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Laboratorial diagnosis of animal leptospirosis*

Diagnéstico laboratorial de leptospirose animal
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Abstract

Leptospirosis is the most widespread zoonosis in the world, but it is more prevalent in tropical than in temperate regions. Its etiologic
agent, pathogenic Leptospira sp., penetrates the animal skin through cuts or abrasions, external mucosa (such as the conjunctiva).
Clinical signs are variable and unspecific, particularly in animals, mainly in chronic infections, which are often asymptomatic. For
an effective control of an infectious disease it is essential a diagnostic test that have high sensitivity, specificity and practicality. In
leptospirosis, misdiagnosis is frequent, what can lead to erroneous treatment in cases of acute disease and to the maintenance of
the agent in herds, what could determine considering losses. Noteworthy that the natural course of the disease influences directly
on which diagnostic test should be chosen, as well as the type of clinical sample that should be collected. The laboratory diagnosis
of leptospirosis is challenging, where there is not a highly sensitive and specific test for a reliable diagnosis in animals. This review
presents advantages and disadvantages of the current laboratory methods for animal leptospirosis diagnosis considering the
differences between affected species and the disease pathogenicity.
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Resumo

Aleptospirose é a zoonose mais amplamente disseminada pelo mundo, porém é mais comum em regides tropicais do que em regides
temperadas. Seu agente etioldgico, Leptospira sp., penetra ativamente no organismo do animal através de cortes ou abrasdes na
pele, mucosa externa (como por exemplo a conjuntiva) ou até mesmo na pele integra quando em contato por tempo prolongado
em colegdes de agua contaminada. Seus sinais clinicos s&o variaveis e inespecificos, particularmente em animais, nos quais
muitos casos se apresentam assintomaticos. Para um controle efetivo de uma doenca infecciosa, é essencial o desenvolvimento
de um teste diagndstico que apresente alta especificidade, sensibilidade e praticidade. No caso da leptospirose, o erro diagnéstico
é frequente, o que pode induzir ao tratamento erréneo, nos casos de doenga aguda, e também a manutengdo do agente em um
rebanho, o que gera muitas perdas. O curso natural da doenca influencia diretamente no tipo de método diagndstico que deve
ser eleito, assim como no tipo de amostra que deve ser coletada. O diagndstico laboratorial da leptospirose ainda € um desafio,
onde nao existe um método altamente sensivel e especifico que promova um diagndstico confidvel em animais. Esta revisao tem
por objetivo apresentar as vantagens e desvantagens dos métodos diagnésticos disponiveis, considerando as diferengas entre
as espécies afetadas e da patogenia da leptospirose.

Palavras-chave: bacteriologia, diagnostico, Leptospira, leptospirose, PCR, sorologia.

Introduction no complete correlation between serologic and genotypic

classification: the same serovars may be found in more than

Leptospirosis is the most widespread zoonosis in the world, but
the disease is it is more prevalent in tropical than in temperate
regions (Desvars et al., 2011). Leptospires are bacteria belonging
to the family Leptospiraceae, order Spirochaetales. There are
currently two different taxonomic classifications: serological
and genotypic. Serological classification divides leptospires
into serovars defined by the cross-agglutinin absorption test
(CAAT), which are then grouped into serogroups according to
the antigenic similarity of their LPS and the possibility of cross-
reactions. This classification has identified approximately 300
serovars, being more than 200 considered pathogenic (Faine
et al., 2000). Conversely, genotypic classification is based on
identity between DNA samples. Based on this technique, 20
species of the genus Leptospira have been identified (Smythe
et al., 2012). The adoption of the genotypic classification turns
the identification of leptospires difficult. Additionally, there is

one species and some species contain both pathogenic and
non-pathogenic serovars. Thus, in order to accurately track
the epidemiology of leptospirosis, it is essential to identify not
only serologically but also the genomospecies of the leptospiral
isolates (Djelouadiji et al., 2012).

