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INTRODUCTION
Leptospirosis is a globally distributed zoonotic disease caused by 
pathogenic Leptospira species and is spread from reservoir hosts, 
usually rodents, to humans through contaminated soil or water. 
Leptospirosis has a major negative influence on public health 
and is prevalent in tropical and subtropical areas of the world [1]. 
Initially, Leptospira was only classified into L. interrogans and L. 
biflexa, which clearly divide the pathogenic and non pathogenic 
species. Later on, these two classifications were further divided into 
specific serovars on the presences of homologous antigen (nearly 
60 serovars under L. biflexa and at least 225 serovars under L. 
interrogans) [2]. Leptospirosis is a common disease throughout the 
world, with an estimated one million infections and 60,000 deaths 
per year [3]. Because of their helical structure and characteristic 
hook ends, these organisms may be easily distinguished from other 
spirochaetes. With a thickness of roughly 0.1 to 0.15 µm and a length 
of 6 to 20 µm, they are long and thin [4]. Leptospires are aerobic 
and slow-growing organisms that are highly susceptible towards 
drought and hypertonic conditions [5]. Leptospira are Gram-negative 
spirochaetes with a protein-rich outer membrane and periplasmic 
flagella that enable motility and contribute to pathogenicity [6]. 
Pathogenic spirochaetes from the genus Leptospira are the source 
of the illness, and they can infect nearly all animals, humans, 
reptiles, and amphibians [7]. Leptospirosis presents with a broad 
spectrum of non specific clinical features, ranging from mild febrile 
illness to multiorgan failure. Because of this overlap, leptospirosis is 
often termed a “mysterious mimic” and is frequently misdiagnosed 
as other febrile illnesses such as dengue, malaria, scrub typhus, 
rickettsial infections, and melioidosis [8]. Additionally, leptospirosis 
has a major negative impact on the agriculture sector by resulting in 
cattle deaths, infertility, and abortions [9]. 

Leptospira differ from other spirochaetes such as Treponema and 
Borrelia by an atypical Lipopolysaccharide (LPS)-containing outer 
membrane that enables the surface expression of virulence factors, 
including Sphingomyelinase-2 (Sph2), involved in host cell damage, 
immune evasion, and diagnostic applications [10]. Leptospires are 

primarily extracellular pathogens that express multiple virulence 
factors during infection [2]. Despite extensive research, the 
pathophysiology of leptospirosis remains incompletely understood. 
The disease is thought to arise from host immune responses to high 
leptospiral burdens in blood and multiple organs, including the liver, 
lungs, kidneys, and cerebrospinal fluid [11]. Despite the current 
diagnostic techniques, non specific clinical symptoms hamper 
early Leptospiral diagnosis [6]. The Microscopic Agglutination Test 
(MAT) is the gold standard for diagnosing leptospirosis, but it has 
several limitations, including the need for a second serum sample, 
the need to keep live serovars, and the use of complex equipment 
like a dark-field microscope [12]. Additionally, during the first 
week of infection, other serological assays, like as Enzyme-Linked 
Immunosorbent Assay (ELISA) and immunochromatography-
based testing, are less sensitive. During the immunological phase, 
the sensitivity of direct detection by culture, dark-field microscopy, 
traditional Polymerase Chain Reaction (PCR), real-time PCR, 
and recently developed assays like Carbo-Lip and E-Lip 32 is 
reduced [13,14]. These investigations clearly demonstrate that the 
diagnostic tests that are already on the market have limitations 
of their own and that their precision in identifying leptospirosis 
is still lacking. Biomarkers detected in blood and urine samples 
play a vital role in diagnosis of infection and treatment follow-up 
[15]. Currently available diagnostics for leptospirosis are either 
based on biomarkers that indicate the presence of Leptospira 
or antibodies against Leptospira [16]. Leptospires generate a 
number of virulence factors when infected [2]. Sphingomyelinases 
are of great interest because of their potential to mediate key 
aspects of Leptospiral pathogenesis. Through their action on host 
cell membranes, leptospiral sphingomyelinases are potentially 
involved in aspects of pathogenesis, including tissue invasion, 
endothelial damage, immune evasion and nutrient acquisition 
[17]. Leptospiral sphingomyelinase haemolysin, expressed only 
by pathogenic Leptospira serovars, facilitates host cell lysis and 
nutrient acquisition, aiding bacterial survival and causing damage 
to the liver, kidneys, and lungs [18].
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ABSTRACT
Leptospiral Sphingomyelinase 2 (Sph2) is identified as one of the important virulence determinants and it is a potential biomarker 
in detecting leptospirosis at its initial stages. Empirical studies have proved that Sph2 is actively released in infection and its 
activity may be detected in serum and urine of patients. The presence of Sph2 in such biological fluids is an important diagnostic 
parameter that can be used to differentiate between leptospirosis and other febrile diseases that can have similar clinical features. 
Furthermore, clinical studies have shown that the levels of Sph2 in the urine of patients with a concurrent infection of dengue 
and leptospirosis double, which suggests its possible use in the endemic areas with both of these pathogens. The Sph2-based 
assays have demonstrated sensitivity ranging from 80.6% to 91% and specificities ranging from 67% to 100%, high and as 
compared to the traditional antibody-based assays, especially in the early stages of infection when humoral responses are yet 
to be developed. However, there are a few issues, such as strain-dependent fluctuations in the expression of Sph2 and the need 
to standardise detection protocols. Even with these limitations, integrating Sph2 detection into rapid and easy-to-use diagnostic 
tools- like lateral flow or biosensor-based assays- could significantly improve the early and accurate diagnosis of leptospirosis, 
particularly in resource-limited healthcare settings.
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loops and helices that matched those of SmcL and Bacillus cereus 
Sphingomyelinase (BC SMase), which were utilised as templates. 
A comparison of the full-length amino acid sequences revealed 
that the Leptospiral sphingomyelinases (as well as Pseudomonas 
sp. Thermostable Kinase 4 (TK4)) had a Ca-terminal extension 
of 186 amino acids, which was not present in other bacterial 
sphingomyelinases, as shown in [Table/Fig-2]. As a distinct cluster 
material, the four Leptospiral sphingomyelinases were clustered by 
phylogenetic analysis. In Sph1 (597 aa), Sph2 (638 aa), Sph3 (558 
aa), and SphH (554 aa), the entire exo-endo-phosphatase domain 
is present deletions in Sph4 (239 aa); the amino acids in the catalytic 
site (arrows), the hydrophobic loop (yellow), the solvent exposed 
loop (green], the P-loop (pink, with a double-headed arrow), and 
the-hairpin region (red) are all affected [21].

