confined to reference laboratories only.

The molecular methods based on real-time PCR,
PCR amplification followed by analysis using re-
striction fragment length polymorphism or multilo-
cus sequence typing, or sequencing of multiple genes
(Mary et al. 2004; Rotureau et al. 2006; Montalvo
et al. 2010) permit investigation of clinical samples,
small-sized cultures and yield results in one or 2
working days (Foulet et al. 2007).

Recently, a few studies have reported the use of
MALDI-TOF MS for identification of various
Leishmania species from in vitro cultures (Cassagne
et al. 2014; Culha et al. 2014; Mouri et al. 2014).
Mouri et al. (2014) described a sample preparation
method for accurate and efficient identification of
various Leishmania species by MALDI-TOF MS.
Needle aspirates of skin lesions from infected
patients were cultured in suitable medium for a few
days and observed under microscope for motile pro-
mastigotes. Positive promastigote cultures were
washed in pure water, re-suspended in water and
ethanol and centrifuged. The residual pellet was
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Table 1. Advantages and disadvantages of conventional

and modern methods in clinical parasitology

Organism

Detection method

Advantages

Disadvantages

Leishmania spp. Gold
standard method for
diagnosis—visualization
of amastigotes in
splenic or bone marrow
aspirates of patient

Cryptosporidium spp.
Gold standard method
for diagnosis—direct
fluorescent antibody
(DFA) assay of the

stool samples

Giardia spp. Gold
standard method for
diagnosis—DFA assay
of the stool samples

Microscopy
Serology-based methods

Nucleic acid-based methods

Matrix assisted laser desorption ion-
ization-time of flight mass spec-
trometry (MALDI-TOF MS)

Microscopic examination of the
stained oocysts fixed on slides

Serology-based methods

Nucleic acid-based methods

MALDI-TOF MS

Microscopic examination of cysts or
trophozoites in tissue, fecal, and
environmental samples

Serology-based methods
(Immunoassays to detect
coproantigens)

Nucleic acid-based methods

MALDI-TOF MS

High specificity but low sensitivity

Serology based diagnostic tests are easy to
perform, even field workers with minimal
training can perform these reliably

Detection rate is high; can be applied dir-
ectly to the biological samples without the
need to culture the parasite

Easy sample processing, faster results and
less cost per test

Inexpensive

Relatively high specificity and sensitivity in
detection of Cryptosporidium oocysts in
fecal smears and environmental samples

Highly sensitive in detecting low numbers
of oocysts in environmental samples.
Polymerase chain reaction (PCR) and Real
time-PCR products help to determine
parasite genotype (s) and thus the source
of outbreak

Relatively rapid and simple process for
parasite identification

Inexpensive

Coproantigen detection methods can detect
infections prior to excretion of cysts in
host feces; useful for cost-effective and
rapid screening of large numbers of fecal
samples

Highly sensitive and specific. Useful for
identification of different species of
Giardia

Relatively rapid and simple process for
parasite identification

Highly trained and experienced technical persons required

Antibody detection is useful in visceral leishmaniasis, but is of limited
value in cutaneous disease, since most patients do not develop sign-
ificant antibody response. Antibody persistence for long periods after
cure makes distinction between past and present infections difficult

Lack inter-laboratory standardization; require use of expensive reagents

Need for cultivated parasites; initial cost of the equipment is high

Staining procedure is time consuming; skilled technicians are required
to reliably detect oocysts; detects only oocysts

Does not assess viability of oocysts. Variations in incubation conditions
of the labeled antibodies might provide inconsistent results

Presence of inhibitors and sample contaminants might detrimentally

affect the PCR efficacy; PCR does not directly assess viability of
oocysts

Initial cost of the equipment is high

Trained technicians are required; species-specific identification is not
possible; does not determine cyst viability

Sensitivity of coproantigen detection assays can be lower than micro-
scopic approaches. Also, due to antigen cross-reactivity or the use of
formalin as a fixative, there can be variations in the performance of

immunoassays

Prone to contamination and non-specific DNA amplification

Initial cost of the equipment is high
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Table 1. (Cont.)

