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Abstract

suffer these complex diseases.

Vector-borne diseases still represent a serious problem in public health despite of the efforts of the surveillance
and public health systems to mitigate these pathologies. Among these infections, those diseases caused by parasitic
protozoa such as Chagas disease, malaria, leishmaniasis and African trypanosomiasis still represent serious issues
in public health. These diseases are also named as neglected diseases affecting vulnerable populations around the
world. One of the main goals in the basic research of these diseases is the deployment of accurate, reliable and
feasible methods for the diagnosis of the etiological agents. Due to the rise of DNA technologies, several researchers
have been able to develop rapid methods for the molecular diagnosis of vector-borne parasitic diseases. Herein
we conducted a systematic review about the old-fashioned and current methodologies for the diagnosis of Chagas
disease, leishmaniasis, sleeping sickness and malaria with special emphasis on molecular diagnosis to update the
reader about their availability and feasibility. One of the purposes of this review is to encourage the researchers to
deploy new methodologies that can be easily applied in endemic countries with no sophisticated methodology. This
is imperative since an early diagnosis will enhance an early, rapid and appropriate treatment for populations that
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Introduction

Parasitic diseases represent one of the most important issues in
public health. More than 20 million people are infected by disease-
causing parasites. Parasites represent a broad group of eukaryotic
organisms that can cause severe disease in human populations, including
malaria, leishmaniasis, Chagas disease, Schistosomiasis and Filariasis.
Closely related to these parasitic diseases are geographic, social and
economic factors that modulate the prevalence and incidence of these
pathologies [1]. The use of technologies based on molecular biology has
allowed the scientific community to unravel the disease determinants
and the genetic structures of some parasites that provoke disease and
cause millions of deaths each year.

The vector-borne parasitic diseases constitute a group of
pathologies caused by eukaryotic pathogens transmitted by
arthropods such as Anopheles, sand flies, triatomines and tsetse flies.
Malaria, Chagas disease, African trypanosomiasis and leishmaniasis
are the most widespread and devastating of the vector-borne parasitic
diseases due to their high prevalence and the amount of deaths they
cause each year. These pathologies are distributed at a wide-range
geographical level affecting vulnerable and non-vulnerable human
populations. Due to their relevance in terms of epidemiological
trends, the diagnosis of these infections and the deployment of new
diagnostic methods are needed to identify and treat the symptoms
of these diseases, or to treat the diseases themselves. The rise of
molecular techniques and DNA detection has played a prominent role
in detecting infections, treatment follow-ups, disease installations
and infection outcomes. Herein, we conducted a systematic review
of the former and current techniques employed for the diagnosis of
vector-borne parasitic diseases to update the scientific community
with regard to potential areas of basic and applied research in Malaria,
African trypanosomiasis, Chagas disease and Leishmaniasis. We are
confident that the use of high-throughput whole genome sequencing
technologies will facilitate the deployment of novel techniques of
potential benefit in the public health system.

Malaria

Malaria is considered the most relevant parasitic infection
worldwide, and its treatment is one of the biggest public health
challenges for developing countries. In 2010, an estimated 219 million
cases of malaria occurred worldwide, with an accompanying 660.000
deaths resulting there from. Most deaths (91%) occurred in the African
Region, however, Asia and Latin America, as well as parts of the Middle
East and Europe has also been affected [2]. This disease is produced by 5
species of the genus Plasmodium: Plasmodium falciparum, Plasmodium
vivax, Plasmodium malariae, Plasmodium ovale and Plasmodium
knowlesi. Each species is associated with a different geographical
distribution. The parasite is spread to people through the bites of infected
Anopheles mosquito vectors. Transmission also depends on climatic
conditions, such as rainfall patterns, temperature and humidity. In
many places, transmission is seasonal, with peak rates of transmission
occurring during and just after the rainy season [3]. Another important
factor in the transmission of malaria is human immunity among adults
who are capable of developing partial immunity in areas of moderate
or intense transmission given the high rate of exposure to the disease.
Consequently, those with the greatest risk of contracting malaria in
locations of moderate or intense transmission (namely Africa), are
young children, whereas all age groups are at risk for infection in areas
with less transmission and low immunity [2].

