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Immunohistochemical detection of Lp25 and LipL32 proteins
in skeletal and cardiac muscles of fatal human leptospirosis
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ABSTRACT
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Leptospirosis is an acute infection caused by pathogenic species of the genus Leptospira,
which affects humans and animals in all world. In severe forms of the disease, kidneys,
liver and lungs are the main affected organs, resulting in acute kidney injury, jaundice and
pulmonary hemorrhage. Previous post-mortem studies have shown that lesions are not limited
to these organs. Cardiac and striated muscle injuries have already been reported, but the
pathophysiology of cardiac and skeletal lesions in leptospirosis is not fully understood. It has
been suggested that the tissue damage observed in leptospirosis could be directly mediated by
leptospires or by their toxic cellular components. LipL32 and Lp25 are leptospira membrane
proteins with unknown functions, that are present only in pathogenic strains of Leptospira
spp. Both proteins induce skeletal muscle lesions similar to those observed when normal
guinea pigs are inoculated with leptospires. Through immunohistochemistry, this study
showed the presence of LipL32 and Lp25 proteins on muscle cell membranes and in the
underlying cytoplasm of skeletal muscles, as well as focal lesions in cardiac tissues of fatal
cases of leptospirosis. Altogether, these results reinforce that both proteins can be important
factors in the pathogenesis of leptospirosis.
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INTRODUCTION
Leptospirosis is an acute bacterial septicemic disease caused by pathogenic
species of the genus Leptospira, affecting humans and animals in all world1. It is a
zoonosis associated with chronically infected carrier animals, especially rodents.
In humans, leptospirosis has a biphasic clinical presentation, which begins with
the septicemic phase followed by immune manifestations2. At least 80 to 90% of
cases are either asymptomatic or exhibit a non-specific self-limited febrile disease.
However, 5 to 10% of cases manifest the most severe form of the disease (Weil’s
syndrome or severe pulmonary hemorrhage syndrome) with multisystemic damage
including vascular, hepatic, renal and pulmonary manifestations2-4. Striated muscle
injury is frequent and remarkable in leptospirosis5-7. Myalgia has been reported on
92.5% of patients with leptospirosis and it may be an early symptomatology of
the disease6.
Rhabdomyolysis is an acute clinicopathological syndrome that results from
the necrosis of striated muscle leading to the release of intracellular contents such
as myoglobin, electrolytes and enzymes into the bloodstream8. Clinically, it is a
proximal myopathy with myalgia and creatine kinase (CK) levels greater than
This is an open-access article distributed under the
terms of the Creative Commons Attribution License.
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1,000 U/L. The pathological features are isolated fiber
necrosis, myopathic changes and regeneration, as well
as focal inflammatory changes with some macrophage
activity9. Complications also include acute kidney injury,
which is also very common in severe leptospirosis7.
Muscle injury may result from multiple causes like a
direct pathogen invasion, tissue hypoxia, high lysosomal
enzymatic activity, or the release of toxins8. In leptospirosis,
rhabdomyolysis is present in up to 62% of patients and this
condition is detected by high CK levels in the bloodstream10.
The skeletal muscle lesions of leptospirosis are present
mainly in the calf and pectoral muscles7. Damage of
myocardial fibers is also frequent and was first reported
by Arean in 196211, and afterwards that by de Brito et al.
in 198712. The pathogenesis of the muscular damage
suggests a toxin-like action, explained by proteins secreted
by leptospira or by proteins present in their membrane11-13.
Recently, immunohistochemistry findings in normal
guinea pigs showed that two proteins, LipL32 and Lp25,
from pathogenic Leptospira spp. can reach the skeletal
muscle and induce lesions similar to those observed in
leptospirosis. However, lesions in the group of animals
inoculated with Lp25 were more diffuse and more
accentuated than those found in the LipL32-inoculated
group. Moreover, in experimental conditions, Lp25 was
associated with acute kidney injury14.
LipL32 is the most expressed protein of leptospires
(32,190 copies/cell)15,16. Although Lp25 protein is less
expressed (2,434 copies/cell) than LipL3216, both are
conserved membrane proteins in pathogenic species
of leptospires, recognized by sera of patients in the
convalescent phase of infection14-17 However, the role of
these proteins in the pathogenesis of the disease remains
unknown18,19.
The present study was carried out with skeletal and heart
muscle samples of fatal leptospirosis cases in an attempt to
detect the presence of Lp25 and LipL32 in these tissues.

