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Resumen: A nivel mundial, la leptospirosis es la zoonosis de
mayor prevalencia. Aunque la amplia gama de manifestaciones
clinicas de la leptospirosis en humanos estd bien documentada,
el conocimiento de los mecanismos a través de los cuales este
patégeno causa enfermedad renal sigue siendo limitado. Esta
revisién narrativa de la literatura cientifica presenta estudios
experimentales de fisiopatologia y enfermedad renal en la
leptospirosis, tanto en humanos como en animales y los resultados
muestran que los factores de virulencia estdn involucrados en la
colonizacién renal, lo que puede contribuir al dafio renal al inducir
nefritis tubular intersticial que es la més frecuente manifestacién
patolégica. Ademds de la lesién renal aguda no oligarica con
hipopotasemia y pérdida de magnesio y sodio. Finalmente, se
concluye que, en la leptospirosis, la lesién inicial en el rindn es
causada por el dafio a la membrana celular de las células de la
regién tubular proximal por factores de virulencia patégena de
Leptospira, exacerbando asi la respuesta inmune.

Palabras clave: Patogénesis, Factores de virulencia, Insuficiencia
renal, Leptospira, Leptospirosis.

Abstract: Worldwide, leptospirosis is the most highly prevalent
zoonosis. Although the wide range of clinical manifestations
of leptospirosis in humans is well-documented, knowledge of
the mechanisms through which this pathogen causes kidney
disease remains limited. This narrative review of the scientific
literature presents experimental studies of pathophysiology and
kidney disease in leptospirosis, both in humans and animals,
and the results show that virulence factors are involved in
kidney damage by inducing interstitial tubular nephritis, which
is the most frequent pathological manifestation, additionally,
to the acute non-oliguric renal lesion with hypokalemia, and
loss of magnesium and sodium. Finally, it is concluded that in
leptospirosis, the initial lesion in the kidney is caused by damage
to the cell membrane of the proximal tubular region cells by
pathogenic Leptospira virulence factors, thus exacerbating the
immune response.
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INTRODUCTION

Leptospirosis is a re-emerging infectious disease and one of the main zoonotic

causes of morbidity and mortality affecting animals and humans worldwide."*?

It is estimated that it affects approximately 1.03 million people each year.#>*

This disease is caused by pathogenic bacteria belonging to the genus Leptospira,

as well as the Leptospiraceae family and Spirochaetales order.”%? Leptospirosis
is characterized as a febrile, biphasic, usually anicteric disease, but which can
result in liver failure and acute kidney injury; the latter being the most common

cause of death.'®"! The methodology used in this narrative review was the search
for articles from October 2009 to July 2022 in three international databases:
Medline (via PubMed), Scopus, and Science Direct. We used a combination
of the following search terms: [Leptospir* AND (phylogenetic OR virulence
OR genomic OR pathophysiology OR renal OR kidney)]. This review aims to
describe recent advances related to virulence factors, the molecular mechanisms
of pathogenic species of the genus Leptospira, and the effects on the immune
system associated with the renal pathophysiology of leptospirosis.

The etiological agent of leptospirosis Leptospira organisms are flexible, spiral-
shaped, or coile; this mobile, aerobic spirochetes, usually 5-15 pm long with
very thin spiral turns of 0.1 to 0.2 um wide. Often one of the ends of this
bacterium is hook-shaped. They have very characteristic flagella called axial
filaments which are located between the outer cell envelope and the protoplasmic
cylinder (periplasmic space). This morphological characteristic allows them to

effect a rotational movement that gives the bacteria its spiral forward motion®8

(Figure 1).

All species of this genus have a cellular envelope analogous to that of gram-
negative bacteria, which consists of two membranes, one cytoplasmic and
one external. The cytoplasmic body and the axostil are spiral-shaped with an
enveloping membrane that surrounds both structures.'>'* This multi-stratified
outer membrane has an abundance of lipids (20%), and the bacterium also
contains peptidoglycan. However, it has a notable difference: the peptideglycan
layer is associated with the cytoplasmic membrane instead of being associated

with the outer membrane, which is unique to the spirochetes, and constitutes

4314151617 (Figure 1). Some of these

a singular characteristic of its evolution
bacteria also contain «, e-diaminopilemic acid. The outer membrane has

very immunogenic lipopolysaccharides (LPS), which are responsible for the

specificity of the serovars'® (Figure 1).

