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Abstract  Leptospirosis is a worldwide distributed
zoonosis, caused by pathogenic strains of spirochetes
belonging to the genus Leptospira spp. So far, the only gold
standard diagnostic method for this disease has been the
Micro-Agglutination Test (MAT). The purpose of this study
was to test whether a correlation exists between serological
diagnosis by MAT and the presence of Leptospira spp. DNA
traces in serum. Anti-Leptospira spp. antibody titers were
determined in dog serum samples obtained at a canine shelter
from Buenos Aires Province, Argentina (n= 80) by MAT
using ten Leptospira spp. serovars. DNA extracted from
these samples using Chelex-100 resin was used as template
for Leptospira spp. specific PCR and loop-mediated
isothermal amplification (LAMP) tests. In the latter case,
product detection by incubation with malachite green dye
was set up, obtaining optimal results at a dye concentration
of 0.02% (w(v)) and a pH of 6.1. PCR and LAMP showed
the same sensitivity, detecting leptospiral DNA in 12 out of
the 48 MAT- positive sera. No detection was attained by
either method in MAT-negative samples. These results show
that it is possible to use LAMP for the detection of
leptospirosis in non-human mammals. It also shows that, in
the case of serum samples, MAT has higher diagnostic
sensitivity than the currently available PCR and LAMP tests.
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1. Introduction

Pathogenic strains of Leptospira spp. belong to the order
Spirochaetales, family Leptospiraceae and are the causative
bacterial agent of leptospirosis. This disease is the most
widespread zoonosis in the world, being endemic in most

tropical and subtropical regions. It is often misdiagnosed in
humans suffering from other febrile diseases, like meningitis
and dengue. Yearly, an estimate of 500.000 cases is
diagnosed worldwide, and the mortality rate is over 10% [1].
During the 11 first epidemiological weeks of 2016, 1442
human cases were officially reported in Argentina [2].

Domestic and wild animals can also be infected with
pathogenic Leptospira spp. [3]. In the case of dogs, clinical
signs and severity of the disease vary depending on the
geographic population, infecting serovar and host immune
response [4] .Clinical signs indicative of a leptospiral
infection in dogs include renal or hepatic failure, uveitis,
pulmonary hemorrhage, acute febrile illness or abortion
[4,5,6]. In addition, leptospira infections of dogs are of
public health concern. Indeed, a Leptospira spp. infection of
a veterinarian during examination of a pet rat for fleas was
recently reported [9], and similar situations could take place
during routine examination of dogs. This risk highlights the
importance of following infection control guidelines and
improving our understanding of the epidemiology of
leptospirosis in dogs.

In Buenos Aires Province, serological studies using the
Micro-Agglutination Test (MAT) found seroreactivity
against the following serovars in dogs: Bataviae, Canicola,
Castellonis, Icterohaemorrhagiae, Grippotyphosa,
Pyrogenes, Pomona, Tarassovi [5,6] and also Cynopteri[7].

Pathogenic Leptospira spp. strains isolated so far from
dogs in Argentina have been serotyped by Cross
Agglutination Absorption test (CAAT) belong to the L.
interrogans species and the Canicola, Icterohaemorrhagiae
and Pyrogenes serogroups [8]. Accordingly, Grune et al. [10]
found L. interrogans as the only species infecting dogs, and
distinguished four different serovars, Canicola Hond Utrecht
IV, Portlandvere MY 1039, Icterohaemorrhagiac RGA, and
Pomona Baires, by Multiple Locus Variable number tandem
repeats Analysis (MLVA).
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In addition to serological methods, rapid, specific and
sensitive nucleic acid amplification assays, such as PCR, are
available for most bacterial pathogen diagnosis. However, an
expensive thermal cycler is an indispensable requirement for
PCR assays which limits its wide application.
Loop-mediated  isothermal  amplification = (LAMP)
constitutes an attractive alternative to PCR since it amplifies
a specific fragment of DNA in less than an hour, under
isothermal conditions, which can be achieved in a water bath
or heat block [11]. Detection can be achieved by analyzing
products by gel electrophoresis or directly by the naked eye
after addition of DNA specific dyes.

LAMP technology has been used and tested for the
detection pathogenic viruses, bacteria, fungi, rickettsia,
protozoan and tapeworms [17]. Most of these pathogens
affect humans. For canines, LAMP was applied to the
detection of Anaplasma phagocytophilum, Babesia canis
canis, Echinococcus granulosus, canine parvovirus and
canine distemper virus [17]. This technology has also been
tested for the detection of Leptospira spp. in human urine
and blood samples [18, 19, 20, 21], but no studies have so far
used LAMP to detect pathogenic Leptospira spp. in animal
samples.

In this study, we tested whether it was possible to detect
traces of pathogenic leptospiral DNA in canine serum
samples by PCR and LAMP, and analyzed the diagnostic
potential of these methods as compared to MAT.

2. Materials and Methods

2.1. Samples Used in this Study

Blood (5 ml) without anticoagulant was collected from the
jugular vein of 80 canines from a shelter located in the
province of Buenos Aires and serum was separated by
centrifugation. DNA was extracted from 20 pl of each
undiluted canine serum sample using Chelex-100 resin (Bio
Rad) according to Grune et al. [23]. Serum and DNA
samples were stored at -20°C until use.

2.2. Microscopic Agglutination Test (MAT)

For serological diagnosis of canine samples (n=80), a
Micro-Agglutination Test was performed at 28-30 °C using a
battery of live strains of Leptospira interrogans serovars
(Canicola, Hardjo, Hebdomadis, Icterohaemorrhagiae,
Pomona, Pyrogenes, Wolffi, Tarassovi), L. borgeptersenii

serovar Castellonis belonging to the serogroup Ballum and L.

kirschneri serovar Grippothyphosa. Equal volumes of
antigen and serum dilutions were mixed in glass tubes, and
allowed to react during 1.5 to 4 h at room temperature, as
described in Faine et al. [22]. Then, the presence or absence
of a precipitate was evaluated under dark-field microscopy
to determine end point titers.

23.PCR

A  duplex PCR wusing primers GI-G2 (GI:
CTGAATCGCTGTATAAAAGT;
G2:GCAAAACAAATGGTCGGAAG) and B641-B6411
(B64l: CTGAATTCTCATCTCAACTC and B64II:
GCAGAAATCAGATGGACGAT), modified from

Gravekamp et al. [24] was used in this study. Reactions were
carried out in a final volume of 50 pl, which contained 2 pl
purified DNA template. PCR mixture contained 10X buffer
(500mM-KCL, 20mM MgCl12, 100mM-Tris/HCL, pH 9.0),
0.5 pl of 50 umol for each primer, 0.5 ml dNTP solution
(10mM) (Invitrogen, Carlsbad, CA, USA) and Taq
polymerase (0.5 U) (Embiotech, Buenos Aires, Argentina).
The cycling program consisted of 5 min at 94 °C, followed
by 34 cycles of 94°C (1.5 minutes), 55°C ( 1 minute) and
72°C ( 2 minutes), with a final extension period of 7 min at
72°C. PCR was carried out in a My Cycler TM thermocycler
(Bio Rad). Amplification products were analyzed by
electrophoresis in ethidium bromide stained 2% agarose gels,
followed by exposure to UV light (Uvi Tec transiluminator
BTS-20.M). Amplicon sizes were estimated using a 100 bp
ladder (Embiotech, Buenos Aires, Argentina).

2.4. LAMP

LAMP reaction was carried out with six primers targeting
the rRNA 16S (Lepto-rrs) gene (GenBank Accession
Number NC _004342), as described previously by Koizumi
et al. (2012). The LAMP reaction mix (25 pl) consisted of
1X Isothermal Amplification buffer (20 mM Tris—HCI, 10
mM (NHy), SO4 50 mM KCl, 2 mM MgSO,4, 0.1 %
Tween-20, pH 8.8) (New England BioLabs, Ipswich, MA,
USA), 1.4 mM each dNTP (Invitrogen, Carlsbad, CA, USA),
1.5 uM FIP/BIP, 0.5 uM F3/B3, 1.5 uM LF/LB, 12 mM
MgSO,, 1 M betaine (Sigma-Aldrich, MO, USA), 8 U of Bs¢
2.0 WarmStar DNA polymerase (New England BioLabs)
and 2 pl of DNA template. The reaction was incubated at
63°C for 60 min (this optimal reaction temperature was
experimentally determined) and subsequently at 95°C for 5
min to terminate the reaction in a heat block. Positive,
negative and blank controls were included in each LAMP
assay. In order to confirm the amplification of leptospiral
DNA, the product obtained was detected by visual inspection
as well as by electrophoresis in 2% agarose gels followed by
staining with ethidium bromide and visualization under UV
light. The sensitivity of this LAMP assay was tested using
dilutions of positive serum samples (Figure 1). Genomic
DNA from Leptospira biflexa (saprophyte) and other
Bacteria, including Brucella abortus 2308, Clostridium
perfringens 130, Klebsiella pneumonae ATCC 700603, E.
coli 12/538 and Mycobacterium bovis ANS5 were also used
and results were negative in all cases.
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Figure 1.  Gel electrophoresis (2%) of LAMP reactions using dilutions of a
positive canine serum sample. Line 1: 1/10, line 2: 1/50, line 3:positive
control ,Line 4: negative control.

2.5. End point detection of LAMP products:

Malachite green solution was prepared as a 1% (w/v)
stock solution in ddH,0, and further diluted with ddH,O to
obtain a 0.02% working solution, which was stored at 4°C
for 30 days. In order to optimize color change, , different pH
values of the working solution (4.2,4.9,6.1,7.1, 8.1 and 9.2)
were tested. Five pl of these solutions were added to the
tubes before amplification. LAMP results were observed
directly and under UV light (Figure 2). In the upper part of
the Figure 2, LAMP reactions in tubes can be observed under
visible light (A), in the middle part of the figure (B) the same
tubes were exposed under UV light for (~ 10 seconds) and in
the lower part of the figure (C) can be the tubes observed
under UV light.

Figure 2. Visual detection of LAMP products after addition of malachite
green. (A) visible light. (B) visible light after a short UV light exposure. (C)
UV light. Positive reactions have turbidity and are bright and clearer than
negative reactions, which stay green.

3. Results

From the 80 canine serum samples analyzed, 48 were
positive by MAT. Of these, 12 were positive by PCR and
LAMP (Table 1). Details on the positive 12 samples are
indicated in Table 2. MAT-positive serum samples that
yielded negative results by PCR and LAMP (n=36) had low
titers (< 1/200) to serovar Castellonis and serovar Canicola.
All MAT-negative samples (n=32) were neither positive to
PCR nor to LAMP (Table 3).

Table 1. Leptospira spp. detection in canine serum samples from Buenos
Aires, Argentina, by PCR, LAMP and MAT (n=80)
Canine serum samples PCR/LAMP MAT
12 + +
36 - +
32 - -
Total= 80

Table 2. Antibody titers by MAT of serum samples in which leptospiral
DNA could be detected by PCR and LAMP (n=12)

Titer
1:3200/1:12800
1:1600/1:3200
1:600/1:12800/1:12800
1:200/1:100/1:100
1:200/1:100/1:200
1:400/1:100/1:1600

Serovar

Pomona/Canicola

Ictero/Pomona/Canicola

Castellonis/Canicola/
Grippothyphosa

[ e p——]

Castellonis/ Canicola/ 1:100/1:100/1:100/1:100/1:100 | 1

Grippothyphosa/Hardjo/ 1:200/1:200/1:200/1:100/1:100 | 1
Hebdomadis

Castellonis/ Canicola/
Grippothyphosa/Hardjo 1:200/1:100/1:100/1:100 1
Castellonis/Grippothyphosa 1:100/1:100 1
Castellonis/Canicola 1:100/1:100 1
Castellonis/ Canicola/ 1
Total 12

Table 3. Antibody titers by MAT of serum samples that resulted negative
to leptospiral DNA detection by MAT, PCR and LAMP (n= 32)

Serovar Titer n
Icterohaemorrhagiae 1:200 3
Castellonis 1:200 6
Canicola/ Icterohaemorrhagiae 1:200/1:100 8
Castellonis/ Canicola/ 1:100/1:100/1:100 2
Grippothyphosa 1:200/1:100/1:100 4
f;ii‘gfi;ijfﬁﬁ;:iae/ 1:100/1:200/1:100 6
Castellonis/ Canicola/ Pomona 1:100/1:200/1:100 3
Total 32