Organism

Detection method

Advantages

Disadvantages

Blastocystis spp. Gold
standard method for
diagnosis—short-term
xenic in vitro culture of
the patient’s stool
samples

Entamoeba histolytica
Gold standard method
for diagnosis—classical-
ly it was analyses of
isoenzymes; currently
Real Time PCR using
species-specific primers
for amplification of
DNA extracted from
patient’s stool samples
is used

Tick spp. Gold standard
method for diagnosis—
morphological identifi-
cation of specimens
removed from patient/
animal body

Flea spp. Gold standard
method for diagnosis—
morphological identifi-
cation of specimens
removed from patient/
animal body

Microscopic examination of wet
mounts and stained smears Short-
term (24—72 hrs) xenic in vitro
culture required

Serology-based immunoassays are
currently not used for diagnosis of
Blastocystis infections

Nucleic acid-based methods-
subtype-specific primers using feces
directly or after culture of fecal
specimens

MALDI-TOF MS

Microscopic examination of stools
for detection of trophozoites or cysts

Serology-based assays

Nucleic acid-based

MALDI-TOF MS
Morphological examination

Serology-based assays are not used
Nucleic acid based-methods

MALDI-TOF MS

Morphological examination using
reference or identification keys

Serology-based assays are not used

Nucleic acid-based methods

MALDI-TOF MS

Inexpensive

Highly sensitive and specific. Also, useful
for epidemiological studies.

Rapid and simple processing before ana-
lysis; gives reliable results in short time
Inexpensive

High sensitivity; time- and cost-effective

High sensitivity and specificity than sero-
logical tests

Less labour intensive; cost-effective

Inexpensive, can be conducted in the field

Highly sensitive and specific. It is compat-
ible with several sample preservation
modes and time

Simple and minimal sample processing.
Mass spectra are generated rapidly, which
can be immediately compared against
reference spectra, allowing high-
throughput

Inexpensive, can be conducted in the field

Highly sensitive and specific

Simple, rapid and cost-effective

Environmental conditions might deteriorate the samples, due to which
Blastocystis spp. can be confused with other parasites. Culturing is
time consuming and can bias subsequent genotyping due to the
different ability of the isolates to grow in selective medium

Expensive, not available widely

Procedure optimization and validation are required before incorporat-
ing this technique in clinical laboratories for daily use

Sensitivity is less even when viewed by expert technician; samples need
to be examined within a short period of collection time; differentiation
from protozoa with similar morphological features is not possible

The antigens are denatured during fixation of the stool specimens,
limiting testing to fresh samples. Serological tests fail to distinguish
past from current infections in regions of high endemicity; hence are
more useful for identification in regions where amoebiasis is less
common

Expensive, not easily affordable for developing countries where
amoebiasis is endemic

Initial cost of the equipment is high

Good expertise required for accurate identification; integrity of the
specimens is necessary to avoid loss of species specific characteristics;
immature, engorged ticks and lack of developed morphological char-
acters makes identification difficult

Involve DNA amplification and sequencing; expensive, typically
limited to well-equipped laboratories. PCR assays for distinguishing
ticks in different stages of development are not available

Identification is best for fresh specimens and gets compromised in long-
term preserved specimens

Good expertise and time required, hence not suitable for identification
of large populations of fleas

PCR assays, which can distinguish flea species, or identify unique gene
fragments have not been developed

Reliable identification was obtained for fresh samples only, samples
stored in ethanol for long periods gave insignificant results
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Table 2. Summary of the methods used for sample preparation of parasites for their identification by matrix

assisted laser desorption ionization-time of flight mass spectrometry (MALDI-TOF MS)

Organisms

Sample preparation for MALDI-TOF MS

Matrix

References

Leishmania spp.

Cryptosporidium
spp.

Giardia spp.

Blastocystis spp.

E. histolytica

Ticks spp.