In this review, it is defined that leptospiral Sph2 is a versatile virulence 
determinant and that is at the centre of host-pathogen interaction, 
cellular injury, and immune modulation. The article highlights 
the future potential of Sph2 in the diagnostics and treatment of 
leptospirosis, as it has a high antigenicity in-vivo and it secretes a 
large quantity of Sph2 upon infection. It also compares the structural 
and functional characteristics that make Sph2 a good biomarker and 
a potential vaccine target. By synthesising the evidence on Sph2 
pathogenesis, diagnostics and immunology, this review provides 
a complete evaluation of Sph2 and translational applicability in 
developing strategies to deal with leptospirosis at early stages, 
through therapeutic intervention and preventive strategies.

Molecular and Structural Aspects of Sph2
Pathogenic Leptospiral organisms express a defined set of virulence 
determinants that are involved in the range of pathologies that these 
bacteria cause in the human host [19]. Sphingomyelin (SM) is an 
important constituent of eukaryotic cellular membranes, and the 
ability of bacteria to break down this phospholipid can, therefore, 
be implicated in the pathophysiology of infection. Both eukaryotes 
have a class of haemolysins called sphingomyelinases, which often 
function as toxins in the latter and are connected to phospholipid 
metabolism in the former [20]. Sphingomyelinases are one of these 
pathogenic agents that are linked to haemorrhagic complications in 
leptospirosis because they catalyse the hydrolysis of sphingomyelin in 
host cell membranes. Additionally, these compounds may play a role 
in nutrition acquisition and immunological evasion [17]. Pathogenic 
leptospires produce five sphingomyelinases (Sph1, Sph2, Sph3, Sph4, 
and Sphingomyelinase Haemolysin (SphH)), which are not present in 
non pathogenic L. biflexa [18]. The structural resemblance of Sph2, a 
Mg++ dependent haemolysin with shown sphingomyelinase activity, 
to Sphingomyelinase C-like protein (SMcL), the sphingomyelinase 
from L. ivanovii, stands out among these five proteins and the 
haemolytic process as shown in [Table/Fig-1]. The full-length amino 
acid sequences are compared demonstrating that the Leptospiral 
sphingomyelinases had a 186-amino acid C-terminal extension [21].

The Leptospiral sphingomyelinases’ 3D structure, as predicted by 
Insight II Modeler, was made up of a core sandwich architecture with 

[Table/Fig-1]:	 Predicted three-dimensional ribbon structure of Leptospiral Sph2 
with ceramide.

[Table/Fig-2]:	 L. interrogans serovar Lai Sph2 3D-structure.