Malaria is an acute febrile disease with an incubation period
of 7 days or more after the initiating infective mosquito bite. Initial
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symptoms may be mild, such as fever, headache, chills and vomiting, but
these symptoms are not easily recognized as malaria. Of the five
parasite species that cause malaria in humans, P, falciparum, is the most
severe, and thus most deadly. Therefore, a proper diagnosis of infection
brought on by P. falciparum is especially important. Among the clinical
manifestations of severe malaria, we have identified the following:
severe anemia, cerebral malaria, renal failure, acute respiratory distress
syndrome, acidosis and cardiopulmonary complications [4]. In
addition, other species, like P. vivax and P. ovale, can produce clinical
relapses that occur weeks to months after the first infection as a result
of their dormant liver forms, known as hypnozoites [5]. The number of
methods for malaria diagnosis is limited. The first step for diagnosis is
the clinical diagnosis, which mainly takes into account the presence of
fever in patients who have been in endemic areas. After such a finding,
additional tests follow.

Manual microscopic examination of blood slide (thick and thin
films) is the gold standard for detecting malaria. This method is
widely used in most endemic zones because it does not require a
sophisticated infrastructure [6]. In addition, it demonstrates high
sensitivity (approximately 90%) [7], is the most economic of malaria-
detecting tests, makes species identification possible, permits definition
of the parasitemia and facilitates the follow-up of therapy with anti-
malarial drugs [8-10]. However, the test also holds some disadvantages,
being both time and labor intensive, as well as requiring skilled and
experienced microscopists to ensure precise diagnoses [10,11]. In
recognition of the limitations of microscopic examination of blood
slides, alternative techniques for the diagnosis of malaria have been
developed. For example, fluorescent microscopy [12], including:
Quantitative Buffy Coat (QBC) [13,14], Kawamoto Acridine-Orange
process [15,16]; and the benzothiocarboxypurine (BCP) procedure
[17,18]. However, these techniques require a fluorescent microscope
and their implementation is limited to a small number of laboratories.

Recently, the attention of researchers has focused mainly on
the detection of antigens or enzymes by Malaria Rapid Diagnostic
Tests (MRDTs). Currently, two antigens are used: Histidine-rich
protein-2 (HRP-2), which is only produced by P. falciparum, and the
parasite lactate-dehydrogenase (pLDH) antigen, produced by all five
Plasmodium species infecting humans. Both of these antigens are
secreted into the blood by all asexual stages of the parasite [19,20].
MRDTs utilizing immune chromatographic lateral-flow-strip
technology were introduced in the early 1990’ [8] and remain in use
today [10]. These assays involve the mixing of the clinical sample with
lysing agents, buffer, and antibodies (capture antibodies and detection
antibodies). This mix later migrates across the surface of a nitrocellulose
membrane. The antibodies captured are sprayed by machine as a
stripe onto the nitrocellulose membrane and bind to the membrane
in an immobile phase. The parasite antigen is fixed from sample. The
detection antibodies are conjugated to an indicator in a mobile phase
and bind to the parasite antigen that has been captured by the capture
antibodies on the membrane, producing a visible line if the targeted
antigen is present in the clinical sample [10,19].

MRDTs have several advantages. They are performed with little skill
and quickly produce results that are easily interpreted. Additionally,
they do not require refrigeration, are reproducible and permit species
differentiation. The last enumerated advantage is very important for
providing adequate treatment. MRDT (HRP-2) detects P. falciparum
at a rate of sensitivity of 95.0% and at a rate of specificity of 95.2%,
whereas the sensitivity and specificity for pLDH detection is 93.2 and
98.5%, respectively [21]. However, this assay also has limitations. Mass

production and widespread use has led to an inability to perform
adequate quality control of its manufacturing, leading to false diagnoses
[10].

Molecular tools such as nucleic acid amplification tests have
been performed for malaria diagnosis despite some disadvantages of
microscopy, including the inability to identify lower levels of parasitemia
due to a detection limit that hovers being 50 to 100 parasites/ul [22]
and the inability to identify MRDTs due to the lack of the hrp-2 gene
in some P. falciparum parasites [23]. From the first assays of PCR in
1990 to the present, it has been used to target and amplify the multi-
copy small subunit 18S rRNA gene (185 rRNA) that is found in all
Plasmodium species. This marker presents hundreds of identical copies
in the genome and is present in 4-8 divergent copies, depending upon
the species [24]. Several types of analysis have been used to differentiate
species, including Southern blot and restriction length polymorphism
assays. This marker has been used in a fragment polymorphism (RFLP)
analysis or Nested PCR [25]. This technique was subsequently modified
using a multiplex format in the second reaction [26-28]; even using
blood samples collected in filter papers [29].