Flea spp.

Promastigotes obtained from in vitro cultured needle
aspirates of skin lesions were suspended in a solu-
tion of formic acid and acetonitrile

Cryopreserved samples of cutaneous, mucocuta-
neous and visceral leishmaniasis cultured in vitro to
obtain promatigotes were suspended in saline
solution

Samples of cutaneous leishmaniasis cultured in vitro
to obtain promastigotes were suspended in a solu-
tion of formic acid and acetonitrile

Oocysts obtained from fecal samples of experimen-
tally infected mice were extensively washed with
de-ionized water, and subjected to freeze- thaw
cycle for five times

Oocysts from fecal samples of experimentally
infected mice were extensively washed with de-
ionized water, mixed with the matrix solution and
allowed to stand for 45 min before spotting on the
MALDI plate

Cysts obtained from fecal samples of experimentally
infected mice were extensively washed and sus-
pended in de-ionized water, mixed with matrix
solution and incubated for 60 min before spotting
on the MALDI plate

Parasites were obtained after axenically culturing the
fecal samples on solid media. Protein extract was
prepared by treatment with ethanol/formic acid

Trophozoites obtained from fecal samples were
grown in xenic and axenic cultures. Protein extract
was prepared by treatment with ethanol/formic
acid

Various body parts of laboratory-bred and field-
collected ticks were treated with guanidinium
chloride solution, homogenized and subjected to
sonification. The resulting protein extract was
acidified with trifluoroacetic acid.

Legs of ticks obtained from wild or removed from
patients were used. The protein extract was pre-
pared after homogenization of the specimens in
formic acid and acetonitrile solution

Protein mixture of hemolymph recovered from
distal portion of amputated leg of ticks mixed in a
solution of formic acid and acetonitrile was used.

Legs of ticks were mixed with formic acid and
homogenized. The

homogenate was centrifuged and the supernatant
was mixed with the matrix solution

Various body parts of laboratory-reared adult fleas
including both fresh and preserved specimens were
used. The protein extracts were prepared by hom-
ogenizing the specimens in formic acid and aceto-
nitrile solution

a-cyano-4 hydroxycin-
namic acid

a-cyano-4 hydroxycin-
namic acid

a-cyano-4 hydroxycin-
namic acid

3,5-dimethoxy-4-

hydroxy-cinnamic acid

3,5-dimethoxy-4-
hydroxy-cinnamic acid

3,5-dimethoxy-4-
hydroxy-cinnamic acid

a-cyano-4 hydroxycin-
namic acid

a-cyano-4 hydroxycin-

namic acid

a-cyano-4 hydroxycin-
namic acid

a-cyano-4 hydroxycin-
namic acid

a-cyano-4 hydroxycin-
namic acid
a-cyano-4 hydroxycin-

namic acid

a-cyano-4 hydroxycin-
namic acid

Mouri et al.

(2014)
Cassagne et al.
(2014)
Culha et al.
(2014)
Magnuson et al.

(2000)

Glassmeyer et al.
(2007)

Villegas et al.
(2006)

Martiny et al.
(2014)

Calderaro et al.

(2015)

Karger et al.
(2012)

Yssouf et al.

(2013, 2015a)

Yssouf et al.
(2015b)

Rothen et al.
(2016)

Yssouf et al.

(2014)

suspended in a solution of formic acid and aceto-
nitrile, vortexed and centrifuged. The supernatant
was spotted on the MALDI plates and after the
sample had air dried; it was over layered with the
matrix solution (a-cyano-4- hydroxycinnamic acid,
CHCA). Analysis of PMF of each sample revealed
that isolates could be identified down to the subgenus
level of Viannia or Leishmania, and also to the species
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level based on the presence/absence of mutually ex-
clusive peaks in their PMFs. The researchers
confirmed that identification of Leishmania spp. by
MALDI-TOF MS was comparable with reference
methods in specificity and sensitivity (Mouri et al.
2014).
Another
method of sample preparation for identification of

