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ABSTRACT
Leptospirosis is a worldwide zoonosis caused by a spirochete that belongs to the genus Leptospira. In the last years,
new methods, such as the PCR-based multiple-locus variable-number tandem repeat analysis (MLVA), have been
developed for the genotyping of leptospires. In the present work, the MLVA patterns for all reference strains used in
Argentina for bovine, ovine, porcine, equine, caprine and canine leptospirosis diagnosis, as well as in human and
wild animal diagnosis, were obtained. MLVA results are presented in such a way that they can be readily used for the
identification of these strains by the simple and direct comparison of agarose gels. Making the use and interpretation
of the MLVA for leptospires typing easier will help increase the use of this method as a routine procedure for human
and animal diagnosis, for epidemiological studies, vaccine control and other applications.
Key words: Leptospira interrogans, Leptospira kirschneri, Leptospira borgpetersenii, reference strains, MLVA, VNTR,
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RESUMEN
Multiple-locus variable-number tandem repeat analysis de cepas de referencia usadas para el diagnóstico de
leptospirosis en Argentina. La leptospirosis es una zoonosis de distribución global causada por una espiroqueta
perteneciente al género Leptospira. En los últimos años se han desarrollado nuevos métodos para la genotipificación
de las leptospiras, entre ellos el denominado multiple-locus variable-number tandem repeat analysis (MLVA). En este
trabajo se obtuvieron los patrones de MLVA de todas las cepas de referencia utilizadas en la Argentina para el diagnóstico de leptospirosis en bovinos, ovinos, porcinos, equinos, caprinos y perros, y que también son utilizadas en el
diagnóstico de leptospirosis en humanos y en animales salvajes. Los resultados del MLVA se muestran de manera
tal que pueden ser fácilmente utilizados para la identificación de estas cepas por simple comparación visual de geles
de agarosa. Al facilitar el uso y la interpretación del MLVA para la tipificación de leptospiras, se ayudará a difundir la
utilización rutinaria de este método en el diagnóstico humano y animal, en estudios epidemiológicos y para el control
de vacunas, entre otras aplicaciones.
Palabras clave: Leptospira interrogans, Leptospira kirschneri, Leptospira borgpetersenii, cepas de referencia, MLVA,
VNTR, genotipificación

INTRODUCTION
Leptospirosis is a worldwide zoonosis caused by a
spirochete that belongs to the genus Leptospira. The
first classifications of pathogenic leptospires were serological, establishing serogroups and serovars through
antigenic relationships between strains. Later, the genus
Leptospira was divided into 20 species considering DNA
relatednesses (2, 5, 7, 9, 13, 14, 17, 18, 21). Nowadays,
serological and molecular classifications coexist, and due
to the lack of correspondence between them, new Lepto-

spira strains should be characterized by both molecular
and serological approaches (1, 6).
In Argentina, ����������������������������������������
the reference method for serological diagnosis of leptospirosis is the microscopic agglutination
test (MAT), which requires the maintenance of a collection
of reference strains and the corresponding antisera (4).
After many years of experience, the Argentine Permanent
Scientific Commission for Leptospirosis has recommended a group of antigenic strains including Leptospira
interrogans, Leptospira borgpetersenii and Leptospira
kirschneri strains to be used for MAT in leptospirosis in
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cows, sheep, pigs, horses, goats and dogs (4). These
strains are also used for MAT in human and wild animal
leptospirosis, along with others that are used specifically
in these cases.
In the last years, new advances in the genotyping of
leptospires have been made. Majed et al. (8) used an
innovative PCR-based typing scheme, the multiple-locus
variable-number tandem repeat analysis (MLVA), for the
molecular typing of L. interrogans. The authors examined
a worldwide reference collection using variable-number
tandem repeat (VNTR) loci, and defined 47 unique genotypes (8). Later, Slack et al. (16, 19) developed a different
MLVA to examine L. interrogans reference strains, and
clinical isolates from Australia. MLVA was successfully
used for the identification of strains, even within the same
serovar (11, 12, 16, 19). Salaün et al. (15) improved the
previously described MLVA (8) to allow the typing not
only of L. interrogans strains but also of strains belonging to two other pathogenic species, L. kirschneri and L.
borgpetersenii.
MLVA involves the analysis of multiple loci of VNTR,
repeated DNA sequences of varying copy numbers that
are generated by slipped strand mispairing during DNA
replication (12, 20). The method consists in amplifying
these variable length regions showing polymorphism to differentiate the repeat copy number through the size of the
resultant amplicon. This technique is simple and easy to
implement in a laboratory without sophisticated equipment.
In this way, MLVA is useful for the proper identification of
Leptospira strains and is ideal for epidemiological studies.
However, the results obtained can be difficult to interpret
using published data, because only raw copy numbers
are usually reported. Therefore, calculations involving the
size of each repeat, the flanking regions and the different possible numbers of repeats must be made in order
to correctly interpret the molecular weights of the DNA
fragments that result from the amplifications.