The clinical presentation of leptospirosis is unspecific; due to
this, misdiagnosis is frequent. The definitive diagnosis relies
on laboratorial results, which is still a really challenging (Musso
and La Scola, 2013). The Microagglutination test (MAT) is the
official diagnostic method recommended by both the human and
animal health organizations (World Health Organization -WHO,
2010; World organization of animal health — OIE, 2012). It is
serogroup-specific and not adequate for determining infection in
a serovar level. Likewise, the diagnosis based on the genomic
detection in clinical samples does not allow an identification of
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the serovar, what is particularly important for epidemiological
studies (Picardeau, 2013). This review presents the advantages
and disadvantages of the current laboratory methods for the
diagnosis of animal leptospirosis, considering the differences
between affected species and the disease pathogenicity.

Animal leptospirosis

Leptospires penetrate actively in the animals through cuts or
abrasions of the skin; mucosa, such as the conjunctiva and
genito-urinary (Lilenbaum et al., 2008), or the intact skin when
it is prolonged in collections of contaminated water (Adler and
de la Pefa Moctezuma, 2010). After penetration, leptospires
multiply in organic humors (blood, lymph and cerebrospinal
fluid), featuring leptospiremia phase, when leptospires are spread
throughout the host organism (Monahan et al., 2009). That phase
takes approximately ten days, until the concentrations of specific
immunoglobulins rise in the blood. These immunoglobulins
opsonize bacteria, with subsequent removal of the leptospires of
circulation (Adler and de la Pefia Moctezuma, 2010). When the
host immune response is effective in removing the leptospires
from blood circulation and able to overcoming the damage
and consequent functional changes, starts the second phase,
characterized mainly by leptospiruria. This is referred to as the
immune phase with circulating antibodies, and the presence of
leptospires in urine (Bharti et al., 2003).

Even after the onset of immune phase, leptospires may persist
colonizing various organs. Probably, locals like the interstice of
the kidney is relatively protected from immune attack, for having
lower blood supply (Monahan et al., 2009). Bacteria reside and
form colonies in the lumen of the renal tubules of the animal
host that spread leptospires in the environment, which is the
main factor in the dissemination of the agent (Bharti et al., 2003).

Depending on the host species and the infecting serovar,
that chronic phase may take several years, and spreading of
leptospires in urine is referred to be intermittent. In this case, the
shedder animal is known as reservoir, or simply, carrier or host
(Faine et al., 2000). The occurrence and severity of the clinical
symptoms depends on the interaction between the host and
the infecting serovar. Some serovars tend to cause chronic and
often subclinical disease in a determined host species, called
host-adapted, while non-adapted serovars usually determine
acute and severe disease. Among the serovars described as
host-adapted, there are Canicola in dogs, Bratislava in horses,
Pomona in pigs, Hardjo in ruminants and Icterohaemorrhagiae
in rats. (Suepaul et al., 2011; Sykes et al., 2011), as shown on
Table 1.

Table 1: Comparison between host adapted and incidental infections in

animal leptospirosis

The incidental disease also varies according to the affected
species. In dogs from tropics, it is most frequently determined
by serovars Icterohaemorrhagiae and Copenhageni (both
from serogroup Icterohaemorrhagiae). It classically presents
as an acute and severe form, which resembles the typical
Weil’s disease of human beings. Typically, the incidental acute
leptospirosis in dogs present with fever, jaundice, vomiting,
diarrhea, intravascular disseminated coagulation, uremia caused
by renal failure, hemorrhages and may frequently lead to death
(Goldstein, 2010).The reservoirs of those serovars are rodents,
mainly the Norway rat (Rattus norvegicus), while the role of wild
rodents and marsupials in Brazil, as the brow rat, capybaras or
opossums remains to be elucidated. Conversely, the chronic
disease determined by the adapted serovar (Canicola) leads
to chronic renal insufficiency, which is generally mild and are
frequently misdiagnosed (Andre-Fontaine et al., 2006).

In livestock, signs of leptospirosis are mainly characterized by
reproductive failure, abortion, stillbirths, fetal mummification
and weak piglets or calves. When determined by host-adapted
serovares, the disease is endemic with a few cases that happens
permanently and all over the year. When associated to incidental
infection, it usually presents as an outbreak, with a large number
of cases in a short period of time, and severe symptoms (Grooms
and Bolin, 2005; Ramos et al., 2006; Martins et al., 2012).
Nevertheless, in young animals, the disease may develop a
more severe presentation as an acute infection, in which signs
such as fever, jaundice, and hematuria are present, with high
mortality (Grooms and Bolin, 2005).