men (83.33%) with a mean age of 46 years. All of them
died between 4 and 8 days after admission with the clinical
diagnosis of leptospirosis. The serodiagnosis of selected
cases was incomplete due to the short time interval between
patients’ hospitalization and death. Only five patients
presented with positive results in either ELISA-IgM
and/or Microscopic Agglutination Test (MAT) (Table 1).
Macroscopic autopsy findings in all patients were highly
suggestive of severe leptospirosis, including jaundice,
hemorrhage, hepatomegaly and splenomegaly.
Ethics approval
This retrospective study was approved by the Ethical
Committee and Research Board of the Adolfo Lutz
Institution, process number Nº 1928/2010 and 0017D/2010.
Autopsies were performed after the written informed
consent was obtained from the next of kin and all patients
were anonymized.
Antibodies
Primary antibodies (Table 2) were produced in previous
studies14,17,20. Briefly, anti-Leptospira20, anti-Lp2514 and
anti-LipL3217 were prepared by the hyper immunization
of rabbits with a cellular suspension of Leptospira
interrogans serovar Icterohaemorrhagiae strain R192,
or with recombinant purified Lp25 or LipL32 proteins,
respectively. The anti-Leptospira (anti-L) serum was used
in the immunohistochemistry procedures to characterize
the pathological features of leptospirosis in liver, kidney
and muscular samples. The anti-Lp25 and anti-LipL32
were chosen in this study due to their ability to induce
muscular lesions in guinea pigs, as previously published
by our group14.
Histopathological and immunohistochemistry (IHC)
procedures

MATERIAL AND METHODS
Patient samples
This was a retrospective study on fatal leptospirosis
cases admitted to different hospitals in Sao Paulo State,
Brazil, during the years 2009-11, 2015 and 2016. Fragments
of liver, kidney, and calf skeletal muscle obtained from
twelve autopsied patients underwent histological analyses.
In six of them, myocardium samples were also analyzed.
The autopsies were complete and performed by different
pathology laboratories in Sao Paulo after the family
consent. Clinical data are in Table 1. Most patients were
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Tissue fragments collected at the time of autopsies
were fixed in 10% buffered formalin, embedded in
paraffin and cut in 3-4 µm thick sections. Sections for
morphological analyses were hematoxylin and eosin (H&E)
and Gomori trichrome-stained21. Immunohistochemistry
(IHC) procedures were performed on 3 µm tissue sections
fixed in silane-treated slides. Prior to specific antibody
incubation, slides with tissue sections were subjected to
antigen retrieval in a pressure cooker using 10 mM citrate
buffer for 3 min (120 °C, pH 6.0) followed by incubation
with 3% hydrogen peroxide solution in order to extinguish
unspecific peroxidase activity. Tissue sections were then
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Table 1 - Demographic, clinical and laboratory data of patients with leptospirosis.

Case Nº

Age (y)/sex

Clinical data

ELISA IgM
OD value
(cut-off)

MAT
Serovar (title)

Samples

#1

34/M

Fever, jaundice, muscular
pain, vomiting

ND

ND

m/h

#2

54/M

NA

NR
0.170 (0.195)

Copenhageni (1/400)

m

#3

53/F

Jaundice, hemoperitoneum,
obesity

NR
0.055 (0.191)

Copenhageni Cynopteri
(1/100)

m

#4

28/M

Fever, jaundice, diarrhea

ND

ND

m

#5

38/M

Jaundice, ascitis, pulmonary
hemorrhage

R
0.78 (0.32)

Copenhageni
Icterohaemorrhagiae
(1/400)

m/h

#6

60/M

Jaundice, pulmonary edema,
pleural effusion

ND

ND

m

#7

62/M

Jaundice, muscular pain,
renal failure

NR
0.10 (1.10)

ND

m

#8

60/M

Fever, jaundice, muscular
pain, arrhythmia

ND

ND

m/h

#9

40/M

Jaundice, pulmonary
hemorrhage

ND

ND

m/h

#10

30/M

NA

R
2.4 (1.1)

ND

m/h

#11

47/F

Jaundice, muscular pain

ND

ND

m/h

#12

47/M

Jaundice

ND

Copenhageni
(1/1,600)

m

M = skeletal muscle sample; h = heart sample; OD = optical density; MAT = Microscopic Agglutination Test; ND = not determined;
NA = none available; NR = non-reagent; R = reagent.