research group described a simple
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human species of Leishmania by MALDI-TOF MS.
The cryopreserved isolates procured from reference
centers were thawed and washed with Rosewell
Park Memorial Institute (RPMI) medium and incu-
bated in the traditional Novy-MacNeal-Nicolle
medium followed by incubation in RPMI medium
for 1 week each. The motile promastigotes were har-
vested from RPMI medium, washed in saline solu-
tion and 1 ul. of the saline promastigote solution
was spotted on the MALDI plate and air dried.
These were over layered with matrix solution
(CHCA) and analysed. The researchers recorded
PMFs of each isolate and constructed a reference
database of main species of Leishmania which
inflict humans. Applying the same procedure of
washing a rich culture of promastigotes with saline,
they successfully identified 66 of the 69 strains of
Leishmania isolated from clinical samples (Cassagne
et al. 2014).

In an another study, investigators (Culha et al.
2014) employed the same sample preparation
method for MALDI-TOF MS, as used by Mouri
et al. (2014) and accurately identified Leishmania
spp. which were isolated from Turkish patients
after in vitro culture.

Although, all the researchers reported that
MALDI-TOF MS was highly successful in identifi-
cation of Leishmania spp., most of them reported
that the need for cultivation of parasites before iden-
tification was a major hinderance for integration of
this technique in clinical diagonostics.

Enteric protozoans

Water-borne protozoan parasites are usually diag-
nosed by microscopic examination of stool or water
samples, which can neither predict the species nor
indicate the viability of the infecting protozoans
(U.S. Environmental Protection Agency, 1999). In
research laboratories, the application of MALDI-
TOF MS to human intestinal parasites has been
limited to obtaining general parasitic proteome
data and discovery of novel biomarkers (Thézénas
et al. 2013). The first study which reported the
use of MALDI-TOF MS for identification of
Cryptosporidium parvum — a chlorine resistant proto-
zoan parasite was carried out in 2000 (Magnuson
et al. 2000). Cryptosporidium parvum is found in
surface waters and causes cryptosporidiosis, a para-
sitic infection known characterized by intractable
or persistent diarrhoeal illness and potential mor-
tality among immunocompromised individuals.
Magnuson et al. (2000) investigated two types of
C. parvum oocysts for analysis by MALDI-TOF
MS — whole-oocysts
The oocysts were obtained from fecal samples of
experimentally infected mice. For whole-oocyst

and freeze-thawed oocysts.

analysis, the samples were extensively washed with
de-ionized water and spotted on the MALDI plate.
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For samples subjected to MALDI analysis after
freeze-thaw, washed oocyst samples from above
were alternately frozen (in liquid nitrogen) and
thawed (at 60 °C) for 1 min each for five times.
The sample was centrifuged and the supernatant
was spotted on the MALDI plate. Before the
sample dried, it was over layered with matrix solu-
tion containing 3, 5-dimethoxy-4-hydroxy-cin-
namic acid and left for air-drying. Another 0-25 ml
of matrix solution was applied over it and mass
spectra were acquired. The researchers observed
that the PMFs of Cryptosporidium oocysts, which
were both washed and freeze-thawed were highly re-
producible and had increased sensitivity. They
further compared the PMFs of C. parvum with
that of Cryptosporidium muris — another member of
the same genus and found that PMFs of C. parvum
were quite distinct from those of C. muris. They
further investigated oocysts from various lots and
found that the same washing and freeze-thaw pro-
cedure gave highly reproducible mass spectra.
They suggested that MALDI-TOF MS was a
simple and rapid supplement method for quality
controls for production of C. parvum oocysts
(Magnuson et al. 2000). Later, Glassmeyer et al.
(2007) described an improved method of sample
preparation for acquiring mass spectra of
C. parvum oocysts by MALDI-TOF MS. Intact
oocysts obtained from fecal samples of experimen-
tally infected mice washed thrice in high perform-
ance liquid chromatography (HPLC) grade water
and finally suspended in it were used as the sample
for analysis. They used 3, 5-dimethoxy-4-hydroxy-
cinnamic acid as the matrix solution and suggested
that if the oocyst sample was mixed with the
matrix solution and allowed to stand for 45 min
before spotting on the MALDI plate, it was easier
to obtain spectra with more number of clear peaks.