In horses, the most described clinical sign associated to
leptospirosis is the recurrent uveitis, also known as moon
blindness, in which the leptospiral epitopes cross-react with
ocular proteins that are then recognized by the horse’s immune
system as non-self (Gilger et al., 2008). Additionally, leptospirosis
is also a reproductive disease since it leads to abortion, stillbirth,
prematurely born foals and early embryo death, which are
strongly associated to Bratislava infection — formerly the host
adapted serovar for horses (Pinna et al., 2013). Nevertheless,
subclinical forms are very common, particularly in endemic
regions (Jung et al., 2010; Houwers et al., 2011).

Laboratorial diagnosis

For an effective control of an infectious disease it is essential

a viable diagnostic test that have high sensitivity, specificity

and practicality (Palaniappan et al., 2007). The lack of an ideal

laboratory test for detection of animal leptospirosis, however,

remains a major barrier to diagnosis and surveillance (Hartskeerl
etal., 2011).

Noteworthy that the natural course of the disease
influences directly on which diagnostic test should
be chosen and the type of clinical sample that

Adapted serovars

Incidental serovars

should be collected (Picardeau, 2013).

Affected species is the reservoir
Frequent occurrence
Endemic
Less influenced by environmental factors
Chronic or sub-clinical
Silent
Low immune response
IgG predominant

Acute

Dependent of other species
Infrequent occurrence
Epidemic (outbreaks)

Dependent of environmental factors

Rich in symptoms
Intense immune response
IgM predominant

During leptospiremia (acute and initial phase),
the agent can be easily detected in whole blood
samples, cerebrospinal fluid and other humors of
the animal. But at this stage the humoral immune
response is not yet established and the animals
usually do not show detectable serological titres
in conventional serological tests. Meanwhile, when
there is leptospiruria, leptospires are intermittently
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released in the urine and hardly detected in the



blood. At this time, the animals develop an immune response
with detectable serologic titres (OIE, 2012).

When the animal comes to death, liver, lung, brain and kidneys
samples can be collected for analysis (OIE, 2012). In abortions,
besides the above mentioned, leptospires could be detected in
blood, cerebrospinal fluid and gastric juice (OIE, 2012; Hamond
et al., 2012a).

The goal of the diagnosis is another important point that should be
highlighted when choosing a method. During the acute disease,
the elected diagnostic method must have the ability to obtain a
definitive diagnosis prior to the detection of antibodies, while
treatment may be more effective (Musso and La Scola., 2013).
In this case a method directed towards the demonstration of the
agent, such as PCR, is often more appropriate than serological
methods. Meanwhile, leptospirosis in livestock is a collective
disease and has to be evaluated in a herd level. In this instance,
serological tests were shown as acceptable tools to screen for
leptospirosis in order to detect infected herds (Otaka et al., 2012;
Hamond et al., 2012b).

Traditional direct methods of diagnosis

Microscopy

Leptospires are very thin organisms (10-20um) and are hardly
seen by traditional staining methods, as Gram or Giemsa. Dark
field microscopy (DFM) principle is based on the reflections from
the surface of the microorganism magnified by the microscope.
In this case, when the lens is focused on leptospires, this
bacterium is viewed as an object with bright contrasting dark
background (Faine et al., 2000). Approximately 10* leptospires/
mL are necessary for one cell per field to be visible by DFM.
The drawback of DFM on clinical specimens as a diagnostic tool
has been that both false-positive and false-negative diagnosis
can be easily made, even in experienced hands (Ahmad et
al., 2005). Approximately 10* leptospires/mL are necessary to
observe one cell per field. The result is also affected by the timing
of sample collection and the skill of the laboratory personnel.
Leptospires in blood can be detected only during the first few
days after onset. Direct examination of blood or urine by dark-
field microscopy can lead to misclassification of threads of
fibrin, other proteins, or even hair that might be accidentally in
the sample as leptospires. Thus, this should not be used as a
definitive laboratory test, but as an adjunct to other diagnostic
methods (Toyokawa et al., 2011).

Staining methods have been applied in order to increase the
sensitivity of direct microscopic examination on blood, urine
and others tissues form suspect animals. These include
Warthin-Starry silver stain (WS), a non-specific impregnation
method, and the specific direct immunofluorescence (IF) or
Immunohistochemistry (IHC) (Ahmad et al., 2005). WS and IF
techniques allow the direct visualization of the whole bacteria
in the clinical samples, what represents the main advantage of
those methods. The IF is particularly useful for detection of outer
membrane antigens (Fornazzari et al., 2012). Limitations of IF
are the lack of information about tissue morphology, the difficulty
of preserving the results and the need for special fluorescence
microscopy equipment. In contrast, IHQ does not require a
special microscope and provides an opportunity to examine
the distribution and localization of antigen in tissue sections.
Moreover, this method enables retrospective studies using
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formalin-fixed and paraffin-embedded tissue samples (Szeredi
and Hake, 2006).

Bacteriological Culturing

Leptospira isolation is considered as the gold standard diagnosis,
however it is hampered by the slow growth rate of the bacterium
(Adler and de la Pefia Moctezuma, 2010). Another limitation of
this method is that the samples have to be inoculated in specific
culture media immediately after collection (Faine et al., 2000;
Levett, 2001).

Leptospires can be isolated from clinical materials such as blood,
cerebrospinal fluid, urine and post-mortem tissues samples.
Tissue samples should be macerated before the inoculation
in liquid medium. For fluid samples, a few drops of blood are
inoculated into 5-10 ml of a suitable culture medium such as
Ellingausen-McCullough- Johnson-Harris (EMJH) medium,
modified Korthof medium or semi-solid Fletcher medium (Faine
et al., 2000).

Contamination of the cultures by other microorganisms occurs
frequently; particularly in cases of clinical specimens such as
urine were obtained by spontaneous voiding. Filtration through
0.22um micropores membranes or adding selective antimicrobial
agents or chemotherapeutic on traditional media culture are
procedures that are frequently adopted in order to prevent or
eliminate the contamination, but that makes the method costly
and laborious, and is very often ineffective (Rahelinirina et al.,
2010; Chakraborty et al., 2011).

Inoculated media must be maintained incubated at 28-30 °C and
examined weekly by DFM to 20 weeks before being discarded
with negative result. Therefore, culture is not considered effective
as a routine diagnostic test, being more performed for research
studies. Despite the high specificity, it has low sensitivity and
can take up to three months for the release of a negative result
(Faine et al., 2000; Ahmad et al., 2005; Toyokawa et al., 2011).

However, the isolation of bacteria plays an important role
in epidemiological investigations, being precondition for the
identification of strains involved in infections in a certain
geographic area (Chakraborty et al., 2011; Desvars et al., 2012).

Indirect diagnostic methods

Antibody detection - serology

Serological methods have been used over the years as evidence
of the host response to a leptospiral exposure. Depending on
the applied method, binding antibodies are detected in blood
approximately ten days after infection (Faine et al., 2000; Levett,
2001). In that moment, due to the lower probability of leptospires
detection in blood, serologic methods become required. In fact,
even during the leptospiruria phase, direct methods may be
uncertain, since elimination of microorganisms in urine is referred
to be intermittent (Adler and de la Pefia Moctezuma, 2010).

Microscopic agglutination test (MAT)

The microscopic agglutination test (MAT) is the serological test
recommended for the diagnosis of leptospirosis for both human
beings (WHO, 2010) and animals (OIE, 2012). The basis of the
test is the detection of agglutination reactions between serum
antibodies and outer membrane antigens of live leptospires. After
incubation, the serum-antigen mixture is examined by DFM in
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order to evaluate the agglutination percentage and determine
the serological titre (Chappel et al., 2004).

Although widely utilized and recommended, MAT has important
and well-known limitations. A panel of Leptospira serovars
should be kept alive in liquid media (EMJH), what requires
repeated weekly reviews and subculture of a large number of
strains, presenting hazards for laboratory workers (Ahmad et al.,
2005; Toyokawa et al., 2011). As a minimum, the panel should
include all locally circulating serovars and an incomplete panel
may be responsible for false negative results (Musso and La
Scola, 2013).

The method is laborious and requires well-trained and
experienced observers to minimize the probability of error, as
the reading of agglutination is subjective and interlaboratory
variation in results is high (Levett, 2001; Bharti et al., 2003).
Furthermore, the test is complex to control and perform; it cannot
be standardized since live leptospires are used as antigens
(Musso and La Scola, 2013).

With respect to the ability to identify the infectious serovar, it is
a consensus that MAT can identify the presumptive serogroup
in a reliable basis, but, due to the high degree of cross-reaction
among different serovars in each serogroup, it cannot be
considered as serovar-specific (Ahmad et al., 2005).

MAT detects antibodies from both M and G classes, and cannot
differentiate between current, recent, or past infections, or
even differentiate those decurrently from the natural infection
from the vaccinal antibodies (Limmathurotsakul et al., 2012).
The current interpretive criteria indicative of active infection
for MAT requires a fourfold rise in titer between the acute
and convalescent sera. Although it is well recognized that
seroconversion or increasing antibody titres in paired serum
specimens provides strong evidence for true infection, paired
serology is not practical in the clinical setting, particularly for
livestock (Yan et al., 2013).

Enzyme-Linked Immunosorbent Assay (ELISA)

Due to the several limitations of MAT, and complexity of
its interpretation, several tests to detect anti-Leptospira
immunoglobulins have been developed with the purpose of
replace or complement it, as rapid tests and ELISAs (Hamond
etal., 2012c). Different ELISAs have been developed for human
and others animals. Advantages of those assays are the ability to
distinguish between acute and chronic infection by detection of
specific immunoglobulins IgM or IgG (and, eventually, IgA); high
sensitivity and specificity, and high repeatability when compared
with MAT (Flannery et al., 2001). Conversely, depending on the
employed antigen, a positive result on ELISA gives no indication
on the infecting serovar/serogroup and is not sufficient to
diagnose a case of leptospirosis, what must be confirmed by
PCR, or culture (Picardeau, 2013).

Development of a single specific antigenic reagent suitable for
serological detection of infections with all serovars remains a
great challenge. ELISAkits based on the detection of antibodies
against a total extract of leptospires, usually the saprophytic
strain L. biflexa or the intermediate species L. fainei, which shares
several surface antigens with pathogenic strains, are available
(Picardeau, 2013). The immunodominant antigen share in whole-
cell preparations appears to be a broadly reactive disaccharide
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epitope present in nonpathogenic leptospires, as well as a
diverse group of nonleptospiral species (Flannery et al., 2001).

In the last years, several Leptospira surface proteins have been
identified and characterized, including the outer membrane
proteins (OMP) LipL36, LipL41, LipL32, Loa22, Len family, and
the Lig proteins, all of which have been used in leptospirosis
diagnosis studies (Hartleben et al., 2013). With that, several
ELISA protocols were developed with different recombinant
antigens in animals (Dey et al., 2004; Bomfim et al., 2005;
Sankar et al., 2010; Subathra et al., 2013; Hartleben et al.,
2013). Recombinant protein-based serologic tests may achieve
high sensitivity and specificity because of the high concentration
of immunoreactive antigens which can be used in assays,
and the lack of nonspecific moieties present in whole-cell
preparations. An ideal antigen would be a principal target of
the host immune response, expressed only in pathogenic
leptospires and conserved among the more than 200 serovars
associated with human disease in different geographic regions
and epidemiological situations (Flannery et al., 2001).

LipL32 is the major Leptospira protein studied as antigen for ELISA
protocols for use in different animals (Dey et al., 2004; Bomfim
et al., 2005; Hartleben et al., 2013). This is the most abundant
antigen found in the leptospiral total protein profile, highly
conserved among pathogenic species but absent in saprophyte
species; the surface lipoprotein LipL32 was also identified as an
immune target during natural infection by leptospires (Hartleben
etal., 2013). Sensitivity (SE) and specificity (SP) results of ELISA
protocols using recombinant LipL32 antigens (rLipL32 ELISA) are
encouraging. Studies present 97% of SE and SP in dogs (Dey
et al., 2004); 100% of SE and SP in cattle (Bomfim et al., 2005)
and 100% SE, 85.1% SP in swine (Hartleben et al., 2013) when
rLipL32-ELISA was compared with MAT.

Others recent studies using recombinant proteins such as OMPL
1 in dog’s serum with 100% SE and 94.3% SP (Subathra, et
al., 2013); Lig B (Sankar et al., 2010) and LipL21(Joseph et
al.,, 2012) in cattle both presented 100% SE and 97.1% SP
showed that all the studied protocols have similar results when
compared with MAT.

Other serological tests

Several rapid serological tests were described for the diagnosis
of the acute infection on humans, but all of them have limited
sensitivity, low specificity and are only used as screening methods.
They are based on four immunological principles: i) particle
agglutination; ii) immunodot or dipstick/comb; iii) immunofiltration
or flow-through device; iv)immunochromatography or lateral flow
(Musso and La Scola, 2013).

For veterinary diagnosis, a rapid slide test (RSAT) was developed
as a screening technique for early detection of anti- Leptospira
antibodies in the acute disease of dogs (Lilenbaum et al., 2002)
and horses (Hamond et al., 2012c). This test is based on the
antibody agglutination with a whole bacteria antigen preserved
in formaldehyde. The suspension of antigens must contain the
most frequent serovars in the considered region. The RSAT
is not able to identify the infecting serovar and, as described
above for ELISA, results cannot be applied on epidemiological
concerns. Results interpretation must be associated with clinical
symptoms, since the result may be doubtful due to the possibility
of cross reactions.



Advanced direct methods

Molecular diagnosis

Polymerase Chain Reaction (PCR) as a diagnostic tool for
leptospirosis in animals has been increasingly used in the
last years (Pinna et al., 2011). The value of this technique is
mainly observed for the carrier detection within a herd or even
on early diagnosis of an animal stricken with the most severe
form of leptospirosis (Hamond et al., 2012b; Otaka et al.,
2012). This technique presents high sensitivity and specificity,
allowing the amplification of minimum quantities of the micro-
organism DNA in various types of biological samples in a rapid
procedure (Hernandez-Rodriguez et al., 2011). Some molecular
systems are sensitive enough to detect 10 to 100 copies of
leptospiral genome per milliliter of sample (Bourhy et al., 2011).
However, it has limitations such as the inability to identify the
infecting serovar, thus not contributing to the advancement in
epidemiological studies (Ahmad et al., 2005).

PCRs fall into two categories based on the detection of genes
that are universally present in bacteria, as gyrB (Slack et al.,
2006), 16S rRNA gene, or rrs (Merrien et al., 1992) and secY
(Ahmed et al., 2009); or detection of genes that are restricted
to pathogenic Leptospira spp. such as lipL32 (Stoddard et al.,
2009; Hamond et al., 2012b), ligA and ligB (Palaniappan et al.,
2005) which the later ones are more effective for early diagnosis
in clinical specimens.

Recently, a number of real-time/quantitative PCRs (QPCR; SYBR
Green or Tagman technology) were reported for substitute the
traditional PCR, since they are faster than regular PCR and
less sensitive to contaminations (Ahmed et al., 2009). Another
characteristic of the gPCR is the DNA quantification on the
sample. Nevertheless, in human analyses, no correlation has
currently been found between the bacterial load detected in
clinical sample and the patient’'s prognosis (Picardeau, 2013).
Despite its advantages front of traditional PCR, the use of gPCR
is still very expensive for commercial veterinary use.

Typing methods

Typify a recently isolated Leptospira strain is still a challenge
because of the taxonomic conflicts. Although the serological
classification has no taxonomic value, establishing the infecting
serogroup or serovar is useful for identifying reservoirs and
for developing preventive strategies (Salaln et al., 2006).
Serological classification at serogroup and serovar levels is
based on cross-agglutination tests and agglutinins absorption
with hyperimmune sera (Paiva-Cardoso et al., 2013). These
methods are restricted to a few references laboratories and
require a pure and well grown culture to perform these tests.
Moreover, the interpretation of the results is complicated due to
the frequent cross-reactions that occur among serogroups. The
methods are also difficult to standardize because they depend
on the biologist operating the microscope (Salaiin et al., 2006).

Current typing of Leptospira strains requires a combination of
both serological and molecular methods in order to allow the
precise identification of field isolates (Paiva-Cardoso et al., 2013).
Species determination could be performed by conserved genus
sequencing. The usual target for sequence-based identification
of Leptospira species is the 16SrRNA, or rrs gene. Other genes
such as gyrB (Slack et al., 2006), rpoB (La Scola et al., 2006)
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or secY (Ahmed et al., 2006) has also been successfully used
to differentiate leptospiral species.

Matrix-assisted laser desorption ionisation-time-of-flight mass
spectrometry (MALDI-TOF-MS) emerged over the last years as
a first-line technique for the rapid identification of several bacteria
(Sauer and Kliem, 2010). That is a fast and easily applied method
for bacteria classification at the species level. Mass spectrometry
detects and compares individual protein mass peaks of bacterial
cells. Samples can either be spotted as native bacteria cells
(direct smear), or an additional extraction step can be performed
to purify the proteins of the bacteria (Rettinger et al., 2012). The
usefulness of MALDI-TOF-MS as a rapid, cheap and reliable
identification of Leptospira isolates at the species level was
proven, and a reference Leptospira database was created and
is available online to allow easy comparison of results in other
laboratories (Djelbuadii et al., 2012). This method can be used
as a comparable tool to the well-established molecular genetic
typing methods like MLST. Species confirmation by MALDI-TOF
MS is faster and more easily applied as compared with the other
and more elaborate molecular typing methods (Rettinger et al.,
2012).

Although serogroup classification is not well related to molecular
classification, serovars can be characterized by different
molecular typing methods, such as restriction fragment length
polymorphism RFLP (Djadid et al., 2009), randomly amplified
polymorphic DNA, and pulsed-field gel electrophoresis - PFGE
(Romero et al., 2009) However, these molecular methods have
certain drawbacks: they require large amounts of DNA, are
laborious and may not always be sufficiently discriminating or
reproducible (Salaiin et al, 2006).

Variable-NumberTandem-Repeat Loci was identified in some
species of Leptospira gender and, by the Multi Locus VNTR
Analysis (MLVA), could be possible the differentiation of most
serovars of L. interrogans and L. kirschineri (Majed et al., 2005;
Salailin et al., 2006, Bourhy et al., 2013). Strains from species
L. borgpetersenii, L. noguchi, L. santarosai, and L. kmetyi could
not be typed by this method because of the absence of one or
more of the VNTR loci (Bourhy et al., 2013).

Whereas VNTR is the current method accepted worldwide, Mult
locus sequence typing (MLST) promises a more straightforward
characterization of L. interrogans isolates because it is amenable
to standardization through available online databases, (such
as leptospira.mist.net), and allows access to current molecular
epidemiology data from many laboratories (Caimi et al., 2012).
Leptospira scheme supported by a public MLST database was
currently only applicable to L. interrogans and L. kirschneri, but
arecently study proposed a new MLST scheme that includes the
seven most important species of pathogenic Leptospira (Booslip
et al., 2013). MLST have been developed to differentiate the
species and examines the intra- and interspecies relationships
of Leptospira (Ahmed et al., 2006); that is a simple PCR-based
technique that makes use of automated DNA sequencers to
assign and characterize the alleles present in different target
genes (Romero et al., 2009). The main advantages of MLST
over other typing methods for leptospires include reproducibility,
robustness, consistency and portability (Ahmed et al., 2006).

Nonetheless, because of difficulties in obtaining isolates of
Leptospira from clinical samples (expense, expertise, problems
with contamination, and intrinsically poor isolation rates), some
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typing methods directly from clinical samples have been studied
recently (Agampodi et al., 2013). Bourhy et al. (2013) describe
a PCR-based typing method for amplification of rrs, secY, and
VNTR loci used directly on biological samples from humans with
acute disease. In this disease phase, the bacterial load in blood
during the acute phase ranges from 10?2 to 108 leptospires/mL,
thus avoiding culturing of the pathogen. Thus, if the bacterial load
is low, it may be necessary to use nested-PCR for amplification
of the target sequences. Another full MLST typing scheme to
directly identify infecting Leptospira in human clinical specimens
was reported, but this present a relatively insensitive and poor
amplification results (Agampodi et al., 2013).

Concluding remarks

The microagglutination test is widely used for the current
diagnosis of leptospirosis as official recommendation. Despite
its efficiency in the diagnosis of the acute clinical disease and for
collective diagnosis (detection of infected herds) and determine
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