To check the sensitivity of LAMP reaction, DNA from a
positive serum sample by MAT, PCR and LAMP was
diluted 1/10 and 1/50, and used as template for the reaction.
LAMP reaction was observed in all cases in ethidium
bromide stained gels after electrophoresis. DNA from
saprophyte Leptospira spp. or other Bacteria did not amplify
using LAMP assay (results not shown). To observe LAMP
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positive results without the need of gel electrophoresis,
malachite green in a final concentration of 0.02%, adjusted
to various pH values was added to the reaction mixture
before amplification. Once the reaction was finished, no
color changes were observed under visible light, with only a
slight color difference between a positive and negative tube
at pH 9.2. Surprisingly, after exposure to UV light (~ 10 s),
followed by observation under visible light, tubes with
malachite green solution adjusted to pH 6.1, 7.1 and 9.2
showed a color change from green to light blue. Malachite
Green solutions at pH 8 or 10 were not used due to the fact
that in these conditions, the solution is almost transparent,
and thus, color changes cannot be detected. The best
discrimination between positive and negative reactions was
achieved at pH 6.1 (Figure 2B). Almost no color differences
between positive and negative reactions were observed in
tubes containing acidic malachite green solution (pH 4.2 and
4.9). Observation under UV light showed that positive
reactions were associated with turbidity while negative
reactions were clear (Figure 2C). In order to confirm LAMP
results, characteristic ladder patterns as that shown in Figure
1 were only observed in positive reactions (results not
shown). Cresol red/orange addition to the tube after
amplification did not discriminate between positive and
negative reactions (data not shown).

4. Discussion

The Microscopic Agglutination Test (MAT) is the gold
standard of serological diagnosis of leptospirosis in animals
and human [3, 22]. However, it requires considerable time
and dedication of a specialized technician to detect
agglutination of antibodies. It does not detect early
leptospirosis, when the clinical symptoms are pronounced.
This is a critical constraint since an early diagnosis is crucial
to initiate treatment. In the past decade, a number of efficient
PCR assays have been developed for the detection of
Leptospira spp. from clinical samples. However, not every
laboratory in endemic countries has the necessary equipment
to molecularly diagnose leptospirosis by PCR. LAMP, on
the other hand, constitutes a low cost technique, which at the
same time is sensitive and effective in the detection of
pathogenic strains of Leptospira spp.

One of the advantages of LAMP method is the simple and
effective detection of nucleic acids. Addition of malachite
green to the tubes followed by UV exposure allowed
discriminating between positive and negative results. The
detection method used in this work can be coupled to a
closed tube system as low malachite green concentration is
not associated with the inhibition of the LAMP assay[12 A
closed tube system lowers the risk of amplicon
contamination of working areas and other materials (i.e.
pipettes, gloves, plastic ware) as compared to protocols
where tubes need to be opened to add dyes or loading buffer
[25,26]The conditions of malachite green addition were
adjusted and it was observed that optimal conditions were a

final concentration of 0.02%, and a pH value of 6.1. After
UV light exposure the positive reaction tube containing
malachite green turned light blue under these conditions
and the negative turned green. In a recent study [27],
malachite green was also used for end point detection of
LAMP reactions for Plasmodium spp. parasites.

The optimal concentration in this study was 0.004%, but
color changes were different than those observed in other
reports [12, 27, 28]. This difference in color changing could
be attributed to the fact that each LAMP reaction has
specific reaction conditions (i.e., presence/absence of
betaine or SO4Mg,, pH conditions). Importantly,
discrimination of LAMP results was feasible by the naked
eye.

In this study, a r»s LAMP assay for the detection of
pathogenic leptospiral DNA traces in canine serum samples
was tested with positive results. LAMP guarantees high
performance at a low cost and it has the potential to be used
in the veterinary field, since it does not require special
equipment and could be used in the field in a version of a
portable kit. However, more assays have to be done to
evaluate LAMP as an alternative for leptospirosis diagnosis.
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