All species of the genus Leptospira generally have two chromosomes; one
called the major chromosome and another called the minor chromosome. All
genomes are notably different in size, genomic composition, and the number
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of genes and proteins expressed. There is also evidence of large-scale genomic

rearrangements.'* Although 65 species have now been described'*'¢ distributed
as follows: 19 Pathogens, 21 Intermediate pathogens, and 27 Saprophytes (Figure
2), only the complete genomes of seven species are known, these being L.
interrogans, L. borgpetersenii, L. mayottensis, L. alstonii, L. kmetyi, L. biflexa
and L. santarosai (Figure 2).

Leptospirosis causes life-threatening manifestations such as pulmonary
hemorrhage syndrome and Weil’s syndrome, and has become one of the world’s
leading causes of hemorrhagic fever and acute kidney injury.”” Depending
on the host and serovar involved, leptospirosis behaves like a syndrome that
varies from subclinical manifestations with a self-limiting febrile syndrome
in 80 to 90% of the cases to potentially fatal febrile manifestations in 5 to
10% of the cases associated with hemorrhagic tf:ndency,S in addition to severe

symptoms such as jaundice accompanied by renal and hepatic insufficiency.’
This particular symptomatology is known as Weil’s syndrome, which without
adequate treatment can cause death in up to 50% of the cases where early renal
damage is very frequent, characterized by tubule interstitial nephritis and tubular
dysfunction.'*1>1?

Leptospira reservoirs include wild and domestic animals, with rats being the
main reservoir in urban areas.'”*’ Transmission to humans occurs through
direct contact with the blood, tissues, organs, urine of infected animals, or
water contaminated with urine from infected rats. The bacterium enters through
lacerations in the skin, mucous, or conjunctiva. It then degrades the tissue until
it reaches the endothelium. It is then transmitted hematogenously to different
organs, such as the liver or lungs, but mainly to the kidney, which is its target

organ®! (Figures 3,4).
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Figure 1. Cellular morphology of Leptospira spp. It is a helical bacterium that is 0.15 pm in diameter and 10 pm in diameter. The motility of
Leptospira depends on the presence of two endophlagels, located at each end of the bacteria, which has a length of 3 ym. This gives it its typical
spiral movement. It also shows the cell wall that is composed of an inner brane, a thin layer of peptideglycan, and an outer membrane that
has lipopolysaccharide (LPS) that is exposed on the surface and is composed of core, lipid A and O antigen. The endophage with its hook and
basal body is shown. It has a rotating molecular motor that allows the movement of the flagellar filament, which is connected through the hook o
the basal body. This enables its characteristic rotation. The Loa22, OmpL1, and LipL32 proteins that are fully or partially exposed are all found in
external membranes and generate the first contact with the host cells (Source: prepared by authors).
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Cellular morphology of Leptospira spp. It is a helical bacterium that is 0.15 pm in diameter and 10 pm in diameter. The
motility of Leptospira depends on the presence of two endophlagels, located at each end of the bacteria, which has a
length of 3 um. This gives it its typical spiral movement. It also shows the cell wall that is composed of an inner membrane,
a thin layer of peptideglycan, and an outer membrane that has lipopolysaccharide (LPS) that is exposed on the surface
and is composed of core, lipid A and O antigen. The endophage with its hook and basal body is shown. It has a rotating
molecular motor that allows the movement of the flagellar filament, which is connected through the hook to the basal
body. This enables its characteristic rotation. The Loa22, OmpL1, and LipL32 proteins that are fully or partially exposed
are all found in external membranes and generate the first contact with the host cells (Source: prepared by authors)
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Figure 2. Identification of the 65 species belonging to the genus Leptospira by phylogenetic analysis, divided into three groups which are pathogens,
intermediate pathogens, and saprophytes, in addition to the external group. Phylogenetic recanstructions for the 16s ribosomal gene through the MEGA7
program are shown (Source: prepared by authors).
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Identification of the 65 species belonging to the genus Leptospira by phylogenetic analysis, divided into three groups
which are pathogens, intermediate pathogens, and saprophytes, in addition to the external group. Phylogenetic
reconstructions for the 16s ribosomal gene through the MEGA7 program are shown (Source: prepared by authors).