T�����������������������������������������������
he aim of this work was to present the MLVA genotyping of reference strains used in Argentina for the
diagnosis of leptospirosis, in such a way that the MLVA
patterns can be readily used for the identification of these
strains by the simple and direct comparison of agarose
gel electrophoresis results.

MATERIALS AND METHODS
The L. interrogans, L. borgpetersenii and L. kirschneri reference strains used in this study, including all strains recommended
by the Argentine Permanent Scientific Commission for Leptospirosis, are shown in Table 1. Each strain was grown in EMJH
medium (Difco Laboratories) for at least 5 days at 28 °C. Culture
samples (100 μl) were incubated at 100 °C for 10 min and used
directly as a DNA template in MLVA strain typing procedures.
The primers described by Majed et al. (8) flanking the VNTR4,
VNTR7, VNTR9, VNTR10, VNTR19, VNTR23 and VNTR31
loci were used for L. interrogans whereas the oligonucleotides
described by Salaün et al. (15) were used for L. borgpetersenii
and L. kirschneri, including those flanking the new VNTR-Lb4
and VNTR-Lb5 loci, and the previously found VNTR4, VNTR7
and VNTR10 loci [herein named VNTR-4bis, VNTR-7bis and
VNTR-10bis in order to differentiate PCRs from those performed
with the primers developed by Majed et al. (8)]. Each reaction
mixture contained a PCR buffer (20 mM Tris-HCl, pH 8.4; 50 mM
KCl), 200 μM of each dNTP, 2 mM MgCl2, 1.25 U of Taq DNA
polymerase (Invitrogen), 2 μM each corresponding primer, and 5
μl of DNA template in a final volume of 50 μl. PCRs were carried
out in a MiniCycler PTC-150 (MJ Research) as follows: 94 °C
for 5 min, followed by 35 cycles of denaturalization at 94 °C for
30 s, annealing at 55 °C for 30 s and extension at 72 °C for 90 s,
with a final cycle at 72 °C during 10 min. Each amplified sample
(14 μl) was subjected to electrophoresis in a 2.2 % agarose gel
in TAE buffer (40 mM Tris-Acetate, 1 mM EDTA) with 0.2 μg/ml
ethidium bromide at 100 V for 50 min. Amplified DNA bands were
visualized upon UV light exposure (DynaLight, Labnet). Amplicon
sizes were estimated using CienMarker (Biodynamics).

RESULTS AND DISCUSSION
The reference strains analyzed in the present work belong to L. interrogans, L. borgpetersenii and L. kirschneri,

Table 1. Reference strains used in Argentina for the diagnosis of leptospirosis for domestic animals analysed in this work
Species

Serogroup

Serovar

Strain

Animal species(1)

Strain procedence(2)

Canicola
Copenhageni
Pomona
Pyrogenes
Wolffi
Hardjo

Hond Utrecht IV
M20
Pomona
Salinem
3705
Hardjoprajitno(3)

Hu, Do, Co, Sh, Pi, Ho, Go, Wi
Hu, Do, Co, Sh, Pi, Ho, Go, Wi
Hu, Do, Co, Sh, Pi, Ho, Go, Wi
Hu, Do, Wi
Hu, Co, Sh, Pi, Ho, Go, Wi
Hu, Co, Sh, Pi, Ho, Go, Wi