Members of the genus Giardia are protozoan para-
sites, which cause giardiasis, characterized by
asymptomatic illness to severe abdominal pain,
acute diarrhea and sometimes death. Currently, the
Giardia cysts are detected in water by microscopic
examination, which can neither predict the species
nor indicate the viability of the cysts (U.S.
Environmental Protection Agency, 1999). An inde-
pendent research group described a MALDI-TOF
MS-based approach for identification of Giardia
lamblia and Giardia muris from intact cysts
(Villegas et al. 2006). The intact cysts were washed
thrice in distilled water and suspended in distilled
water. An equal volume of the matrix solution (3,
5-dimethoxy-4-hydroxy-cinnamic acid) was mixed
with the sample and incubated for 60 min, spotted
on the MALDI plate and air-dried. Mass spectra
were acquired for each isolate and it was observed
that the mass spectral fingerprints of G. lamblia and
G. muris were sufficiently distinct to allow their iden-

tification by MALDI-TOF MS (Villegas et al. 2006).
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The potential of MALDI-TOF MS has also been
reported for identification of intestinal protozoan
parasites of the genus Blastocystis from clinical
samples (Martiny et al. 2014). The pathogenicity
of Blastocystis in humans has been related to
different subtypes of this parasite (Souppart et al.
2010). Martiny et al. (2014) described the use of
MALDI-TOF MS for identification and differen-
tiation of various subtypes of Blastocystis, which
are frequently present in clinical samples. Two
methods of sample preparation were evaluated—
ethanol/formic acid extraction and direct deposition.
In ethanol/formic acid extraction procedure, parasite
colonies were suspended in distilled water and abso-
lute ethanol and centrifuged. The pellet was washed
with distilled water and re-suspended in formic acid
and pure acetonitrile, centrifuged and spotted onto
the MALDI plate. In direct deposition method,
parasite colonies were directly deposited on the
MALDI plate without any pre-treatment. When
air-dried, deposit in each method was covered with
the matrix solution (CHCA). The researchers
reported that the mass spectra of Blastocystis iso-
lates, which were obtained after ethanol/formic
acid extraction were better than direct deposition
method. Their results indicated that MALDI-
TOF MS might serve as a valuable tool for identifi-
cation and determination of various subtypes of
Blastocystis (Martiny et al. 2014).

Entamoeba histolytica causes amebiasis, which
ranks second after malaria as a common protozoan
parasitic disease. Conventionally, the parasite is
detected by microscopy and culture, which detect
pathogenic Entamoeba histolytica and nonpatho-
genic Entamoeba dispar. Entamoeba dispar is a
non-pathogenic species which is morphologically
identical to E. histolytica (Tanyuksel and Petri,
2003). The PCR and real-time PCR-based molecu-
lar methods can differentiate between the two
Entamoeba species (Calderaro et al. 20006).
Recently Calderaro et al. (2015) described the ap-
plicability of MALDI-TOF MS for identification
and differentiation of E. histolytica and E. dispar
grown both axenically and in xenic cultures from
clinical samples. Proteins were extracted from
cultures containing 10° trophozoites mL™" using
ethanol/formic acid extraction procedure and
spotted on the MALDI plate. Mass spectral ana-
lysis of E. histolytica and E. dispar isolates showed
presence of at least five peaks capable of clearly dis-
criminating E. histolytica and E. dispar. The
researchers reported that the main advantage of
MALDI-TOF MS (detection limit 10° tropho-
zoites g~! of feces) over molecular methods such
as real-time PCR (detection limit 10 trophozoites
g~ ! of feces) is that it is less laborious and inexpen-
sive (excluding the instrument cost) for diagnosis of
E. lstolytica in using in vitro xenic cultures