Histological and IHC analyses

Table 2 - Antibody information.
Source

Dilution in
IHC

Leptospira (anti-L)

polyclonal rabbit

1: 30,000

Lp25 protein (anti-Lp25)

polyclonal rabbit

1: 4,000

LipL32 protein (anti-LipL32)

polyclonal rabbit

1: 2,000

Antigen

incubated overnight (4 °C) with the primary antibodies
shown in Table 2. Signal amplification with anti-L antibody
was achieved by alkaline phosphatase (AP) conjugated
polymer followed by chromogenic Fast Red revelation (red
color) (MACH4™ Universal AP Polymer Kit and WARP
RED™ chromogen kit (Biocare Medical, Concord, USA).
Immunostaining for Lp25 and LipL32 was achieved by
using a horseradish peroxidase (HRP) conjugated polymer
detection system (REVEAL Biotin-Free Polyvalent, Spring
Bioscience Corp., USA) and color visualization (brown)
developed by diaminobenzidine (Sigma-Aldrich, St. Louis,
MO, USA).

Rev Inst Med Trop São Paulo. 2020;62:e85

Histological muscular lesions were graded on a scale
from 0 to 3: (0) normal (without lesions), (1) mild (presence
of individual hyaline contraction change and focal interstitial
reactivity), (2) moderate (necrosis of isolated muscle fibers,
focal lesions of fibers and mild interstitial inflammatory
infiltrate) and (3) severe (presence of extensive necrosis,
multiple lesions of individual fibers and more intense
interstitial inflammatory infiltrate). Immunoreactivity to
leptospiral antigens was considered positive in muscle
samples when small dots were noted in the cytoplasm
of muscle fibers, interstitial macrophages or endothelial
cells14,22. The immunostaining observed with anti-Lp25
and anti-LipL32 was considered positive in muscle cells
when finely granular antigen deposits partially delineated
the sarcolemma and occasionally spread to the cytoplasm
bellow, as previously documented14. Semiquantitative IHC
analyses were performed as described by Meyerholz et al.23,
considering the incidence of dots or antigen deposits stained
in the cells. An ordinal IHC score of 0 to 3 was attributed
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to each specimen, as follows: (0): no staining; (1): weak;
(2): moderate and (3): strong immunoreactivity.

with Rocky Mountain spotted fever). All negative controls
showed no immunoreactivity.

IHC controls

RESULTS

In order to check nonspecific binding of secondary
antibodies, IHC procedures were performed without
the primary antibody, and no staining was detected. As
the positive controls, a guinea pig liver sample from an
experimental Leptospira interrogans serovar Copenhageni
infection was used with anti-L, and a guinea pig skeletal
muscle sample from our previous experimental study14
was used with anti-Lp25 and anti-LipL32. A positive
immunoreactivity was observed with all antibodies, as
described above (IHC analyses). As negative controls, all
antibodies were tested with normal human liver and heart
samples (without histological lesions) and specimens
collected from six non-leptospirosis patients (2 patients
with meningococcal meningitis, 2 with yellow fever and 2

It was not possible to confirm the serological diagnosis
of leptospirosis in all cases due to the short time interval
between patients’ hospitalization and death (Table 1).
Usually, the microscopic agglutination test (MAT) and the
enzyme-linked immunosorbent assay (ELISA-IgM) are less
sensitive during the early stages of leptospirosis, so that
histological and IHC analyses of kidney and liver samples,
using anti-Leptospira (anti-L) primary antibody (Table 2),
were performed to confirm the diagnosis. Results showed
that all patients presented with typical histopathological
features of leptospirosis. Kidney sections presented with
acute tubular necrosis, cell edema and focal interstitial
nephritis. Moreover, areas of liver cells disruption were
observed in the sections (Figure 1). These data support