I
I
I
I, II, III
I, II, III
I, II, III

Ballum
Tarassovi

Castellonis
Tarassovi

Castellon 3
Perepelicin

Hu, Do, Co, Sh, Pi, Ho, Go, Wi
Hu, Co, Sh, Pi, Ho, Go, Wi

I, II, III
I, II, III

Grippotyphosa

Grippotyphosa

Moskva V

Hu, Co, Sh, Pi, Ho, Go, Wi

I, II, III, IV

L. interrogans

Canicola
Icterohaemorrhagiae
Pomona
Pyrogenes
Sejroe
		
L. borgpetersenii
L. kirschneri

According to the animal species from which the serum to be analyzed is obtained, the Argentine Permanent Scientific Commission for Leptospirosis
recommended which Leptospira strains should be used for MAT diagnosis. Abbreviations for each animal species: Hu, humans; Do, dogs; Co, cows;
Sh, sheep; Pi, pigs; Ho, horses; Go, goats; Wi, wild animals. (2)Strain source: I, World Organisation for Animal Health (OIE) Leptospirosis Reference
Laboratory, Centro de Investigaciones en Ciencias Veterinarias y Agronómicas (CICVyA), Instituto Nacional de Tecnología Agropecuaria (INTA), Argentina; II, Institut Pasteur, France; III, Instituto Fiocruz, San Salvador, Brazil; IV, Pan American Health Organization, through the División Laboratorios
Veterinarios (DILAVE), Uruguay. (3)Strain only recommended by INTA-OIE Leptospirosis Reference Laboratory.
(1)

MLVA genotyping of Leptospira reference strains

therefore, we used two different oligonucleotide sets (8,
15) according to the corresponding species, which allowed
the correct genotyping of all reference strains.
The MLVA genotypes of L. interrogans reference
strains Hond Utrecht IV, M20, Pomona, Salinem, 3705
and Hardjoprajitno, recommended by the Argentine
Permanent Scientific Commission for Leptospirosis and
INTA-OIE Leptopirosis Reference Laboratory to perform
MAT in human, domestic and wild animal leptospirosis,
were obtained by using seven of the loci described by
Majed et al. (8). The patterns obtained for these strains are
shown in Figure 1. The MLVA profiles of the six reference
strains are absolutely different, and therefore, they can
be readily recognized. Strains Hond Utrecht IV (serovar
Canicola), M20 (serovar Copenhageni) and Pomona (serovar Pomona) yielded similar results to those reported by
Majed et al. (8). Strain Pomona has an easily identifiable
pattern (Figure 1C) that can be differentiated not only
from that of other reference strains, but also from all L.
interrogans MLVA genotypes described in Argentina and
Brazil, corresponding to strains with genotypes A, B, C
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and D from serovar Pomona (10, 11, 12). The profile obtained for strain M20 (Figure 1B) could be rapidly singled
out from that of the other five reference L. interrogans
strains. However, when using MLVA for typing unknown
isolates, it must be taken into account that the pattern of
strain M20 is identical to that of two strains from serovar
Icterohaemorrhagiae: Ictero No. 1 and RGA, used for
human diagnosis (12).
When the MLVA patterns obtained for strains Salinem
(serovar Pyrogenes), 3705 (serovar Wolffi) and Hardjoprajitno (serovar Hardjo) were compared with previously
published results for these strains (8), discrepancies in
some amplification fragment molecular weights were
observed. Some of the small discrepancies with previous
results could be attributed to inevitable electrophoretic run
variations, but differences of nearly a hundred base pairs
were observed compared to published data (8) for the
VNTR9 Hardjoprajitno amplicon and the large VNTR19
Salinem amplicon, implicating a difference of two repeats
(approximately 45 bp each) for the loci considered. In order
to verify that the strains tested had not been mislabeled,

Figure 1. MLVA patterns for the following L. interrogans strains: A, Hond Utrecht IV
(serovar Canicola); B, M20 (serovar Copenhageni); C, Pomona (serovar Pomona); D,
Salinem (serovar Pyrogenes); E, strain 3705 (serovar Wolffi); F, strain Hardjoprajitno
(serovar Hardjo). The VNTR loci evaluated were: VNTR4 (lanes 2), VNTR7 (lanes 3),
VNTR9 (lanes 4), VNTR10 (lanes 5), VNTR19 (lanes 6), VNTR23 (lanes 7) and VNTR31
(lanes 8). Lanes 1: CienMarker.