Once it reaches the kidney, a specific mechanism is necessary for Leptospira
to cross into the lumen of the proximal renal tubules, adhere to the renal
epithelial cells, evade the immune response, and acquire the nutrients necessary
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for survival.?? This is possible because of its virulence factors® (Figure 4). Part of
the mechanism of renal failure in leptospirosis has not been fully studied, but
studies have been conducted in a hamster model where it was shown that after

the intraperitoneal inoculation of Leptospira, the route of entry is by penetration

of the capillary lumen into the kidney*'* (Figure 4), through the fenestrated

endothelium and then to the glomeruli. This occurs approximately after the first
two hours post-infection. It then enters the peritubular capillaries, migrating
and entering the interstitial tissue where, on days four to eight, it causes edema,
infiltrates the cells, and finally remains in the lumen of the proximal contoured
tube of the nephron after day ten, causing

Figure 3. The initial stages of infection by pathogenic leptospires.
Pathogenic leptospires enter through |acerated skin or intact oral,
nasal, or conjunctival mucosa. They migrate rapidly through the
dermis (connective tissue components collagen |, collagen I,
fibronectin, vitronectin and elastin) until reaching the endothelium.
Once there, they can destroy the endothelium or franslocate it and
penetrate the endothelial barier of the blood vessels to reach the
blood. Endothelial cells are activated after aggression or detection
of leptospires. Due fo this, and the detection of antimicrobial
peptides, an inflammatory response is initiated where cytokines
and leukocytes are involved. However, pathogenic spirochetes
have the ability fo evade the immune response through
components that bind and regulate the complement system.
Many innate immune system cells, such as macrophages, can
detect and phagocytize leptospires and release reactive oxygen
species (ROS) and reactive nitrogen species (RNS). However,
the bacteria can also sometimes survive and replicate within
macrophages and be released by apoptosis. They also have
proteases that help to degrade fissue or platelet clot, facilitating
microhemorthage in the tissues to acquire nufrients and
hematogenous spread towards several organs, and are able
to reach organs such as the lungs, liver, spleen, muscles, and
kidneys, ameng other organs. After several weeks, the bacteria
can be eliminated from the blood and most of the organs, except
for the kidney (the most important organ in leptospirosis) where
the spirochete lodges, persists and colonizes. The bacteria are
\ secreted for months in the urine, generating renal complications
bepadueencrinet™ | that can be fatal {Source: prepared by authors)

Figure 3.
The initial stages of infection by pathogenic leptospires. Pathogenic leptospires enter through lacerated skin

or intact oral, nasal, or conjunctival mucosa. They migrate rapidly through the dermis (connective tissue
components collagen I, collagen III, fibronectin, vitronectin and elastin) until reaching the endothelium.
Once there, they can destroy the endothelium or translocate it and penetrate the endothelial barrier
of the blood vessels to reach the blood. Endothelial cells are activated after aggression or detection
of leptospires. Due to this, and the detection of antimicrobial peptides, an inflammatory response is
initiated where cytokines and leukocytes are involved. However, pathogenic spirochetes have the ability
to evade the immune response through components that bind and regulate the complement system.
Many innate immune system cells, such as macrophages, can detect and phagocytize leptospires and
release reactive oxygen species (ROS) and reactive nitrogen species (RNS). However, the bacteria can
also sometimes survive and replicate within macrophages and be released by apoptosis. They also have
proteases that help to degrade tissue or platelet clot, facilitating microhemorrhage in the tissues to
acquire nutrients and hematogenous spread towards several organs, and are able to reach organs such
as the lungs, liver, spleen, muscles, and kidneys, among other organs. After several weeks, the bacteria
can be eliminated from the blood and most of the organs, except for the kidney (the most important
organ in leptospirosis) where the spirochete lodges, persists and colonizes. The bacteria are secreted for
months in the urine, generating renal complications that can be fatal (Source: prepared by authors)
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Figure 4. Interstitial tubule nephritis. The graph shows a cross-section of the kidney. Note that the zoomed porfions are added for presentation purpases, like in the
proximal contoured tube where the membrane-bound leptespires are frequently found, as well as the bacterium where the increased bacterial membrane is observed,
and where the main factors of virulence of the spirochete are observed. It also represents the main cells of the immune system. The lesion commonly eccurs fram
direct damage by the bacteria through virulence factors and the exacerbation of immune response 1o the tissue causing interstitial tubule nephritis, and ultimately
tubular necrosis (Source: prepared by authors).
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Interstitial tubule nephritis. The graph shows a cross-section of the kidney. Note that the zoomed portions are