Despite that PCR techniques demonstrated better detection of low
parasitemias (<1 parasite/uL) and mixed infections than microscopy,
the method did not allow quantification of parasitemia [22]. Therefore,
to improve molecular diagnosis, a multiplex real-time PCR was
developed with the addition of species-specific fluorescent probes
[30-32] and other assays of real-time that performed amplification
of 18S rRNA with Sybr Green and species identification by high
resolution melting analyses [33]. These real-time PCR tests improved
the sensitivity and specificity, reduced the risk of cross contamination,
developed results more quickly than conventional PCR, and allowed for
the quantification of DNA and, therefore, therapeutic monitoring [34].

However, these molecular tools are limited in laboratories located
in endemic zones. Therefore, the latest advances have focused on the
development of Loop-mediated isothermal amplification technique
(LAMP). LAMP performs amplification that causes the products
to fold into looped structures, which in turn produce turbidity in
the reaction mixture facilitating immediately the production of the
result of the lecture reading by visual inspection of the turbidity [35]
or the fluorescence by Sybr Green [24]. The target used has been 18S
rRNA, evidencing 98. 5% sensitivity and 94.3% specificity compared
to microscopy [36]. Therefore, LAMP is promising as a test because of
its sensitivity, speed and fewer performance requirements than other
molecular tests. However, the conduction of clinical trials to validate
and optimize its utility for diagnosis is necessary.

Due to the genome sequencing of the P. falciparum, P. vivax and
P. ovalespecies [37,38], microarrays have been designed to detect drug
resistance markers and genetic virulence factors [39,40]. Also, Laser-
Desorption Mass Spectrometry (LDMS) is a powerful tool that has
been suggested for infection screening due to its ability to identify
hemozoin (Malaria pigment) produced by malaria parasites [41,42].
This test was evaluated for malaria diagnosis in asymptomatic pregnant
women in Zambia and it demonstrated a rate of sensitivity at 52% and a
rate of specificity at 92% [43]. However, these techniques are limited to
reference laboratories and are very expensive.

Chagas Disease

Chagas Disease, or American Trypanosomiasis, is a complex
anthropozoonosis caused by Trypanosoma cruzi. It is considered
a zoonotic and neglected disease that represents a pressing public
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health problem in the Americas, where 7.7 to 10 million people are
infected [44]. In addition to its concerning presence in the Americas,
Chagas disease is expanding to other continents, such as Australia,
North America and Europe, becoming a serious issue in non-endemic
countries [45]. The main mechanism of transmission of Chagas disease
is through contact with triatomine feces, although other methods of
transmission exist including blood transfusion, organ transplantation,
oral and congenital transmission, and laboratory accidents [46]. Chagas
disease develops in two phases. The first is an acute phase that normally
is asymptomatic, or that can present symptoms around 8 to 10 days
after invasion by the parasite as febrile illness or signs of portal of entry
of T. cruzi (Chagom in the skin or Romafa’s sign in ocular mucosa).
After some years (10-30 years), about 30-40% of the patients in acute
phase develop symptoms of the chronic phase. These symptoms can be
cardiac type (Cardiomyopathy), digestive (megaesophagus/megacolon)
or mixed (cardiodigestive) [46].

T. cruzi displays a relevant genetic variability, different cycles
of transmission and the possibility of recombination exchanges.
Therefore, based on different molecular markers and biological features,
the taxon has been classified into six Discrete Typing Units (DTU’s)
or near-clades from Tcl to TcVI [47]. The DTUs are associated with
different geographical distributions and are present in diverse ecotopes.
Additionally, some studies have detected a correlation with clinical
manifestations and parasite DTU [47-49]. These previously mentioned
aspects of the genetic variability of the parasite are very important for
a proper diagnosis.

The diagnosis of Chagas disease is different with respect to the
phase of the disease. During the acute phase, the parasitemia is elevated,
therefore the aim of the diagnosis is detection of trypomastigotes in
blood, mainly by microscopic tests such as direct parasitological fresh
blood test and smear and thick drop blood tests, and concentration tests
such as microhematocrite or Strout that demonstrate sensitivity rates of
80 to 90% in patients with Chagas disease [50-52]. In addition, other
methods can be used, including Hemoculture and Xenodiagnosis, but
despite that these methods allow isolation and detection of parasites,
they fail to provide immediate results.

In the chronic phase, the parasitaemia is scarce, therefore methods
like hemoculture and Xenodiagnosis have low sensitivity (20-50%) in
the chronic phase [53,54]. Instead, the diagnosis of Chagas disease in
the chronic stage is perfomed with serological tests due to the necessity
of detecting IgG antibodies against T. cruzi antigens. The most common
serological methods used are the conventional serological tests that
include, primarily, Immunofluorescence Assays (IFA), Enzyme-Linked
Immunosorbent Assays (ELISA) and indirect hemagglutination
assays (IHA), these assays can employ recombinant and/or crude
antigenic T. cruzi preparations [55-57]. Some authors have reported
that the conventional tests prepared with crude antigenic T. cruzi
preparation scan produce a certain number of false positives and
false negatives [58,59], whereby the use of recombinant antigens is
promising. However, recent systematic reviews report conventional-
ELISA sensitivity and specificity of 97.7% and 96.3%, respectively and
for ELISA-Recombinant 99.3% sensitivity and 97.5% specificity [60,61].

The use of recombinant antigens has allowed the development of
diagnosis by Rapid Diagnosis Tests (RDTs) for antibodies detection.
RDTs offer multiple advantages: they are relatively easy to perform,
require minimal amounts of sample, impose only a short time delay,
and require only minimal amount of trained staff to execute them
smoothly in soil lacking laboratory facilities given their easy handling.
These tests have been evaluated in several studies in different countries

finding high sensitivity and specificity [57,62-68]. Immunoblot assays
have been also conducted; among these the most important is TESA-
blot that consists of detection of antibodies against the antigens TESA
(trypomastigote excreted-secreted antigen). This assay is currently
commercialized [55,69-71] and has been widely used because of its
high sensitivity and specificity and ability to resolve doubtful serology
and cross-antigenicity issues with related protozoan parasites in regions
where the disease is endemic. The TESA antigen assay also has been
used for other tests like ELISA [72].

Molecular tools have been applied to the diagnosis of Chagas
disease; PCR is the main molecular tool and allows the diagnosis and
discrimination of the DTU’s in acute and chronic phases. However, its
usefulness is primarily focused in the chronic phase, congenital Chagas
diagnosis and post therapeutic follow-up due to its ability to detect
low parasitemias. Several targets for the detection of T. cruzi by PCR
have been widely used, including: Mini-exon gene, kDNA minicircle
constant regions, 195 bp and 1025 bp Nuclear repetition, Flagellum
protein gene and Variable domain LSU RNA [73]. However, the variable
region of the minicircle kinetoplast DNA (kDNA) and a repeat tandem
sequence of nuclear DNA (stDNA) of the parasite have been the most
used regions as target sequences for diagnosis via PCR because of their
high number of copies [55,73-75].

Some studies implementing the k-PCR reaction (polymerase chain
of kinetoplast) technique demonstrated diagnosed chronic phase
sensitivity of 100% and 83. 5% over serological methods [76,77]. Other
studies showed that the sensitivity improved by 50% to 92.2%, with a
specificity of 97.7% when guanidine hydrochloride is used for storage
of samples [61]. Sensitivities of 70% were observed for kPCR and 75%
for the Sat-PCR reaction (Polymerase Chain satellite) as compared
with TESA-blot serological test [55]. Other studies that used k-PCR for
monitoring patients post-treatment and for monitoring animal models
showed that this technique is much more sensitive than xenodiagnosis
and Hemoculture [53,55,78,]. Additionally, the PCR and qPCR have
been widely used in studies to follow-up post therapeutic efficacy
[79-85]. These studies showed that the PCR is a useful tool that can
be used as an early marker of chemotherapy failure before serological
reversal [55,79-86]. In fact, currently a clinical trial is being conducted
using PCR as a technique for monitoring treatment efficacy with
benznidazole [87].

