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Abstract
Purpose of Review Leptospirosis is a zoonotic disease caused
by pathogenic spirochetes of the genus Leptospira. In Central
America, Leptospira is endemic, and almost all countries ex-
perience frequent outbreaks. Diagnosis of leptospirosis is pri-
marily based on serology. More technologically advanced
methods, such as polymerase chain reaction (PCR), are used
in only a few laboratories, although it can identify genes spe-
cific to pathogenic species. New techniques, such as isother-
mal reactions and molecular typing could also contribute to
disease surveillance in humans, animals, and the environment.
Recent Findings Advanced techniques, including molecular
characterization methods, have been used only rarely up until
now. In Nicaragua, we have used phenotypic analysis to char-
acterize pathogenic Leptospira species and multiple locus se-
quence typing (MLST) to facilitate the identification of a
completely new serovar in Costa Rica.
Summary Improved technology and expertise for molecular
typing of Leptospira are needed in order to improve surveil-
lance and provide the basis for epidemiologic studies. Current
MLST characterization schemes include representative strains

known to be circulating in Central America, and a more wide-
spread implementation of this technique could enrich infor-
mation about the epidemiology of Leptospira and enable iden-
tification of novel strains emerging in the region.
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Introduction

Leptospirosis is considered to be one of the most widespread
zoonoses, and it is a serious public health problem throughout
the world. The disease is caused by pathogenic spirochetes of
the genus Leptospira. It typically affects the most vulnerable
populations, is mainly associated with poverty and flooding,
and primarily occurs in tropical countries [1•].

In Central America, one of the most vulnerable regions in
the Americas for natural disasters, outbreaks of leptospirosis
have been reported in almost all countries [2–4]. One study, in
which the local Ministries of Health compared data to the
published literature, found that Costa Rica and Nicaragua
ranked 5th and 12th, respectively, in relation to the highest
incidence of leptospirosis in the world [5]. Although efforts
have been made in recent years to increase awareness of and
knowledge about the disease in these countries, it is doubtful
this is responsible for the high incidence these authors found
in the region, since underreporting is a handicap to all surveil-
lance systems in developing countries like those in Central
America.

In Nicaragua, human leptospirosis was recorded for the first
time in 1995, with significant outbreaks in that year, as well as in
1998 and 2007 [4, 6•, 7]. Although there have been fatal cases of
pulmonary hemorrhage in the late stage of the disease, generally
the case fatality rate is low [8]. In Nicaragua, as in other countries
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of Central America, leptospirosis has an endemic nature and is
observed in all regions—urban, suburban, and rural areas. The
majority of cases are associated with intense rains, with an aver-
age of two cases reported weekly in the rainy season (October
and November). However, in hyper-endemic areas, such as the
western region, as many as eight cases per week are reported
during the frequent epidemic events [1•].

The difficulties that surround making a specific clin-
ical diagnosis, combined with a lack of diagnostic lab-
oratory resources in most low- and middle-income coun-
tries, result in an underestimation of disease in sites
where leptospirosis has the biggest impact. In Central
America, as in the rest of the world, the gold standard
for leptospirosis diagnosis is the microscopic agglutina-
tion technique (MAT), but disadvantages of the test lim-
it absolute reliance on it. Real-time polymerase chain
reaction (PCR) is analytically superior, but lack of
equipment and expertise on the technique in laboratories
with limited resources has led to the design of isother-
mal PCR reactions (loop mediated isothermal amplifica-
tion [LAMP]), a diagnostic technique that has been suc-
cessfully used for human, animal, and environmental
samples. LAMP, however, does not accomplish molecu-
lar characterization, which is still necessary for specific
identification. Here, we detail the laboratory methods,
their strengths and weaknesses, and provide examples
of their direct application in a real-world setting.

Phenotypic and Serological Classification

The genus Leptospira contains two phenotypically derived
species; their classification is based on the antigenicity of their
lipopolysaccharide (LPS) molecules. These species are (1)
L. interrogans (sensu lato), the group of pathogenic
Leptospira, and (2) L. biflexa (sensu lato), which are free-
living leptospires present mainly in water and are neither as-
sociated with human or animal infections nor virulent in
laboratory-infected animals. Both L. interrogans and
L. biflexa are classified further into serogroups, according to
their serological characteristics. More than 60 serovars of
L. biflexa are known, and L. interrogans includes more than
200 serovars; more serovars have been isolated, but remain to
be published and verified. Serovars that are antigenically re-
lated to each other are traditionally grouped into larger
serogroups. However, neither serovar nor serogroup are taxo-
nomic classifications in the sense of phylogenetic determina-
tion [9•].

The distinction between serovars is essential to un-
derstand the epidemiology of Leptospira, but in most
cases, distinction relies on the availability of monoclo-
nal antibodies to identify the serovar quickly and is
only possible after first succeeding in isolating and pu-
rifying the bacteria. For example, in Nicaragua, the

phenotypes of clinical isolates have been characterized
following growth tests at 13 ° C, growth in medium
supplemented with 8-azaguanine, conversion to spherical
forms in 1 M NaCl, with the result that 8 of the ana-
lyzed isolates were classified as pathogenic species [10].

Genotypic Classification

Within the Leptospiraceae family, phylum Spirochaetes,
Leptospira consists of a unique genus, which is very hetero-
geneous and divided into different subgroups, according to
their genetic classification. Reference strains are available
from the World Health Organization (WHO) Collaboration
Centers in Amsterdam (The Netherlands) and Brisbane
(Australia) [11]. There is a discordance between phenotypic
and genetic classification systems so that there are species that
include both pathogenic and non-pathogenic serovars, and
some of them are also included in more than one
genetically-determined species. Accordingly, the genetic spe-
cies is typical of the strain, but no serogroup or serovar pre-
dicts the genetic species to which a strain in question belongs
[9•, 12].

Microscopic Agglutination (MAT)

MAT is the technique commonly used in reference laborato-
ries and can be used to identify immune response to
Leptospira according to serogroup, but it detects only antibod-
ies present in serum, without specificity for infection-induced
antibodies (versus vaccine-induced). It also requires maintain-
ing both clean cultures and local specific reference strains
[13]. In Nicaragua, MAT is performed only in two laborato-
ries. One laboratory is located within the National Diagnostic
and Reference Center (NDRC) and is responsible for the di-
agnosis of leptospirosis in humans. The other laboratory is in
the Veterinary Diagnostic and Research Center (CEVEDI),
School of Agrarian and Veterinary Sciences of Universidad
Nacional Autónoma de Nicaragua (UNAN-León), the labora-
tory specializing in the diagnosis of leptospirosis in animals.
Both centers form part of the National Commission of
Zoonoses and the “Inter-institutional work plan for a compre-
hensive approach to the prevention and control of leptospiro-
sis” [14]. In Costa Rica, diagnostics are performed at the
Laboratory of Leptospirosis Diagnosis of the National
Reference Center of Virology and Leptospirosis (CNRVL),
in the Costa Rican Institute for Research and Teaching in
Nutrition and Health (INCIENSA) [15].

Real-time Polymerase Chain Reaction (qPCR)

Real-time PCR is a more sensitive and specific test for the
detection of Leptospira. Besides providing faster results than
conventional PCR, qPCR, either using SYBR green or
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TaqMan technology, allows quantification of bacterial loads
by comparing cycle thresholds (CTs) to a standard curve of
known bacterial concentrations. However, it has been shown
that the quantification of leptospiremia in serum or whole
blood does not correlate directly with clinical manifestations
in patients [16]. While the specificity of the TaqMan qPCR
probes is higher than the one obtained with SYBR green, the
analysis of the dissociation curve may reveal additional infor-
mation, such as differentiating L. interrogans from other spe-
cies [17].

Despite the advantages of qPCR, the technique must be
carefully standardized because of several considerations in
its applicability. For example, the diagnostic and analytical
sensitivity depends largely on the type of sample and the pro-
cess of DNA extraction; in part, it is due to potential reaction
inhibitors present in the sample. Another important factor is
proper design of the primers, which in most cases are not
capable of binding to target genes of different serovars with
the same affinity. Therefore, a detailed analysis of the target
gene sequences of the circulating and suspected strains is nec-
essary for the design of probes and primers that yield the
highest sensitivity.

It is most appropriate to design primers that detect the larg-
est possible number of serovars, mainly aimed at the species
known to be present in the region, with contextual knowledge
of the specific geographical area of interest. Some studies
have evaluated the usefulness of different qPCR protocols
for detection of Leptospira in cultures, blood, plasma, and
serum samples. Table 1 details some PCR parameters that
have been developed for the diagnosis of leptospirosis. One
finding is that the SYBR green amplification targeting the
SecY gene detects the L. interrogans species with good ana-
lytical sensitivity, but is not able to amplify the same gene in
L. borgpetersenii [21].

Loop-Mediated Isothermal Amplification (LAMP)

LAMP is a technique, designed and described in the year
2000, to amplify thousands of copies of DNA (up to 109
times) in 1 h under isothermal conditions (between 60 and
65 °C), due to the capacity of the Bst polymerase enzyme of
DNA. Four primers are designed to recognize 6 different se-
quences in the DNA to be studied (Fig. 1): an internal forward
primer (FIP), an internal reverse primer (BIP), an external
forward primer (F3), and an external reverse primer (B3). In
the cases of FIP and BIP, each is formed by two sequences
with different sense, a sequence of nucleotides 5′ 3′ (sense, F2
or B2) and another 3′ 5′ (antisense, F1 or B1), in two proximal
regions in the template DNA, such that the F2 region of the
IFP binds to the complementary sequence of template DNA
(F2C) and the enzyme synthesizes the remainder of the com-
plementary strand, including the F1 complementary region
(F1C). Subsequently, F3 binds to the template DNA in the

area outside the FIP, releasing the amplification product and
allowing F1 to bind to F1C, previously synthesized. The same
process occurs with BIP and B3 at the other end so that suc-
cessive cycles give rise to the formation of loops of different
sizes that can be visualized in 2% agarose gel or using other
development techniques [26]. A variant has been developed
that incorporates two more primers, called forward loop (FL)
and backward loop (BL) that accelerate the reaction of the
LAMP [27].

Although amplification has proved to be efficient in
LAMP, it remains necessary to improve on these techniques.
For example, the electrophoresis procedure requires specific
equipment, and elimination of this element has been studied
using systems of direct development, such as turbidimetry
with magnesium sulfate (MgSO4), which forms a visible pre-
cipitate when it reacts with the pyrophosphate that is released
by dNTPs during DNA polymerization [28, 29]. However,
turbidity is not an entirely stable property, and calcium chlo-
ride (CaCl2) could be used in order to lend greater stability
[30]. Colorimetric techniques, such as with hydroxynaphthol
blue (HNB) have also been tested as a pH indicator in moni-
toring the concentration of Mg2+, providing a violet color in
positive samples and light blue in negative samples [31].
Calcein is a molecule that is bound to Mg2+ and inhibits
fluorescence, producing an orange color during the reaction.
In the amplification of the LAMP, theMg2+ is released for the
formation of pyrophosphates recovering the fluorescence, and
the residual Mg2+ ions bind to the calcein, increasing fluores-
cence [24]. Other fluorophores, such as SYBR green I [32],
Quant-iT PicoGreen [33], and GeneFinder TM [34] have also
been tested.

The two essential advantages of LAMP, compared to con-
ventional and real-time PCR, are that sensitivity is not affected
by the presence of non-specific DNA and there is less inhibi-
tion by factors in the sample [35]. Furthermore, the use of 4
primers to recognize 6 sequences in the template DNA pro-
vides high specificity [27]. These advantages are important
because the technique can be used in developing countries,
which are largely affected by leptospirosis and which typically
do not have thermocyclers or other equipment necessary for a
conventional PCR, let alone for qPCR. In addition, it is a
technique that requires little training and, in the case of the
Central America, could be utilized by various laboratories for
decentralized diagnosis and surveillance of both human and
animal disease in endemic regions.

Molecular characterization

Insertion Sequences (SI)

Bacterial typing is of immense value for epidemiological stud-
ies. Insertion sequences can be used to accomplish this, and in
Leptospira, three different types of IS are described: 1500,

72 Curr Trop Med Rep (2017) 4:70–76



1502, and 1533 [36]. The number of copies of SI varies be-
tween the different serovars and also between isolates of a
given serogroup. In a study by Zuerner and Bolin, a typing
method was developed for L. interrogans (sensu stricto) using
SI1500, which was applied to identify and characterize strains

isolated from a specific region of Nicaragua. Hybridization
analysis showed that SI1500 was present in polymorphic frag-
ments and that differences in these patterns could be used for
serovars identification [37]. Interestingly, another element, the
SI1502, was undetectable in some strains, suggesting its

Table 1 PCR techniques
designed and standardized for the
diagnosis of leptospirosis

Type Analytic sensitivity
(copies/reaction)

Diagnostic
sensitivity

Specificity Gene Origin of
sample

Reference

SYBR green 3a, 10b 100% LipL32 Humans,
Animals

[17]

SYBR green 2c,f 100% lfb1 Humans [18]
SYBR green

(anidado)
2c,f 100% rrs Humans [18]

SYBR green 1-2c, 10-30a, 30-50g 100% 93% secY Humans,
animals

[19]

Convencional
(anidado)

10a 100% 100% rrs Humans [20]

SYBR green 4a,c 100% LipL32 Humans,
animals

[21]

TaqMan 8a,c 100% LipL32 Humans,
animals

[21]

TaqMan 18.40% 51% rrs Humans [16]
TaqMan 5a,c 100% 100% rrs Humans
TaqMan 2e LipL32 Environment [22]
FRET-PCR 1a,b 100% 100% ligB Animals [23]
LAMP a 96.80% 97.00 rrs Animals [24]
LAMP 12f LipL32 Humans [25]

FRET transfer of energy between fluorochromes
a blood
b urine
c serum
d plasma
ewater
f culture
g renal tissue
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recent introduction into the genus Leptospira [38]. This meth-
od of typing is simple and easy to implement in laboratories,
and it is useful for the correct identification of strains, making
it ideal for epidemiological studies. However, interpretation of
the results can be difficult and requires some expertise, since a
correct reading of molecular weight must be done in order to
ascertain the number of repeats that are the product of ampli-
fication [39].

Multi-Locus Sequencing Typing (MLST)

MLST is promising for the characterization of Leptospira and
is easy to standardize because of widely available internet
databases (http://leptospira.mlst.net/) and ensure a uniform
nomenclature. This technique offers an unambiguous
procedure for characterizing isolates of bacterial species
using the sequence of 7 internal fragments of conserved
regions of approximately 450–650 base pairs (bp).
Differences in the sequences within each locus are
designated as alleles, and each isolated allele at each locus
define the allelic profile or sequence type (ST). Each species
is characterized by corresponding numbers of the alleles of the
7 loci with conserved regions [40, 41]. It has been observed
that the sequence of a single gene or locus is not sufficient to
identify among the more than 200 pathogenic serovars, but
MLST provides a way to accomplish this.

The sequences of the loci have different numbers of alleles,
differing by a single nucleotide or several different nucleotides
(since a simple genetic change can result in a new allele, either
by a point mutation or by replacement). Characterizing the
differences in the number of nucleotides between the alleles,
one can infer which alleles differ most from the original allele
in spite of mutations over time. Most bacterial species exhibit
sufficient variations in their genes, with conserved regions, to
provide many alleles per locus, thus allowing billions of allelic
profiles using 7 loci. For example, an average of 30 alleles per
locus enables a resolution of 20 billion genotypes [42].
Currently, three schemes of MLST, using different loci, are
recognized [41–43]. The scheme presented in 2006 includes
strains from Central America (2 from Nicaragua, 3 from
Panama, and 10 from Costa Rica), and the possibility of a
new serovar was identified in Costa Rica [41], later confirmed
as novel and named “Arenal” [44].

This sequencing technique has gained attention for its use-
fulness, and several formats have been described, which uti-
lize different loci. One of the most widely used is that de-
scribed by Boonsilp et al., in 2013 [42], which is a modifica-
tion of the one designed in 2007 by Thaipadungpanit et al.
[45]. There is even a website with sequences of for the 7
recommended loci for 7 pathogenic Leptospira species, which
facilitates the comparison of isolates with 327 strains obtained
in different parts of the world, including Nicaragua. In a study
carried out by the team in Nicaragua, applying the scheme

recommended by Boonsilp et al., difficulties were encoun-
tered with sequencing products, most likely due to poor
DNA quality. Importantly, this has been reported by other
authors who found that at least 4.9×104 Leptospira/ml were
required to obtain good products using MLST [46]. As an
alternative, simpler schemes, such as the one proposed by
Merien [18] and the one by Perez [47], have proved yield
good results.

The current MLST database contains information on more
than 300 isolates belonging to 7 species of pathogenic
Leptospira, including L. interrogans, L. borgpetersenii,
L. kirschneri, L. weilii, L. santarosai, L. nogouchii, and
L. alexanderi. The rapid increase in utilization and reduction
of costs of nucleotide sequence determination, together with
the development and availability of the databases, leads to a
projection of high application of this technique. However, in
some countries, particularly in Central America, it is still dif-
ficult to register with sequencing services, and sample ship-
ments to other countries are prohibitively expensive.

Conclusion

Leptospirosis in Central America is a serious problem, with
outbreaks occurring in practically all countries in the region.
High incidence rates are reported throughout the region, al-
though accurate rates are likely to be even higher, since lack of
availability and resources for laboratory diagnosis is a major
cause of underreporting. The gold standard test for leptospi-
rosis diagnosis isMAT, which may detect antibodies in serum,
cannot detect pathogen directly or be used on other sample
types, and in reality is carried out only in a few laboratories.
The implementation of molecular tests that allow a more ac-
curate identification of specific types and also permit detection
in a diversity of sample types—such as urine from animal
carriers and environmental specimens like river samples—is
essential for adequate surveillance and identification of impor-
tant maintenance reservoirs. Ultimately, this will guide disease
prevention.

Due to antigenic and genetic complexity of Leptospira, it is
important to complement diagnosis of disease with character-
ization of the infecting strain by molecular techniques in order
to understand its epidemiology. By applying these new, mo-
lecular techniques as a means of classification, Leptospira
isolated from clinical samples have been phenotypically char-
acterized in Nicaragua, and a completely novel serovar was
even identified and described in Costa Rica. In spite of this,
the technology remains scarce and only a few studies have
been done for the molecular characterization of Leptospira
circulating in Central America. Good alternatives, such as
MLST, a standardized technique that produces internationally
comparable results and already has proved to be the most
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useful method for epidemiologic studies in recent years, re-
main a possibility for the future.
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