added for presentation purposes, like in the proximal contoured tube where the membrane-bound leptospires are

frequently found, as well as the bacterium where the increased bacterial membrane is observed, and where the main

factors of virulence of the spirochete are observed. It also represents the main cells of the immune system. The lesion

commonly occurs from direct damage by the bacteria through virulence factors and the exacerbation of immune

response to the tissue causing interstitial tubule nephritis, and ultimately tubular necrosis (Source: prepared by authors

interstitial nephritis and being associated with microvascular lesions,

especially in the corticomedullary area.'®** Nonoliguric acute renal damage
(AKT, acute kidney injury), with or without normokalemia, is frequent in cases
of leptospirosis, and if it is accompanied by an increase in blood potassium levels,
its presentation is more severe.”>**This narrative review presents the association
of kidney disease with some virulence factors that have been reported as more
relevant in leptospirosis (Figure 4)

Immune response and virulence factors associated with renal damage by
Leptospira In Leptospira, the outer membrane is made up of antigenic
components and virulence factors such as lipoproteins, lipopolysaccharides,
and peptidoglycans.**>**The outer membrane of spirochetes and gram-negative

bacteria serves as a permeability barrier.”’ In the case of Leptospira, after leaving
general circulation, it is in contact with the cells of the proximal tubular region
(Figure 4).

Pathophysiological observations suggest that these components of the outer

membrane may play a fundamental role in the pathogenesis of leptospirosis.27

Some endotoxins located in this membrane may be responsible for affecting host
immunity, which could cause renal failure in patients. Due to its location on the
cell surface, the OMP’s (Outer Membrane Proteins) of Leptospira, are probably
important in virulence and host-pathogen interactions, impairing tubular
function and producing inflammation.5 Several OMP’s (LipL32, LipL21,
LipL45, LipL31, OmpL1, Flagellin/FlaB1, LipL36, LipL41, LipL71, LipL25
LigA, among others) of pathogenic Leptospires have been described and located
in the proximal tubules and the interstitium of animals5,26 (Figure 4). OMP
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’s activate the Tumor Necrosis Factor-alpha TNF-o, in addition to interleukin
IL-1B, which is a potent immunological proinflammatory cytokine.?¢*%2%3031

Leptospira OMPs produce renal tubular damage and inflammation through
the toll-like innate immunity receptor dependent pathway (TLR).* Leukocyte
cells activate Nuclear transcription Factor-kappa B (NFKf) and Mitogen-
Activated Kinase Proteins (MAPK), synthesizing transcription factors for the
synthesis and differential induction of chemokines and cytokines essential
for tubular inflammation.’’*** They can also activate the fibrosis pathway
associated with the transforming growth factor-beta/Smad that accumulates

on the extracellular matrix.>* Renal leptospirosis disease is, therefore, a model

to understand how pathogen-induced tubulointerstitial nephritis and fibrosis

OCCllI‘.S’35

The LipL32 external membrane lipoprotein has been identified as being
a potent virulence factor and being highly conserved in all pathogenic
leptospires. This virulence factor induces interstitial tubule necrosis and
nephritis. Immunohistochemical tests have confirmed intense reactivity of
LipL32 in proximal tubules of the hamster kidneys, demonstrating that it is a

potent immunogen protagonist during renal infection in leptospirosis® (

4),

Lipl32 directly affects the proximal tubules, increasing the expression of

Figure

proinflammatory genes and proteins, the production of nitric oxide, and
the activation of T cells and TNF-a. Initial studies show that, in human
macrophages, these potent antigens bind to toll-like receptors (TLR2) in
the renal tubule tissue, inducing immune reaction and, ultimately interstitial

nephritis and tubular necrosis in the kidney.”

Few virulence factors involved in renal colonization have been experimentally
demonstrated, so their possible role in virulence is unknown; additionally, a
decrease in the colonization of pathogenic Leptospira has been visualized with

strut mutations in some genes such as HtpG, HbpA, and LruA.">® The virulence
factors LPS, which are involved in lipid synthesis, and HtpG, which is a probable
chaperone with unknown functions, are necessary to cause the disease in the
acute model of kidney injury of leptospirosis and are also essential in the
colonization of mouse kidneys. The HbpA virulence factor has as its function

the acquisition of iron,! and the LruA virulence factor is a lipoprotein whose
characteristic is that of an apolipoprotein APO Al type, necessary for the inverse

transport of cholesterol from the blood to the liver, but there is no defined

possible role in the virulence of pathogenic Leptospira. 15.30

Renal pathophysiological mechanisms in leptospirosis Interstitial tubular

nephritis is the most frequent pathological manifestation.' Clinically, in human

leptospirosis, an acute non-oliguric renal lesion with hypokalemia is observed,

and loss of magnesium and sodium usually occurs in human leptospirosis.”**®

In its early stages, leptospirosis generates characteristic nonoliguric acute renal
failure and hypokalemia due to a decrease in proximal sodium reabsorption,
with the resulting increase in sodium and potassium excretion at the distal level.
If leptospirosis is not treated at this stage, the patient will develop an oliguric

renal failure with acute tubular necrosis, which requires dialysis in most cases. ¢!
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Several pathophysiological mechanisms have been elucidated: hemodynamic
alterations, rupture of the basement membrane, hypovolemia due to loss of water
and electrolytes from vomiting, diarrhea, or loss of sensation due to fever, direct
injury to the glomerulus, vasculitis, and sometimes rhabdomyolysis.42 All of these
lead to interstitial nephritis with mononuclear infiltrates and acute epithelial
tubular necrosis. All the above are associated with elements that suggest renal cell

16,23,26,28 (Figure 4).

damage that is mediated by bacterial toxins

In animal models, the condition has been defined in two important ion
transporters. The first is the sodium/hydrogen exchanger 3 (NH3) located in
the proximal tubule of the nephron. An injury in this ion transporter explains
the high sodium excretion and, therefore, the polyuria in the initial phase of the
illness."*The second affected transporter is evidenced by the increased in the

expression of the sodium/potassium/2 chlorine transporter (NaK2Cl), which

is in the loop of Henle,?® as a countermeasure. Several authors* have indicated
oliguria, shock, platelet disease, plasma potassium> 4 mEq/L, plasma creatinine>
3 mg/dl, and abnormal thoracic auscultation as criteria of poor prognosis for
patients with leptospirosis. The evolution of renal failure due to leptospirosis is
versatile, in this, prognostic factors of each patient and the adequate supply of
specific treatment for pathogenic Leptospira played an important role. Cases of
acute anicteric renal failure can be self-limited and heal within a few days without
dialysis. From a general point of view, the nitrogen compounds in the blood and
thrombocytes are restored in two weeks, the protein in urine and the clearance of
creatinine in three months, and the urinary concentration in six months.>%2¢
Laboratory data As mentioned, in cases of leptospirosis, the kidneys are usually
the most affected 01rg;ms.1 This is evidenced in the clinical laboratory data of
patients with severe infections such as increased conjugated bilirubin, which
results mostly in jaundice.'*'* Mild thrombocytopenia is also evident,'”?*?! as
are changes in the urinary sediment (leukocytes, erythrocytes, hyaline or granular
cylinders), Haemoglobin and red cell counts,51,52 proteinuria in non-nephrotic
range, rhabdomyolysis, hypervolemia, in some cases pyuria and hematuria due to
damage in the glomerular endothelium, increased blood urea nitrogen (BUN),
increased creatinine levels, and increased protein in the urine.”* When water
intake is low due to nausea and frequent excretion of urine, combined, they can
cause severe dehydration. Patients are at risk of oliguria and renal failure which