(Calderaro et al. 2015).
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MALDI-TOF MS IN IDENTIFICATION OF
ECTOPARASITES

Ticks

Ticks are obligate parasites, which serve as vectors
for many bacterial (Parola and Raoult, 2001), viral
(Hubalek and Rudolf, 2012) and protozoan patho-
gens (Gray et al. 2010). Since, certain tick species
are specific vectors for certain microbial pathogens,
an early identification of the tick species, which
might have bitten an individual may give an early
clue to the disease transmitted by it and initiation
of post exposure therapy. Only, expert and experi-
enced entomologists do morphological identification
of the ticks’ species, and that too not in damaged spe-
cimens or specimens in immature stage of life-cycle
(Parola and Raoult, 2001). Currently, PCR assays
for distinguishing tick species in damaged specimens
or in different stages of the development are not
available (Yssouf et al. 2013). An elaborate review
on advantages and disadvantages of morphological,
molecular and MALDI-TOF MS-based techiques
in identification of ticks has been recently published
(Yssouf et al. 2016).

Several research studies have shown the potential
of MALDI-TOF MS for rapid and reliable identifi-
cation of the tick species (Karger et al. 2012; Yssouf
et al. 2013, 2015a, b). Karger et al. (2012) described
the use of whole-animal mass spectrometry for reli-
able determination of various species of ticks.
Adult ticks and nymphs homogenized separately in
a plastic pestle were treated with guanidinium chlor-
ide solution and subject to sonification in a water
bath. The sample was centrifuged and the extract
was acidified with trifluoroacidic acid (‘TFA). The
acidified extracts were concentrated and spotted dir-
ectly on the MALDI plate and allowed to dry. Dried
spots were overlaid with the matrix solution
(CHCA) and again allowed to dry. Mass spectra
were acquired for each sample and a reference data-
base of spectra was constructed. Comparison and
analysis of mass spectra of unknown samples with
the reference database allowed determination of the
species of the ticks. The method was reproducible
and capable of identifying the correct species of the
ticks when adults or nymphs or even larvae were
used as the starting material. Cluster analysis indi-
cated that the primary determinant of the MALDI
mass spectra was the species. The developmental
stages formed distinct clusters within the given
species. It was observed that species identification
of ticks was also possible using body parts and
engorged ticks. Only a small, but substantial part
of the tick’s body (except leg specimens) was
required to vyield spectra sufficient for species
determination.

Yssouf et al. (2013) further described the use of
MALDI-TOF MS for rapid identification of tick
species using only leg specimens. The legs of the
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ticks were homogenized in formic acid and aceto-
nitrile solution, centrifuged and the supernatant
over layered with the matrix solution (CHCA), was
deposited on the MALDI plate. Mass spectra were
acquired and a reference database of spectra was con-
structed. Comparison of test samples against the
spectral database revealed that all
obtained from wild or removed from patients were
accurately identified using MALDI-TOF MS.
The researchers observed that with the help of
MALDI-TOF MS, identity of tick species could
be established in less than an hour. They proposed
a procedure by which MALDI-TOF MS could be
used to identify ticks species and determine the pres-
ence of Rickettsia in them. Interestingly, the PMF
profiles of protein extracts prepared from tick legs
were successful in discriminating the infected and
uninfected ticks (Yssouf et al. 2015a). In another
study the
protein mixture of hemolymph recovered from
distal portion of amputated leg of ticks mixed in a so-

organisms

same research group reported that

lution of formic acid and acetonitrile, spotted on the
MALDI plate and overlaid with the matrix solution
(CHCA) was mixed with the samples by pipetting
was also useful for identification of tick species and
the associated pathogens (Yssouf et al. 20155).