Role of Sph2 in Pathogenesis
A potential virulence factor that is only produced by pathogenic 
Leptospira serovars is Leptospiral sphingomyelinase haemolysin. By 
facilitating cell lysis and obtaining vital nutrients, it is necessary for the 
pathogenic Leptospires’ survival inside the host. Sphingomyelinases 
also harm host tissues, especially the liver, kidneys, and lungs, 
which results in bleeding, jaundice, and renal failure [18,22]. 
Sphingomyelinases are likely released from leptospiral cells via type 
I or type II secretion pathways [21]. Sph2, a key virulence factor, 
causes host cell apoptosis and inflammatory tissue damage and 
serves as a diagnostic marker due to its early presence in infections 
[23]. Sphingomyelinases are one of these pathogenic agents 
that are linked to haemorrhagic complications in leptospirosis 
because they catalyse the hydrolysis of sphingomyelin in host cell 
membranes. Additionally, these compounds may play a role in 
nutrition acquisition and immunological evasion [24]. During in-vitro 
growth, a variety of Leptospira strains release sphingomyelinases 
and haemolysins [25]. The culture supernatant fluid of one Pomona 
strain co-purified with sphingomyelinase C activity showed a single 
peak of haemolytic activity by isoelectric focusing, indicating that 
sphingomyelinase is the cause of haemolysis [26]. Among the 
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leptospiral sphingomyelinase paralogs, Sph2 has been experimentally 
demonstrated to possess well-characterised sphingomyelinase C 
activity, cleaving sphingomyelin into phosphocholine and ceramide 
[21]. Although Sph1, Sph3, and Sph4 have also been reported to 
exhibit sphingomyelinase-like activity, their enzymatic properties and 
biological roles remain less well characterised than those of Sph2. 
[27]. The non pathogenic Leptospira biflexa lacks the genes that code 
for the sphingomyelinase-like proteins. Likewise, only pathogenic 
strains of Leptospira have been found to exhibit sphingomyelinase 
activity [28]. According to these findings, sphingomyelinase-like 
proteins are active during infection [Table/Fig-3] [18]. 

early stages of infection. Given the serious consequences following 
infection and the mortality rate following misdiagnosis, early detection 
of leptospirosis is essential [30]. Sph2, a key virulence factor, induces 
inflammatory tissue damage and host cell death. Because of its early 
onset in infections, it also acts as a diagnostic marker [31]. In addition 
to its diagnostic use, the high antigenicity of Sph2 could be harnessed 
in the development of a vaccine or treatment [31], however, more 
studies need to be done to standardise methods used in detection and 
confirm the reliability of the antigen in different Leptospira serovars.

CONCLUSION(S)
Sph2 has emerged as an important virulence factor and a 
promising biomarker that can greatly improve the early diagnosis 
of leptospirosis. Its appearance in the early stages of the infection, 
as well as its existence in serum and urine, makes it an important 
biomarker that can be used to detect the disease at the early 
stages before seroconversion. Its usefulness in endemic co-
infection areas is supported by elevated urinary Sph2 levels in 
patients with dengue-leptospirosis co-infection. It has been shown 
that diagnostic assays with the incorporation of Sph2 show better 
accuracy, sensitivity and reliability than the standard diagnostic 
techniques and thus have made clinical decision-making faster 
and more reliable. Introduction of Sph2 into easily accessible, 
point-of-care systems (i.e., rapid immunoassay kits or biosensor-
based systems) would make it easier to access early diagnosis in 
resource-constrained healthcare settings. On the whole, the use of 
Sph2-based diagnostic approaches can be seen as an important 
step in the faster, more accurate, and more affordable detection of 
leptospirosis, which will eventually result in better patient outcomes 
and allow managing outbreaks in endemic areas.

Authors’ contributions: MYK: contributed to the concept, design, 
literature search, manuscript preparation, and manuscript editing. 
AW: contributed to the concept, manuscript preparation, editing, 
and review. JR: contributed to the design, literature search, 
manuscript editing, and review. All authors read and approved the 
final version of the manuscript.

Acknowledgment
The authors acknowledge the use of an AI-assisted image generation 
tool for figure preparation.

REFERENCES
	 Bharti AR, Nally JE, Ricaldi JN, Matthias MA, Diaz MM, Lovett MA, et al. [1]

Leptospirosis: A zoonotic disease of global importance. Lancet Infect Dis. 
2003;3(12):757-71. 

	 Ferreira CA, Luiz, Raquel M, Sakamoto T. Genetic structure and diversity of the [2]
rfb locus of pathogenic species of the genus Leptospira. Life Science Alliance. 
2024;7(6):e202302478-8.

	 Costa F, Hagan JE, Calcagno J, Kane M, Torgerson P, Martinez-Silveira MS, et al. [3]
Global morbidity and mortality of leptospirosis: A systematic review. PLoS Negl 
Trop Dis. 2015;9(9):e0003898. 

	 Cameron CE. