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Abstract

At present, little is known regarding the prevalence of buffalo leptospirosis worldwide, especially with respect to which
Leptospira strains may infect this animal species. Furthermore, most investigations into this disease in buffaloes have only been
performed with serological studies. In Brazil, particularly in the Amazon, buffalo production is growing and is just as important
as cattle production, although few studies have been performed on buffalo compared to cattle. Thus, the aim of this study was to
isolate and characterise Leptospira strains from river buffaloes raised in the Brazilian Amazon region. We collected 109 kidney
samples from slaughtered buffaloes raised in the Amazon Delta region of Brazil. The samples were analysed by bacteriological
culture for the isolation of leptospires, and the obtained isolates were serologically and molecularly characterised by microscopic
agglutination test (MAT), DNA sequencing and multiple locus variable-number tandem repeat analysis (MLVA). Five isolates
were obtained, and in serogrouping analyses, these isolates were only reactive for the Pomona serogroup, with an observed titre
of 25,600. The DNA sequencing results revealed that all the isolates belonged to the species Leptospira interrogans, and the
MLVA results showed that the VNTR loci 4, 7 and 10 profile of all the isolates was 4-1-10. In this study, we observed that
Pomona serogroup strains circulate in buffaloes in the Amazon, showing that in Brazil, buffaloes can be affected by Leptospira
strains other than the Sejroe group, which are adapted to cattle.
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Introduction

Bacteria of the genus Leptospira are fastidious microorgan-
isms that require a range of nutrients in culture media for their
isolation and maintenance, which is one of the major difficul-
ties in the isolation of leptospires (Faine et al. 1999). However,
due to advancements in molecular biology, DNA sequencing
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currently allows for the species-level identification of lepto-
spires from clinical specimens without the need for isolation
(Loureiro et al. 2016; Guedes et al. 2019). Despite this, the
isolation of Leptospira cannot be completely replaced since
isolates are extremely important for phylogenetic (Vincent
et al. 2019), virulence (Thibeaux et al. 2018) and epidemio-
logical studies (Pinto et al. 2017) and are especially important
for vaccine development (Zarantonelli et al. 2018).

Leptospirosis has an important impact on public health
because it is a zoonosis. This is noticeable when, in an eco-
system, humans, livestock and wild animals have antibodies
against the same serogroups of Leptospira spp., resulting from
human exposure to urine or tissues of infected animals (Faine
etal. 1999; Assenga et al. 2015). In addition, the interpretation
of serology results considering animals and humans provides
valuable information for control measures (Assenga et al.
2015).

Buffalo leptospirosis remains poorly studied in relation to
cattle worldwide, but it is known that leptospirosis causes
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reproductive disorders, such as abortion, in these animals
(Marianelli et al. 2007; Balakrishnan et al. 2014). Recently,
in the Amazon Delta region, leptospires species were identi-
fied in the kidneys and uterus of buffaloes for the first time,
demonstrating the presence of L. interrogans and
L. borgpetersenii (Guedes et al. 2020a). Serological studies
conducted in the Amazon have shown a predominance of the
Sejroe serogroup in buffaloes of this region (Viana et al. 2009;
Rocha et al. 2019; Guedes et al. 2020b), but in the Northeast
region of Brazil, the Pomona serogroup has been reported as
being highly prevalent in buffaloes (Pimenta et al. 2019).
Regardless of Brazil being one of the largest buffalo producers
in the world, few studies have described the isolation of lep-
tospires from buffaloes in this country, with a single isolate
belonging to the Sejroe serogroup having been obtained from
buffaloes in southeastern Brazil (Vasconcellos et al. 2001).

In the Amazon, the belief that buffaloes are resistant to
diseases has resulted in the neglect of leptospirosis, and a lack
of Leptospira isolation has resulted in the epidemiological
status of this disease remaining unknown in this region.
Thus, the goal of this study was to isolate and characterise
leptospires from buffaloes raised in remote areas of the
Amazon, mainly in the region known as the Amazon Delta,
a region for buffalo production in Brazil that remains poorly
studied.

Materials and methods
Area of study

The investigation area of this study, the Amazon Delta, is in
extreme north of Brazil between the States of Para and Amapa
and is the largest and most important buffalo-producing region
in Brazil (Fig. 1). This region has a humid equatorial climate
that is typical of the Amazon region and is characterised by
high temperatures, humidity and rainfall. Buffaloes are pri-
marily produced for their meat, a practice that has become
one of the most important activities in this region, and buffa-
loes are adapted to the environmental conditions of this
region.

Sample collection

In this study, we collected 109 kidney pieces from buffaloes
slaughtered in a Macapa microregion (Brazil) slaughterhouse
that receives animals raised in the Amazon Delta region. The
animals were predominantly from the river buffalo group
breeds (Murrah, Mediterrancan and Jafarabadi) and included
males and females that were at least 12 months old, had meat
production capacity, were of unknown reproductive status and
lacked vaccination against leptospirosis.
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Sampling was performed by convenience, and each sample
was taken from a single kidney of each buffalo (total of 109
animals). The kidney capsule and surface were removed with
the aid of sterile scalpels, and then a piece of approximately
10 g (both medullary and cortical parts) was collected with the
aid of sterile forceps and scissors. The samples were individ-
ually stored in sterile plastic bags for homogenisation and
subsequent bacteriological culturing.

Bacteriological culturing for Leptospira isolation

We used a culture medium adapted from Faine (1982). The
medium was based on EMJH (Ellinghausen-McCullough-
Johnson-Harris) enriched with 6% rabbit serum, 2% bovine
serum albumin (BSA), Tween 80 and 2% foetal buffalo se-
rum. Foetal buffalo serum was obtained after collecting blood
from non-aborted foetuses at the slaughterhouse; subsequent-
ly, the blood was centrifuged, sterilised by filtration using a
0.22-pm polyethersulfone (PES) membrane and inactivated at
56 °C for 1 h. This medium was named LZB-USP-Buffalo
(Laboratorio de Zoonoses Bacterianas-Universidade de Sao
Paulo) and was used in two forms, liquid and semi-solid,
and the latter form contained agar (0.15%) as a solidifying
agent.

Kidney samples were macerated and diluted 1:10 in
phosphate-buffered saline [PBS; 0.137 M NaCl, 0.0027 M
KCl, 0.01 M Na,HPO,4 and 0.0018 M KH,PO, (pH 7.4)],
after which 1 mL of the diluted samples was seeded into 9
mL of liquid LZB-USP-Buffalo medium containing a selec-
tive Leptospira supplement (nalidixic acid, 50 mg/L; cyclo-
heximide, 100 mg/L; chloramphenicol, 5 mg/L and neomycin,
5 mg/L). The cultures were incubated at 30 °C in a bacterio-
logical incubator for 12 to 24 h for decontamination, after
which they were used to seed 1 mL in 9 mL of semi-solid
LZB-USP-Buffalo medium without the selective supple-
ments. Only the semi-solid LZB-USP-Buffalo media were
then incubated at 30 °C in a bacteriological incubator for 6
weeks and observed weekly under dark field microscopy for
leptospires detection.

Serological characterisation of isolates

The isolates were serogrouped according to Faine et al. (1999)
via microscopic agglutination test (MAT) using a panel of 21
hyperimmune rabbit antisera against Leptospira spp. (Royal
Tropical Institute, Amsterdam, Netherlands) representing the
most prevalent serogroups in Brazil: Semaranga (serovar:
Patoc); Ballum (serovar: Castellonis); Tarassovi (serovar:
Tarassovi); Australis (serovars: Australis and Bratislava);
Sejroe (serovars: Hardjo-bovis, Sejroe, Hardjo-prajitno and
Wolffi); Autumnalis (serovar: Autumnalis); Bataviae (serovar:
Bataviae); Panama (serovar: Panama); Icterohaemorrhagiae
(serovars: Icterohaemorrhagiae and Copenhageni); Canicola
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Fig. 1 Geographical location of
the Amazon Delta region in Brazil

A

N

D Brazilian Amazon

..-\muon Delta Region

(serovar: Canicola); Cynopteri (serovar: Cynopteri);
Hebdomadis (serovar: Hebdomadis); Pomona (serovar:
Pomona); Pyrogenes (serovar: Pyrogenes); Djasiman (serovar:
Sentot); and Grippotyphosa (serovar: Grippotyphosa).

Molecular characterisation of isolates

DNA extraction and purification from the isolates was per-
formed using a PureLink® Genomic DNA Mini Kit
(Invitrogen) following the manufacturer’s protocol. For ge-
nus confirmation, the PCR amplification of Leptospira spp.
was performed with the primers Lepl and Lep2, which
amplify a 330-bp region of the 16S rRNA gene (rrs) using
GoTaq™ Green Master Mix (Promega, Brazil). The reac-
tion occurred under the following conditions: an initial de-
naturation of 5 min at 94 °C, 40 cycles of denaturation at 94
°C for 30 s, annealing at 60 °C for 30 s, extension at 72 °C
for 30 s and a final primer extension of 72 °C for 5 min
(M¢rien et al. 1992).

Isolate typing was performed using a primer pair that am-
plified a 549-bp region of the secY gene and a primer pair that
amplified a 600-bp region of the rpoB gene. The reaction for
the secY gene occurred under the following conditions: an
initial denaturation of 3 min at 94 °C, 35 cycles of denatur-
ation at 94 °C for 30 s, annealing at 55 °C for 30 s, and
extension at 72 °C for 45 s, and a final primer extension of
72 °C for 5 min (Ahmed et al. 2006). The reaction for the rpoB
gene occurred under the following conditions: an initial
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denaturation of 2 min at 95 °C, 33 cycles of denaturation at
94 °C for 30 s, annealing at 51 °C for 30 s, and extension at 72
°C for 2 min, and a final primer extension of 72 °C for 10 min
(La Scola et al. 2006). L. interrogans serovar Hardjo-prajitno
and ultrapure water were used as positive and negative con-
trols, respectively, for all PCRs. The amplicons were analysed
by electrophoresis on a 1.5% (w/v) agarose gel, with 0.5X
TBE as a running buffer (0.045 M Tris-borate, 1 mM
EDTA, pH 8.0). The gel was stained with SYBR Safe DNA
gel stain (Invitrogen®) and subsequently photographed under
ultraviolet light with the aid of a transilluminator.

The amplicons were sequenced using the Sanger method
with BigDye Terminator v.3.1 chemistry (Applied
Biosystems) and an ABI-3500 automatic sequencer (Applied
Biosystems). In a final 10 pL reaction, 1 uL of Big Dye, 1.5
pL of 5X buffer, 0.5 puL of primer (10 pM) and 7 pL of the
purified target DNA were used. The reaction conditions were
as follows: an initial denaturation of 1 min at 96 °C and 40
cycles of denaturation at 96 °C for 10 s, annealing at 50 °C for
5 s and extension at 60 °C for 4 min. Each product was se-
quenced with at least two replicates, one with the sense primer
and the other with the antisense primer, increasing the reliabil-
ity of the results.

The final product was precipitated using the ethano/EDTA
protocol provided by the manufacturer. Ten microlitres of Hi-
Di formamide (Applied Biosystems®) was added to the final
precipitated product and submitted to denaturation step at 95
°C for 2 min and at 4 °C for 2 min.
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The sequences were assembled using BioEdit Sequence
Alignment Editor (Hall 1999). Phylogenetic trees were built
using homologous sequences retrieved from GenBank
(accession numbers in Figs. 2 and 3) with the neighbour-
joining method, the Tamura-3-parameter model and 1000
bootstrap replicates in MEGA 7 (Kumar et al. 2016).

Multiple locus variable-number tandem repeat analysis
(MLVA) was performed according to Salaiin et al. (2006)
using three discriminatory markers for the VNTR loci 4, 7
and 10 (L. interrogans). The reaction occurred under the fol-
lowing conditions: an initial denaturation of 5 min at 94 °C, 35
cycles of denaturation at 94 °C for 30 s, annealing at 60 °C for
30 s, and extension at 72 °C for 1 min, and a final primer
extension at 72 °C for 10 min.

Results

Of the 109 kidney samples assayed by bacteriological cultur-
ing, leptospires were observed in five samples by dark field
microscopy and were confirmed by 16S PCR as members of
the genus Leptospira. In the serogrouping analysis, all isolates
were only reactive for the Pomona serogroup, with a titre of
25,600.

DNA sequencing revealed that all isolates belonged to the
species Leptospira interrogans (Figs. 2 and 3). The sequences
were deposited in GenBank [accession numbers from
MN901992 to MN901996 (secY) and MT042009 to
MT042013 (rpoB)]. For the MLVA, all the isolates exhibited
the same VNTR profile (4-1-10), which was previously de-
scribed for strains of the Pomona serogroup (Miraglia et al.
2008; Zarantonelli et al. 2018).

The isolates were catalogued in the bank of national
Leptospira isolates in the laboratory and were coded as fol-
lows: M51/19-70, M51/19-71, M51/19-72, M51/19-80 and
MS51/19-87. As the samples were collected by convenience,

Fig. 2 Phylogenetic analysis
based on the partial secY gene of
Leptospira isolates from buffalo
kidneys (black circle). The tree
was constructed with neighbour-
joining method and Tamura-3
parameter model with bootstrap
test of 1000 replicates

77

it was not possible to determine if the isolates were from
animals of the same herd.

Discussion

The serogroup Pomona was first described in 1937 when a
strain of Leptospira interrogans was isolated from the blood
of a feverish patient during an outbreak in a dairy community
near the city of Pomona, Australia (Clayton et al. 1937).
Subsequently, this serogroup has been associated with pig
leptospirosis, as pigs are considered to be natural carriers of
the Pomona serovar (Faine et al. 1999). However, Pomona
isolates are not restricted to pigs and have also been isolated
from dogs (Mackintosh et al. 1980), cattle (Zarantonelli et al.
2018) and sheep (Hamond et al. 2019). In Brazil, Pomona
isolates have been isolated from pigs (Miraglia et al. 2008)
and wild animals (Silva et al. 2015) but have yet to be isolated
from buffaloes.

The diffusion of the Pomona serogroup into buffaloes can
be observed through serological studies that have demonstrated
this serogroup to be one of the most prevalent in buffaloes in
different countries (Konrad et al. 2013; Gloriani et al. 2016;
Alamuri et al. 2019). Recently, a large serological study was
carried out in buffaloes from the same area as this study (the
Amazon Delta) and revealed that the Pomona serogroup was
one of the most prevalent among the 20 evaluated serogroups.
In addition, it has been suggested that other local and serolog-
ically distinct strains from the autochthonous Leptospira strains
isolated in the Southeast region of Brazil may be circulating in
buffaloes of the Amazon region (Guedes et al. 2020b).

Leptospiral DNA has been detected in aborted buffalo foe-
tuses, and sequencing of this DNA has revealed the presence of
L. interrogans with homology to the Pomona serogroup,
among others (Marianelli et al. 2007). However, DNA se-
quencing is unable to discriminate serogroup-level leptospires,
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Fig. 3 Phylogenetic analysis
based on the partial 7poB gene of
Leptospira isolates from buffalo
kidneys (black circle). The tree

was constructed with neighbour- oz
joining method and Tamura-3
parameter model with bootstrap 84

test of 1000 replicates
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as these are distinct classifications (Faine et al. 1999). In the
face of this evidence, whether serogroup Pomona commonly
infects buffaloes remains unknown since the isolation of
Leptospira belonging to this serogroup in buffalo is rare.

Leptospirosis in buffaloes is a problem for both animal and
public health, especially in flooded areas, such as those pres-
ent in Asian countries. In these regions, buffaloes are used in
rice farming in flooded fields, suggesting that these animals
may be related to cases of human leptospirosis (Agampodi
et al. 2011). In a previous study, leptospiral DNA, mainly
L. interrogans, was detected in buffalo kidneys slaughtered
in the Amazon Delta region (Guedes et al. 2020a). This rein-
forces the condition that these animals can be infected by
Leptospira and the bacteria can be eliminated in urine, main-
taining the microorganisms in the environment. Furthermore,
in this region, buffaloes are part of the local culture, where
they come into close contact with humans, which should be
taken into consideration when adopting disease control mea-
sures for these animals.

Despite the small number of obtained isolates (5/109),
this does not reflect the real infection rate of buffaloes by
leptospires, since bacteriological culturing normally has
low sensitivity due to several limitations such as sampling,
material processing, bacterial fragility in biological sam-
ples and contamination of the material during the extended
incubation period (Faine et al. 1999; Levett 2001).

In this study, we used a culture medium in which we
included foetal buffalo serum associated with bovine serum
albumin (BSA), Tween 80 and rabbit serum as enrichment.
Chideroli et al. (2017) reported the isolation of Leptospira
strains from cattle using modified EMJH medium with
added foetal bovine serum and sodium pyruvate.
However, the authors described that only the addition of

Leptospira biflexa serovar Patoc strain GIMC2058:LT-8 (KJ701748.1)

foetal bovine serum to fully replace the rabbit serum was
critical for primary isolation but did not promote a cellular
increase in subsequent cultures. In this way, we also ob-
served that initially, the isolates did not grow in culture
media without the addition of foetal buffalo serum and re-
quired five to ten consecutive passages in EMJH and
Fletcher media for adaptation (data not shown).

In this work, the presence of strains from the Pomona
serogroup would indicate that pigs may be involved in the
transmission of these bacteria, primarily because pigs are
adapted to strains belonging to this serogroup and are natural
carriers of it (Faine et al. 1999). Nevertheless, in the region
investigated in this study, it is uncommon to note swine pro-
duction associated with buffalo. This observation suggests
that the source of infection of these animals may involve wild
animals such as capybaras (Hydrochaeris hydrochaeris),
which are commonly found in the Amazon region in rivers,
puddles and dams together with buffaloes. Thus, capybaras
may play an important role as a carrier of leptospires in the
environment, since it has been shown that capybaras experi-
mentally infected with L. interrogans serovar Pomona devel-
oped leptospiruria (Marvulo et al. 2009).

As it was not possible to determine if the isolates were from
animals with clinical signs suggestive of leptospirosis, or
whether they were associated with animal reproductive status
or not, the possibility that these isolates could be adapted to
and maintained in buffaloes in the region should be consid-
ered. For example, bovines may harbour strains of the
serovars Pomona and Grippotyphosa (Faine et al. 1999),
which are not considered to be adapted to them, and the iden-
tification of different Leptospira strains in bovines without
clinical signs demonstrates the adaptability that these bacteria
may have in the host (Pinto et al. 2017).
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Conclusion

The Brazilian Amazon comprises many remote and heteroge-
neous regions that are formed by numerous rivers, islands and
islets, where buffaloes have a strong cultural and economic
influence. However, the difficult accessibility and lack of lab-
oratory structures in the region reflect the lack of studies re-
garding the health of these animals. The present study reports
the first isolation and characterisation of Leptospira from buf-
falo raised in the Brazilian Amazon and identifies five isolates
belonging to the Pomona serogroup, adding to knowledge of
buffalo leptospirosis, which is poorly studied worldwide when
compared to cattle leptospirosis. These results also show that
in the Amazon, buffaloes can be infected by strains of lepto-
spires other than those of the Sejroe serogroup, which is con-
sidered to be more common and adapted to cattle.
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