Figure 1 - Immunohistochemistry and histology analyses of liver (A/B, #4) and kidney samples (C/D, #8). A) H&E staining showing
remarkable liver cells disruption with poor inflammatory infiltrate in the portal space (200 X); B) Leptospira-immunohistochemistry
showing small leptospira antigens as small dots inside Kupffer cells (400 X); C) H&E staining showing interstitial nephritis with
scarce inflammatory infiltrate mainly composed of mononuclear cells (200 X); D) Leptospira-immunohistochemistry showing small
leptospira antigens as small dots in tubular cells and interstitium (400 X).
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the clinical diagnosis of severe leptospirosis in all selected
cases.
Histological and IHC analyses of skeletal and cardiac
muscle sections used the anti-L, anti-Lp25 and anti-LipL32
primary antibodies. As shown in Table 3 and Figure 2,
skeletal muscles were involved in all cases with different
degrees of severity. The histological findings consisted of
isolated or small groups of muscle fiber lesions, which
may exhibit loss of striation and hyaline cytoplasmic
changes: small cytoplasmic vacuoles, hypercontraction
of isolated fibers that may progress to necrosis with
lumps of cytoplasmic hyaline material and eventually to
phagocytosis. The dye changes of cytoplasmic myofibrils
were easily observed by usual staining (H&E) (Figure 2A),
but were better seen by the Gomori trichrome dye as pale
cells (“ghost cells”) (Figures 2C and 2D). The most evident
aspect was necrosis of isolated fibers or of small groups,
seen in all cases. In 7/12 cases, the necrosis of isolated
fibers was considered more extensive and more frequent
(Table 3). Only mild inflammatory infiltrates were seen in
skeletal muscle, particularly around necrotic macrophages
and lymphocytes (10/12). Inflammatory infiltrates were not
intense in any of the cases. In one case, it was moderate
(1/12; #4) and in another, no inflammation was detected
(#9). Neutrophils and interstitial hemorrhage were not
seen. There was neither a wide range of muscle fiber sizes
(atrophy/hypertrophy) nor muscle fibrosis.
Leptospira (L) antigens were detected by IHC in all
skeletal muscle samples, usually within macrophages,

interstitium and inside muscle fibers as dot deposits
(Table 3, Figure 2B). In one case, they were very frequent,
especially in the interstitium (#11) and in another case, L
antigens were also seen in endothelial cells (#2).
IHC with antibodies anti-LipL32 and anti-Lp25 were
positive in all skeletal muscle samples (Table 3, Figures 2E
and 2F). Multifocal antigenic granular deposits were seen
partially circumscribing the sarcolemma of isolate muscular
fibers or in small groups. Occasionally they spread to the
cytoplasm and sometimes they were present in necrotic
cells.
The intensity of anti-Lp25 detection was moderate or
strong (2+ or 3+) in 10 cases, meanwhile, immunostaining
with anti-LipL32 was considered moderate in only three
cases, and in none of them it was strong (Table 3).
In heart samples, lesions were not as evident as in
skeletal muscles, as shown in Table 4 and Figure 3.
Remarkable findings were hypercontraction of isolated
fibers (mild or moderate, 5/6) and interstitial inflammatory
infiltrates in myocardium consisting of macrophages
and lymphocytes (6/6) (Table 4). Likewise, in skeletal
muscle samples, neutrophils were not present. A similar
inflammatory infiltrate was present in the endocardium in
three cases (#1; #5; #11), and in the pericardium of case #1
(pancarditis). Sometimes the infiltrate was more frequent
around intramyocardial coronary blood vessels, resembling
Aschoff’s nodules (#5, #9). Unlike skeletal muscle samples,
neither fiber necrosis nor “ghost cells” were seen even with
Gomori staining (Figure 3).

Table 3 - Histological and immunohistochemistry (IHC) scores of skeletal muscle samples.

Casea Nº

IHC scorec

Histological scoreb
Hyaline

Ghost cell

Necrosis

Inflammation

Anti-L

Anti-LipL32

Anti-Lp25

#1

3+

2+

3+

1+

2+

1+

3+

#2

2+

3+

3+

1+

3+

1+

3+

#3

2+

2+

2+

1+

1+

1+

2+

#4

3+

3+

3+

2+

1+

1+

3+

#5

2+

2+

3+

1+

1+

2+

3+

#6

1+

1+

2+

1+

1+

2+

1+

#7

2+

1+

1+

1+

1+

1+

3+

#8

3+

2+

3+

1+

1+

1+

2+

#9

2+

2+

1+

0+

1+

1+

1+

#10

1+

1+

2+

1+

1+

1+

2+

#11

2+

1+

3+

1+

3+

2+

3+

#12

1+

2+

3+

1+

1+

1+

3+

Numbers correspond to the identification of each patient as described in Table 1; bSkeletal musclesamples were stained with
H&E and trichrome Gomori. Muscular lesions were graded as described in Material and Methods; cSkeletal muscle samples were
submitted to IHC with anti-L, anti-Lp25 and anti-LipL32 antibodies. Semiquantitative analyses were performed as described in
Material and Methods.
a
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Figure 2 - Immunohistochemistry and histology analyses of skeletal muscle samples. A) H&E staining showing fiber muscle
necrosis and “ghost cells” (clear cells) with scarce interstitial inflammatory infiltrate, mainly composed of mononuclear cells (#4);
B) Leptospira-IHC showing small leptospira antigens as small red dots indicated by arrows, inside necrotic muscle fiber and also
in the interstitium (#11); C) Gomori staining showing “ghost cells” and partially necrotic fibers; D) A necrotic muscle fiber in detail,
Gomori staining; E) Lp25-IHC showing granular antigen deposits on the sarcolemma and peripheral cytoplasm (#7); F) LipL32-IHC
showing similar sarcolemma antigen deposits. These deposits are scarcer when compared to Lp25 (#7).

Leptospira antigens were present in all cases (6/6) in the
interstitium, muscle fibers and sometimes in endothelial cells
(2/6) (#1, #5) (Table 4 and Figure 3). Immunohistochemistry
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with Lip25 and LpL32 was weaker in cardiac muscle than
in skeletal muscle, but immunostaining was similar between
them. The antigen Lp25 was positive in four cases (4/6) and
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Table 4 - Histological and immunohistochemistry (IHC) scores of heart muscle samples.

Casea Nº

IHC scorec

Histological scoreb
Hyaline

Ghost cell

Necrosis

Inflammation

Anti-L

Anti-LipL32

Anti-Lp25

#1

2+

0+

0+

3+

3+

1+

3+

#5

2+

0+

0+

2+

1+

1+

1+

#8

1+

0+

0+

1+

1+

0+

0+

#9

1+

0+

0+

2+

1+

1+

0+

#10

0+

0+

0+

1+

1+

1+

1+

#11

2+

0+

0+

2+

2+

1+

2+

Numbers correspond to the identification of each patient as described in Table 1; Heart muscle samples were stained with H&E
and trichrome Gomori. Muscular lesions were graded as described in Material and Methods; cHeart muscle samples were submitted
to IHC analysis using anti-L, anti-Lp25 and anti-LipL32 antibodies. Semiquantitative analyses were performed as described in
Material and Methods.

a

b

Figure 3 - Immunohistochemistry and histology analyses of heart muscle samples. A) H&E staining showing myocarditis and hyaline
contraction of heart cells (#1); B) Leptospira-IHC showing red dots of leptospira antigens indicated by arrows, in the interstitium
and the cytoplasm of macrophages and cardiac myocytes (#1); C) Lp25-IHC showing brownish granules deposits in the cytoplasm
and on the membrane in a small group of cardiac myocytes (#11); D) LipL32-IHC showing deposits of antigen in the cytoplasm
and on the membrane of an isolate cardiac myocyte (#11).
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the antigen LipL32 was weakly marked in isolated and focal
fibers (5/6) (Table 4 and Figure 3).
In two cases (#1 and #11), skeletal muscles and heart
lesions were more accentuated marked. The skeletal muscle
exhibited “ghost cells” and remarkable necrosis of muscle
fibers with scarce inflammatory infiltrate. LipL32 and
Lp25 antigens were more easily detected in these samples
(Figures 2 and 3). In heart samples, the inflammatory
infiltrate was more evident in the myocardium and
endocardium and LipL32 and Lp25 antigens were more
evident as well (Figure 3).
DISCUSSION
In severe manifestations of leptospirosis, the liver,
lungs and kidneys are the main affected organs resulting in
jaundice, pulmonary hemorrhage and acute kidney injury,
respectively1,2. Previous autopsy reports have shown that
lesions found in fatal cases of leptospirosis are not limited to
these organs11-13. Cardiac and striated muscle injuries have
also been reported5,11,12,22,24. However, the pathophysiology
of these lesions is not fully understood.
In the present study, the histological findings in
skeletal muscle were the same as the ones described
by Jeghers et al.5 in 1935 in gastrocnemius muscle and
afterwards by Sheldon24 and Uip et al.22. Different aspects
of muscle fiber necrosis were frequent, with minimum
inflammatory infiltrate in most cases. It seems that
the process began with loss of isolated fibers striation,
hyalinization and swelling, progressing to necrosis. Only
when the round lumps of hyaline material in the cytoplasm
appeared (definite necrosis), a scarce inflammatory infiltrate
composed of macrophages and lymphocytes was evident.
Neutrophils and other polymorphonuclear cells were
not present. Therefore, the process seems to be necroticdegenerative and not inflammatory. Leptospiral antigens
were frequently observed in the skeletal muscle samples
by immunohistochemistry12,22 .
For several years, the important role of rhabdomyolysis
in the pathogenesis of leptospirosis was neglected, in spite
of myalgia being frequently the first symptom noticed
by the patient6. Considering the extensive necrosis that
was detected in calf muscle and probably also in pectoral
and abdominal muscles, as observed by Solbrig et al.25,
we imagine a massive release of intracellular enzymes
and myoglobin in the bloodstream in a short period of
time, the same situation found in acute muscle trauma.
Rhabdomyolysis is known as an important factor that can
induce acute kidney injury in leptospirosis, as many authors
have suggested7,25,26. An association between the creatinine
phosphokinase level and the maximum serum creatinine

Page 8 of 10

level was demonstrated in patients with severe forms of
leptospirosis and high serum potassium levels25.
On the other hand, the histological features seen in
cardiac muscles were different from the ones seen in skeletal
muscles. The interstitial inflammatory infiltrate was much
more important than necrosis, which was focal and limited
to loss of striation and hyalinization of isolated fibers. It
seems that the inflammatory infiltrate was independent
of necrosis. Cytoplasm edema and lumps of cytoplasmic
hyaline material were not identified in our cases. Sometimes
endocardium, pericardium and intramyocardial vessels
were also compromised by inflammatory infiltrates, as
previously documented9. Leptospira antigens were easily
demonstrated in myocytes, interstitium and endothelial
cells. From a clinical point of view, myocarditis has
important consequences in severe leptospirosis27,28. It
seems that the cardiac muscle was involved in the course
of septicemia, through hematogenous dissemination29,30.
The Lp25 and LipL32 proteins were demonstrated
by immunohistochemistry on the muscle cell membrane,
underlying the cytoplasm in skeletal muscle and focally
in cardiac samples of fatal human cases. Both had the
same IHC aspect, similarly to what was described in an
experimental model14. It is noteworthy that, unlike previous
experimental studies, we deal with patients who died due
to leptospirosis. In the previous report, we evaluated the
effect of LipL32 and Lp25 proteins on renal function of
normal guinea pigs14. Only Lp25 was associated with
oliguric acute kidney injuries and hyperkalemia induced by
rhabdomyolysis. Interestingly, both proteins were able to
reach the skeletal muscles and produce lesions. However,
the muscular lesions observed in the group inoculated with
Lp25 were more diffuse and more intense than those seen
with LipL32 presenting with the inflammatory infiltrates
and areas of necrosis characterized by “ghost cells”14.
It has been reported that some bacterial infections might
cause rhabdomyolysis8,31, including Legionella species2,
which are the most common one, followed by Salmonella
spp33, Streptococci34, Leptospira spp7, Staphylococcus
aureus35, among others. The mechanisms of rhabdomyolysis
induction after bacterial infections are not completely
elicited8,31. There is evidence that these pathogens may
cause injury either by the direct invasion of muscles or by
the production of toxins31. Salmonella and Streptococcus
species are able to invade muscle cells, and to suppress
glycolytic and oxidative enzymes, leading to an extensive
muscle necrosis31,34. In contrast, other bacteria, such as
Legionella spp32 and Clostridium perfringens, are not able
to invade muscle cells, but they may secret toxins that induce
myonecrosis36. The same could happen in the leptospira
infection. Previous studies have suggested that leptospirosis
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is a disease of the cell membrane as was demonstrated by
leptospira antigen deposits on the cell membrane, and by the
loss and/or alteration of cadherin expression. In this context,
the pathogenesis of muscular damage suggests a toxin-like
action of leptospira proteins, possibly as an important factor
in the mechanism of the disease12,13.
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