is a frequent cause of death in areas where peritoneal dialysis or hemodialysis is

not available.'*3°

CONCLUSION

In the last ten years, significant advances have been made in understanding the
renal pathophysiology of leptospirosis, although much remains to be known.
The collection of articles compiled in this research topic shows progress in our
limited understanding of the pathogenesis and virulence factors involved in renal
damage due to Leptospira. This information will support the development of
new therapeutic approaches and clinical performance in renal failure caused by
Leptospira Finally, current genomic studies shed more and more light on the
most important aspects of its pathogenicity, and the analysis of its genome is
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one of the keys to elucidating this new knowledge and better understanding the

biology and virulence of this bacterium.'

REFERENCES

1. De Brito T, Silva AMG da, Abreu PAE. Pathology and pathogenesis of human
leptospirosis: a commented review. Rev Inst Med Trop Sao Paulo. 2018; 60:¢23.

2. Werts C. Murine Models for Leptospirosis Kidney Disease. In: Translational
Research in Biomedicine. 2019: 65-75.

3. Jamal Khan S, Bilal khattak M, Khan A. Leptospirosis: A disease with global
prevalence. ] Microbiol Exp. 2018; 6(5):219-21.

4. Yang C-W. Leptospirosis Renal Disease: Emerging Culprit of Chronic Kidney
Disease Unknown Etiology. Nephron. 2018;138(2):129-36.

5. Picardeau M. Virulence of the zoonotic agent of leptospirosis: still terra incognita?
Nat Rev Microbiol. 2017;15(5):297-307.

6. Villarreal Rafael Guillermo, Murillo Ramos Enderson, Ramirez Garcia Rene, Peldez
Sénchez Ronald Guillermo, Ruiz Lépez Freddy, Agudelo Luz Adriana, et al.
Brotes emergentes de leptospirosis del Amazonas colombiano. Rev Cubana Med
Trop.2019;71(1):1-12.

7. Yaslianifard S, Hoseini M, Yaslianifard S, Alimorad S. Renal Failure Due to Human
Leptospirosis; An Overview. Nephrourol Mon. 2018;10(3).

8. Fouts DE, Matthias MA, Adhikarla H, Adler B, Amorim-Santos L, Berg DE,
et al. What Makes a Bacterial Species Pathogenic?:Comparative Genomic
Analysis of the Genus Leptospira. Small PLC, editor. PLoS Negl Trop Dis.
2016;10(2):c0004403,

9. Guglielmini J, Bourhy P, Schiettekatte O, Zinini F, Brisse S, Picardeau M. Genus-
wide Leptospira core genome multilocus sequence typing for strain taxonomy and

global surveillance. Lin T, editor. PLoS Negl Trop Dis. 2019;13(4):¢0007374.

10. Guernier V, Goarant C, Benschop J, Lau CL. A systematic review of human and
animal leptospirosis in the Pacific Islands reveals pathogen and reservoir diversity.
Downs JA, editor. PLoS Negl Trop Dis. 2018;12(5):¢0006503.

11. Karpagam KB, Ganesh B. Leptospirosis: a neglected tropical zoonotic infection of
public health importance—an updated review. Eur J Clin Microbiol Infect Dis.
2020 ;39(5):835-46.

12. Temeiam N, Jareinpituk S, Phinyo P, Patumanond J, Srisawat N. Development
and Validation of a simple score for diagnosis of Leptospirosis at outpatient

departments. Day NP, editor. PLoS Negl Trop Dis. 2020;14(1):¢0007977.

13. Chaiwattanarungruengpaisan S, Suwanpakdee S, Sangkachai N, Chamsai T,
Taruyanon K, Thongdee M. Potentially Pathogenic Leptospira Species Isolated
from a Waterfall in Thailand. Jpn J Infect Dis. 2018;71(1):65-7.

14. Vincent AT, Schiettekatte O, Goarant C, Neela VK, Bernet E, Thibeaux R, et al.
Revisiting the taxonomy and evolution of pathogenicity of the genus Leptospira
through the prism of genomics. Martins EAL, editor. PLoS Negl Trop Dis.
2019;13(5):¢0007270.

15. Maresisin RA, Bartpho T, Bulach DM, Srikram A, Sermswan RW, Adler B, et al. Use
of a high-throughput screen to identify Leptospira mutants unable to colonize

the carrier host or cause disease in the acute model of infection. ] Med Microbiol.
2013;62(Pt_10):1601-8.

168



Rafael Guillermo Villarreal-Julio, et al. Narrative review of generalities of the genus Leptospira and its virulence factors associated w...

16. Casanovas-Massana A, Vincent AT, Bourhy P, Neela VK, Veyrier FJ, Picardeau M
et al. Leptospira dzianensis and Leptospira putramalaysiae are later heterotypic
synonyms of Leptospira yasudac and Leptospira stimsonii. Int J Syst Evol
Microbiol. 2021. doi: 10.1099/ijsem.0.004713 Importar imagen

17. Ko Al Goarant C, Picardeau M. Leptospira: the dawn of the molecular genetics era
for an emerging zoonotic pathogen. Nat Rev Microbiol. 2009;(10):736-47.

18. Kurilung A, Keeratipusana C, Suriyaphol P, Hampson DJ, Prapasarakul N.
Genomic analysis of Leptospira interrogans serovar Paidjan and Dadas isolates
from carrier dogs and comparative genomic analysis to detect genes under positive
selection. BMC Genomics. 2019;20(1):168.

19. Wang S, Stobart Gallagher MA DN. Leptospirosis (Weil Disease) - StatPearls -
NCBI Bookshelf. reasure Isl StatPearls Publ. 2020.

20. Boey K, Shiokawa K, Rajeev S. Leptospira infection in rats: A literature review
of global prevalence and distribution. Day NP, editor. PLoS Negl Trop Dis.
2019;13(8):c0007499.

21. Kumar S, Lata KS, Sharma P, Bhairappanavar SB, Soni S, Das J. Inferring
pathogen-host interactions between Leptospira interrogans and Homo sapiens

using network theory. Sci Rep. 2019;9(1):1434.

22. Nair N, Guedes MS, Werts C, Gomes-Solecki M. The route of infection with
Leptospira interrogans serovar Copenhageni affects the kinetics of bacterial
dissemination and kidney colonization. Caimano MJ, editor. PLoS Negl Trop
Dis. 2020;14(1):60007950.

23.Villanueva SYAM, Saito M, Tsutsumi Y, Segawa T, Baterna RA, Chakraborty A, et
al. High virulence in hamsters of four dominant Leptospira serovars isolated from
rats in the Philippines. Microbiology. 2014;160(2):418-28.

24. Abreu PAE, Seguro AC, Canale D, Silva AMG da, Matos L do RB, Gotti
TB, et al. Lp25 membrane protein from pathogenic Leptospira spp. is
associated with rhabdomyolysis and oliguric acute kidney injury in a guinea
pig model of leptospirosis. Munoz-Zanzi C, editor. PLoS Negl Trop Dis.
2017;11(5):c0005615.

25. Al DP, Wilson-Welder JH, Bayles DO, Cameron C, Adler B, Bulach DM, et al.
Complete Genome Sequence of Leptospira interrogans Serovar Bratislava, Strain

PigK151. Genome Announc. 2015;3(3).
26. Araujo ER, Seguro AC, Spichler A, Magaldi AJ, Volpini RA, De Brito T. Acute

kidney injury in human leptospirosis: an immunohistochemical study with

pathophysiological correlation. Virchows Arch. 2010;456(4):367-75.