Figure 2. MLVA patterns for the following Leptospira strains: A, Castellon 3 from L.
borgpetersenii; B, Perepelicin from L. borgpetersenii; C, Moskva V from L. kirschneri. The
VNTR loci evaluated were: VNTR-4bis (lanes 2), VNTR-7bis (lanes 3), VNTR-10bis (lanes
4), VNTR-Lb4 (lanes 5), and VNTR-Lb5 (lanes 6). Lanes 1 and 7: CienMarker.
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samples of the same strains were obtained from two additional culture collections, those from the Institut Pasteur,
France, and from Fiocruz, Brazil. Results obtained with
the new samples were identical to those observed for the
first samples, consequently, the patterns for Salinem, 3705
and Hardjoprajitno strains can be reliably considered to
be the ones shown in this work.
The scheme proposed for L. interrogans (8) cannot
be applied to strains belonging to L. borgpetersenii and
L. kirschneri species because some of the loci give faint
bands, multiple bands or do not amplify at all (15). For
this reason, MLVA patterns for the Argentine reference
strains Moskva V from L. kirschneri, and Castellon 3 and
Perepelicin from L. borgpetersenii were obtained using the
loci proposed by Salaün et al. (15) (Figure 2). The typing of
Moskva V strain, serovar Grippotyphosa, was problematic.
Several attempts to amplify the VNTR loci of this strain
from the INTA and Institut Pasteur culture collections were
unsuccessful. The Moskva V strain from Fiocruz could be
genotyped, but the MLVA pattern obtained (Figure 2C) differed from the previously published one (15). In an effort
to clarify this situation, this strain was also obtained from
the Pan American Health Organization. This last strain
gave unexpected results, including high molecular weight
bands, duplicate bands or no amplicons for different loci.
Strain Castellon 3, serovar Castellonis, yielded MLVA
patterns comparable to those previously reported (15),
but a difference was observed for the band expected for
VNTR-4bis according to the source of the strain used,
ranging from readily visible (strain from Fiocruz, shown
in Figure 2A), tenuous (strain from INTA) or missing
(strain from Institut Pasteur). Strain Perepelicin, serovar
Tarassovi, from the INTA culture collection gave a similar
pattern (Figure 2B) to the previously reported one (15),
but differed in the size of the VNTR-10bis amplification
band, which was a little larger than expected. However,
when this strain obtained from different sources (Fiocruz
and Institut Pasteur) was tested, an identical pattern was
obtained, showing the same discrepancy with respect to
the published pattern. In agreement with Salaün et al.’s
findings (15), no amplification band was obtained for
locus VNTR-4bis, except for a very weak band that was
observed for the Fiocruz strain, as shown in Figure 2B.
The absence of an amplicon for the VNTR-7bis locus
indicates that Castellon 3 and Perepelicin strains belong
to the species L. borgpetersenii (Figure 2A and 2B).
The reference strains used for obtaining antibodies for
MAT or for vaccine production, as well as those used in
vaccine control challenging assays must be periodically
characterized in order to avoid important problems due
to mismanagement or contamination. Mislabeling during
subculturing or strain switching are ever-present risks as
it could be demonstrated during a recent monitoring of
two Brazilian Leptospira strain collections (3). Reference
strains are also needed for epidemiological studies, and
each country should maintain and control its own collection
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with the best tools available, due to the current difficulties
to acquire pathogenic microorganisms.
MLVA is a simple, rapid and economical method, but
the interpretation of the results obtained, including the
comparison with reference strains, is difficult because it
has to be made based on VNTR copy number variations.
The aim of this work was to facilitate the use and interpretation of this technique for leptospire typing, presenting
the MLVA patterns for reference strains used in Argentina
in such a way that they can be differentiated by simple
visual comparison of agarose electrophoresis results. This
will allow MLVA to be incorporated as a routine procedure
in strain collection monitoring, epidemiological studies,
typing of leptospires isolated from humans and animals,
vaccine control and other uses. The widespread application of MLVA will increase the reliability of leptospire typing
complementing the traditional serological techniques.
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