Recently, in order to perform a validation of PCR procedures for
detection of T. cruzi DNA in human blood samples, a multicentric
international study was performed in which PCR techniques used by
different PCR laboratories from 16 countries were compared. This
study evidenced high variability among laboratories and methods
confirming that the lack of standardization led to poor reproducibility,
precluding the possibility of comparing findings among different
laboratories. However, four methods demonstrated the best rates
of sensitivity between 83.3-94.4%, specificity of 85-95%, accuracy
of 86.8-89.5% and kappa index of 0.7-0.8 compared to consensus
PCR reports of the 16 good performing tests which demonstrated
respective rates at 63-69%, 100%, 71.4-76.2% and 0.4-0.5, as compared
to serodiagnosis. Furthermore, some methods showed an important
reduction of the analytical sensitivity when spiked blood samples were
tested in comparison to purified parasite DNA, suggesting that the
DNA purification step is crucial for the PCR yield and the necessity of
using an internal amplification control [88]. These results generated the
standardized and validated multiplex Real-Time PCR using TagMan
probes targeting the Satellite DNA [89,90]. In addition, there have
been designed Real-Time PCR methods using TagMan probes for
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Figure 1: Algorithm for the detection of specific Trypanosoma cruzi DNA
including the accurate discrimination of the Discrete Typing Units (DTU’s)
based of conventional PCR and High Resolution Melting analyses (HRM) by
Real Time PCR.

other targets such as kDNA and 18S rRNA [91]. Also, it was observed
that the genetic variability could affect the molecular and serological
diagnosis. Different algorithms have been deployed for the molecular
characterization of DTU’s by performing RAPD, PCR-RFLP, qPCR,
MLST, MLMT and DNA sequencing analyses [49, 92-96]. However,
new algorithms have been developed for an accurate and reliable
discrimination of T. cruzi DTU’s [49,97] even though such identification
has been achieved through the implementation of a High-Resolution
Melting (HRM) genotyping assay that offers the highest rates of
specificity and sensitivity, high performance, and low cost as compared
with previously described characterization methods (Figure 1) [98].

African Trypanosomiasis

African trypanosomiasis (sleeping sickness) is caused by the
infection of two subspecies of the complex Trypanosoma brucei (T.
brucei gambiense and T. brucei rhodesiense) and transmitted by the bite
of the tsetse fly [99]. The disease affects mostly poor populations living
in remote rural areas of Sub-Saharan Africa due to tsetse fly infestation,
which covers about 10 million km? of the landmass of Africa [100].
Clinical manifestations are described as occurring in early or late stages.
In the early (hemolymphatic) stage, onset 1-3 weeks after sustaining the
tsetse fly bite, the parasites multiply in the blood, lymph, and peripheral
tissues. At this stage, symptoms tend to be non-specific, and include
malaise, headache, arthralgia, generalized weakness, and weight loss.
During late (encephalitic) stage, the parasites can cross the blood-
brain barrier and invade the CNS. In this late stage, symptoms can be
grouped into general categories such as psychiatric, motor, and sensory
abnormalities, but primarily take the form of the sleep disturbances
that give the disease its name [101]. Such sleep disturbances occur in
74% of infected patients [102].

Untreated or ineffectively treated African trypanosomiasis is
usually fatal. Usually, T.b. gambiense infection lasts several months or
years. This infection is responsible for most reported cases, and human
beings are believed to be the main host. In contrast, T.b. rhodesiense
infection causes an acute disease lasting several weeks [101,103].
According to WHO, between 1999 to 2011, the reported number of
new cases of the chronic form of human African trypanosomiasis (T. b.
gambiense) fell by 77%, from 27.862 to 6.631. During the same period,

the number of newly reported cases of the acute form of human African
trypanosomiasis (T.b. rhodesiense) fell by 82% [104].