27. Xu J, Koizumi N, Nakamura S. Adhesivity and motility of a
zoonotic spirochete: Implications in host-dependent pathogenicity. bioRxiv.
2020;2020.02.11.944587.

28. Murray GL. The Molecular Basis of Leptospiral Pathogenesis. In: Current topics in
microbiology and immunology. Germany; 2015:139-85.

29. Fernandes LGV, Vieira ML, Kirchgatter K, Alves IJ, de Morais ZM, Vasconcellos
SA, etal. OmpL1 Isan Extracellular Matrix- and Plasminogen-Interacting Protein
of Leptospira spp. Camilli A, editor. Infect Immun. 2012;80(10):3679-92.

30. Monaris D, Sbrogio-Almeida ME, Dib CC, Canhamero TA, Souza GO,
Vasconcellos SA, et al. Protective Immunity and Reduced Renal Colonization
Induced by Vaccines Containing Recombinant Leptospira interrogans Outer
Membrane Proteins and Flagellin Adjuvant. Pascual DW, editor. Clin Vaccine
Immunol. 2015;22(8):965-73.

169



Revista Médica Hondureria, 2022, vol. 90, no. 2, July-December, ISSN: 0375-1112 / 1995-7068

31. Cagliero J, Villanueva SYAM, Matsui M. Leptospirosis Pathophysiology: Into the
Storm of Cytokines. Front Cell Infect Microbiol. 2018;8:204.

32. Chancharoenthana W, Leelahavanichkul A, Schultz MJ, Dondorp AM. Going
Micro in Leptospirosis Kidney Disease. Cells. 2022 Feb 16;11(4):698. doi:
10.3390/cells11040698 Importar imagen

33. Hsu SH, Yang CW. Insight into the Structure, Functions, and Dynamics of
theLeptospiraOuter Membrane Proteins with the Pathogenicity. Membranes
(Basel). 2022 Mar 7;12(3):300. doi: 10.3390/membranes12030300 Importar
imagen

34.Julio RGV, Agudelo-Flérez P, LépezJ A, Sinchez RGP. New molecular target for the
phylogenetic identification of Leptospira species directly from clinical samples: an
alternative gene to 16S rRNA. Rev Soc Bras Med Trop. 2020;53:¢20190333.

35. Chang M-Y, Cheng Y-C, Hsu S-H, Ma T-L, Chou L-F, Hsu H-H, et al. Leptospiral
outer membrane protein LipL32 induces inflammation and kidney injury in
zebrafish larvae. Sci Rep. 2016;6(1):27838.

Author notes

CES University, Graduate School, Molecular Biology Unit; Medellin, Colombia.

*BIOTECH MOLECULAR, Molecular, Genetic and Computational Biology Unit; Medellin,
Colombia.

3University of Antioquia, School of Medicine, Program for the Study and Control of Tropical Diseases
(PECET); Medellin, Colombia.

University of Antioquia, School of Medicine, Program for the Study and Control of Tropical Diseases
(PECET); Medellin, Colombia.

“University of Antioquia, School of Medicine, Integrated Laboratory of Specialized Medicine (LIME);
Medellin, Colombia.

CES University, Graduate School, Molecular Biology Unit; Medellin, Colombia.
>CES University, Faculty of Veterinary Medicine and Zootechnics; Medellin, Colombia

CES University, Graduate School, Molecular Biology Unit; Medellin, Colombia.
CES University, Graduate School, Molecular Biology Unit; Medellin, Colombia.

villarreal@udea.edu.co
Alternative link

htep://www.bvs.hn/RMH/pdf/2022/pdf/Vol90-2-2022-12.pdf (pdf)
https://revistamedicahondurena.hn/assets/Uploads/Vol90-2-2022-12.pdf

(pdf)
https://www.camjol.info/index.php/RMH/article/view/15201 (html)

170


http://www.bvs.hn/RMH/pdf/2022/pdf/Vol90-2-2022-12.pdf
https://revistamedicahondurena.hn/assets/Uploads/Vol90-2-2022-12.pdf
https://www.camjol.info/index.php/RMH/article/view/15201