Recently Rothen et al. (2016) reported the useful-
ness of MALDI-TOF MS for reliable identification
of species of closely related afrotropical ticks. T'wo to
eight legs of a tick were detached, placed in a micro-
centrifuge tube containing formic acid, homoge-
nized and centrifuged. The supernatant was mixed
with the matrix solution and spotted on the
MALDI plate. The mass spectra profiles were
highly successful in identifying the various tick
species. The researchers reported that MALDI-
TOF MS proved to be a reliable tool in identifying
morphologically and genetically, highly similar tick
species.

Fleas

Fleas are small insects, which serve as vectors for
several pathogens in animals and humans like,
Yersinia pestis (causes plague), Rickettsia typhi
(causes murine typhus), Rickettsia prowazekii (causes
rural epidemic typhus), Rickettsia felis (causes flea-
borne spotted fever) and many species of human-
disease causing Bartonella (Bitam et al. 2010). Fleas
are identified at the species level by morphological
examination with the help of reference (identification)
keys. This requires great expertise and is a time con-
suming process, hence not suitable for identification
of large population of fleas. Molecular methods like
sequencing of the 18S rRNA gene are available
(Michael, 2002), but a PCR assay, which can distin-
guish flea species, or ideal PCR primers, which can
identify the relevant gene fragments are still unavail-

able (Yssouf et al. 2013).
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Yssouf et al. (2014) described the use of MALDI-
TOF MS for rapid identification of various species
of fleas using specimens from legs, heads only or
body without abdomen. The specimens were homo-
genized in a solution of formic acid and acetonitrile,
and centrifuged. Equal volumes of supernatant and
matrix were spotted on the MALDI plate and
mass spectra of each sample were acquired. Since
the spectral profiles obtained from flea body
without abdomen provided consistent and reprodu-
cible data, these were used to create the database of
PMFs. Comparison of the test samples against the
library of spectral database confirmed a rapid and re-
liable discrimination of flea species (Yssouf et al.

2014).

Concluding remarks

Until sometimes back, for most microbiologists it
was difficult to comprehend that MALDI-TOF
MS might be suitable for identification of whole
microorganisms, and replace
methods used in routine clinical microbiological la-
boratories. But, the development of microorgan-

the conventional

ism-databases, paved the way for progression of
MALDI-TOF MS from a protein identification
tool to a diagnostic technique. The regulatory ap-
proval of MALDI-TOF MS by government agen-
cies like US Food and Drug Administration and
China Food and Drug Administration for in vitro
diagnosis has provided the required impetus for de-
velopment and commercialization of this exciting
new technology (Luo et al. 2015; Patel, 2015).

It is quite obvious that research on application of
MALDI-TOF MS in identification of various para-
sites has not advanced as it has for identification of
bacteria, viruses and fungi. It would be worthwhile
to recount some of the reasons underlying it. One
of the primary reasons for this might be the
complex biological nature of the parasite life-forms
(oocyst/promastigote/trophozoites etc.) from which
the protein sample may be extracted for MALDI-
TOF MS analysis. Another reason might be the
complex biology of the life cycles of the parasites
as well as the diseases caused by them. For identifi-
cation of parasites, the need to culture parasites in
vitro i1s a major bottleneck for rapid MALDI-
TOF-based identification of parasites (Mouri et al.
2014). The MALDI-TOF MS method is currently
not available for field diagnosis and is carried out
only in laboratories due to the high costs involved
in initial procurement of the instrument.

Despite such constraints, MALDI-TOF MS has
nevertheless significant advantages over the mor-
phological, immunological and molecular detection
methods. The main advantages of MALDI-TOF
MS are the rapidity and accuracy associated with
this technology. Also, it does not require highly
trained laboratory personnel (Graga et al. 2012).
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From the literature it is also clear that the technology
is not constrained by sample size and contamination
by the host proteins. Since, MALDI-TOF MS has a
wide spectrum of applications, cheaper versions of
this instrument would definitely increase its afford-
The

efforts are already underway to develop simplified

ability and application in field diagnosis.

versions of the instrument using microfluidics tech-
nology (Yang et al. 2012). There is no denying the
fact that the proof of the principle for application
of MALDI-TOF MS for identification of parasites
has already been demonstrated.
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