The diagnosis varies according to the subspecies. In cases produced
by T.b. rhodesiense, for which screening tests is not available, diagnosis is
usually conducted by direct microscopic examination of thick and thin
smears of blood and lymph aspirates in patients with symptoms. Also,
there are concentration methods that demonstrate increased sensitivity
rates, such as the microhematocrit centrifuge technique (mHCT),
quantitative buff and coat analysis, and the minianion-exchange
centrifugation technique (mAECT) [105]. In cases of possible infection
by T.b. gambiense, direct methods are used to search for parasites in
the blood or lymphatic aspirates. However, they are ineffective since
this infection is usually chronic and the parasitemia is cyclical. For
that reason, the Card Agglutination Test for Trypanosomiasis (CATT),
which is simple and quick to undertake, is usually useful for screening
[106]. However, this test has limitations such as low sensitivity [107].
Therefore, the cases must be confirmed by lumbar puncture, which
permits detection of the parasite or elevated white-blood- cell count
in CSF [103].

Due to the numerous limitations in its diagnosis, a wide range
of molecular amplification techniques has been developed to detect
African trypanosomiasis. Techniques implemented range from FISH to
gene sequencing. However, the most implemented technique is PCR.
The sensitivity and specificity of a diagnostic PCR largely depends on
the DNA sequence targeted by the primers. For that reason, the targets
used for detection correspond to the most abundant and conserved
sequences across the parasite genome. Among these we can find:
fragment 177 bp of satellite DNA; expression-site-associated genes
6/7 (ESAG6/7); glycosylphosphatidylinositol phospholipase C gene
(GPI-PLC)sfirst internal transcribed spacer (ITS1); kinetoplast DNA
(KDNA); paraflagellar rod protein A gene (PFRA); 18S ribosomal DNA
(18S rDNA);18S ribosomal RNA (18S rRNA) and DNA Maxicircles
[108-112].

In addition, other targets are used for differentiation of subspecies,
such as the internal transcribed spacer (ITS1), which is amplified by
conventionaland nested PCR [113,114]; Trypanosoma brucei gambiense-
specific glycoprotein (TgsGP) gene, whose amplification is specific for
T.b. gambiense [111,115] and serum-resistance-associated gene (SRA),
whose amplification by conventional PCR [114,116] or Multiplex PCR
[117] facilitate the specific identification of T.b. rhodesiense. In fact, a
recent systematic review determined that the sensitivity for PCR on
blood was 99.0% and the specificity 97.7% [118]. These results are due
to development of modifications of the conventional PCR, such as the
Real-time PCR with primers targeting the 177 bp repeat satellite DNA
in T. brucei and detection by Sybr Green [119], or even better assays
that use specific probes as molecular beacons probes and primers
targeting 18s rRNA, facilitating specific detection of the two subspecies
[120,121].

Unfortunately, the PCR does not generally exist in field conditions.
Consequently, the patient populations studied were not always
representative [118]. For that reason, other assays have been employed,
such as a rapid test for detection of PCR products that are subsequently
visualized on a dipstick in only 5 minutes through hybridization with
a gold-conjugated probe (oligochromatography) [103,121] and Loop-
mediated isothermal amplification of DNA (LAMP), that allows rapidly
amplified target DNA under isothermal conditions [122], the latter
becoming a potential tool for the diagnosis in the field, especially in
endemic regions [123,124]. The LAMP assay has undergone several
changes, including the visualization with Sybr Green [125], and
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the adding of detergent to the samples prior to LAMP assay [126],
considerably increasing sensitivity. Finally, molecular diagnosis in
African trypanosomiasis has been successful with sensitive molecular
tests that allow the detection and differentiation of the parasites.
However, there are many limitations, including the facts that these tests
are restricted to reference laboratories and are unavailable for the use
in the field. Therefore, it is necessary to design fast, simple, economical,
and reliable diagnosis and screening tests.

Leishmaniasis

Leishmaniasis is a parasitic disease caused by a complex of species
of the genus Leishmania. These parasites are spread by the bite of
infected sand flies occurring in two independent geographical foci; in
the new world the main genus is Lutzomyia and in the old world the
main genus is Phlebotomus [127]. There are several different clinical
manifestations of leishmaniasis. The most common are cutaneous
and visceral manifestations. The cutaneous type causes skin sores. The
visceral type affects internal organs, such as the spleen, liver, and bone
marrow. People with this form usually exhibit fever, weight loss, and an
enlarged spleen and liver [128].

Leishmaniasis is found in regions of approximately90 countries
in the tropics, subtropics, and southern Europe. This tropical disease
is generally more common in rural than in urban areas. Climate
and other environmental changes have the potential to expand the
geographic range of the sand fly vectors and the regions of the world
where leishmaniasis is found [129]. The number of new cases per year
is not known with certainty. For cutaneous leishmaniasis, estimates of
the number of cases range from approximately 0.7 million (700.000)
to 1.2 million (1.200.000). For visceral leishmaniasis, estimates of the
number of cases range from approximately 0.2 million (200,000) to 0.4
million (400,000) [127]. Additionally, infection in people is caused by
more than 20 species of Leishmania parasites (L. donovani, L. infantum,
L. panamensis, L. guyanensis, L. tropica, L. major, L. mexicana, L.
braziliensis, L. aethiopica among others), which are spread by about
30 species of phlebotomine sand flies (Lutzomyia and Phlebotomus
species) [130,131]. This epidemiological scenario demonstrates the
need to pursue overall research in order to unravel the disease drivers.

Regarding the diagnosis, the techniques employed for the detection
of the parasite vary from the microscopic observation of the parasite to
the detection of Leishmania DNA [132]. Despite of the rise of genome
sequencing and Next Generation Sequencing, nowadays there is not a
standard diagnostic test for Leishmaniasis. The problem starts in the
disease itself. The pathology demonstrates a tailored number of distinct
phenotypes that may be caused by different species and also attributed
to mixed infections of independent species [133,134]. Therefore, old-
fashioned techniques and molecular tools interpose for the diagnosis
of this tropical disease. As a matter of fact, microscopy (examination
of giemsa-stained lesion biopsy smears) and culture (biopsy triturates
and aspirates) are still considered the gold standard for leishmaniasis
diagnosis due to its high specificity [135]. The big problem with
this technique is that the sample can only be diagnosed until genus
Leishmania and in most of the cases the species is not discriminated
[136]. Additionally, the sensitivity of these techniques is low and
depends on the number and dispersion of parasites in biopsy samples,
the sampling procedure and the operator [137,138].

Immunological diagnosis has also been attempted in
leishmaniasis, especially in visceral leishmaniasis, which is foreseen
in the presence of currently available direct agglutination tests
and immunochromatographic dipsticks [139]. Serological tests do

not show a good performance in cutaneous leishmaniasis because
sensitivity can be variable and because the number of circulating
antibodies tends to be low. The specificity is the most critical point
in leishmaniasis diagnosis because in most of the endemic areas of
leishmaniasis co-exists Trypanosoma cruzi and Trypanosoma brucei,
where cross-reaction may be observed, producing a high amount of
false-positive results [136,140,141]. Lastly, but not less important, is
the Montenegro skin test (MST) that is occasionally used in cutaneous
leishmaniasis diagnosis (epidemiological surveys and vaccine studies).
This test has been widely used because of its sensitivity and specificity.
Unfortunately, the main disadvantage of this method is the requirement
of antigen preparations and the impossibility of establishing the
etiological agent of the infection [142]. Due to all the disadvantages that
the parasitological and immunological techniques hold, it is necessary
to deploy molecular tools for a rapid, feasible and accurate diagnosis of
cutaneous and visceral leishmaniasis.

Molecular tools have also been deployed to detect Leishmania
infections and to discriminate the species involved. Different molecular
approaches have been developed that range from pulse-field gel
electrophoresis to genome sequencing [137,143]. Most of these efforts
have been focused on discriminating Leishmania species, but recently
competitive and accurate PCR methods have been developed as
molecular diagnosis tools of leishmaniasis [144]. In the last decade,
PCR analysis has been successfully introduced and has been proven to
be the most sensitive molecular tool for direct detection and parasite
characterization of Leishmania species in clinical samples [145,146].
PCR allows a rapid detection of the parasite without the need of
culturing. The PCR sensitivities in skin aspiration, and even in blood
in the cases of cutaneous and visceral leishmaniasis, range from 60%
to 100% [137]. This is clearly dependent on different factors, such as
the DNA extraction method employed, the quality of the samples and
of most relevance, the target selected for the detection of Leishmania
DNA. Currently a broad range of markers have been employed to detect
and discriminate Leishmania; among these, we can find the Internal
Transcribed Spacer 1 (ITS1), Kinetoplast DNA (kDNA), The Small Unit
or rRNA (SSU rDNA), The Heat Shock Protein 70 (HSP70) and the 7SL
rRNA (7SL) [146-149].

An important issue with regard to the selection of the method for
the diagnosis of Leishmania is the number of copies of each target,
which indeed is different for most of the species [150]. Therefore, when
applied to biological samples, the absence of amplification is not always
related to the absence of parasite, just for the fact of the low parasite
burden that the biological sample persists. This reason suggests that the
most used markers for this detection are the most abundant on parasite
genome (kDNA and ribosomal genes). In fact PCR-RFLPs algorithms
have been deployed with the purpose of detecting the parasite and also
to discriminate the Leishmania species with Haelll digestion (Figure 2)
[151,152]. Lately, the quantitative real-time PCR (qPCR) has emerged
as an appropriate alternative for the diagnosis of Leishmaniasis [153-
155]. This method permits an absolute quantification of the parasitic

PCR-RFLP Hsp -70
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Figure 2: Algorithm for the discrimination of Leishmania species based on
the PCR-RFLP assay directed to Heat Shock Protein 70kDa using the Haelll
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load in blood and tissues from infected patients. Also, due to the
properties of the assay, it is possible to discriminate the different species
using High-Resolution Melting analyses or even conducting analysis
of denaturation with FRET probes [156,157]. Therefore, molecular
diagnosis is highly efficient for the screening of patients infected with
Leishmania species.

Despite efforts in the deployment of molecular tools for the
diagnosis of Leishmania, there are six clinical/biological issues, as
mentioned by Reithinger and Dujardin in 2006 [137]. i) The first is
the cure criteria in treated patients. PCR has produced percentages
of sensitivity and specificity close to 100%. In patients with visceral
leishmaniasis it has been observed that in the lack of symptomatology
the PCR remains negative but in the cases of cutaneous leishmaniasis
up to 80% of patients with no symptomatology present a positive PCR,
even 8 years after clinical cure [158,159]. ii) Host tissue quantification
of parasites should be assessed by PCR. Although, there are currently
qPCR methods with analytical sensitivity around 0.0125 parasites per
mL and excellent linearity, there has not been developed a multicentric
comparison in order to assess the potential of this technique in biopsies
[160]. iii) In some context, with the purpose of evaluating the viability
of parasites submitted to chemotherapy of vaccines, assays detecting
RNA are necessary. In this sense, isothermal amplifications such as
reverse transcription Loop isothermal assays have been reported, but
never compared across geographical regions [161]. iv) The deployment
of a method that allows a rapid and accurate diagnosis of Leishmania
species. Despite the current availability of PCR-RFLP methods for
this purpose, they are not sensitive enough which requires the need
to pursue studies on this area. v) Molecular diagnosis might allow
defining parasite-specific features, such as virulence or drug resistance.
This is still under study and forthcoming techniques are necessary. vi)
Parasite tracking is needed for the purpose of detecting parasite strains
that are susceptible or resistant to chemotherapy.

In conclusion, regarding the molecular diagnosis of leishmaniasis,
there are significant advances toward the establishment of a method
that can be widely used. Unfortunately there are not multicentric
evaluations, such as those conducted on Chagas disease. The only
one available has recently been published by Cruz et al. 2013 [162]
demonstrating the high reproducibility of the current methods for
PCR. The analyses of the new sequenced Leishmania strains will
provide further information about candidate markers for the diagnosis
of this neglected tropical disease.

Conclusions

Herein we engaged in a schematic and systematic review about the
current methods available for the molecular diagnosis of vector-borne
parasitic diseases. The advances in this field have been important, but
novel research is needed. The most notable absence in the research thus
conducted is the lack of international multicentric studies comparing
the sensitivity, concordance and specificity of the methods employed by
different laboratories. Such research has only been conducted for Chagas
disease, and to a lesser extent on leishmaniasis. We encourage the lead
researchers in every pathology to conduct international evaluations
in order to propose reliable, accurate and promising technologies for
the molecular diagnosis of these pathologies that still represent serious
problems in public health.
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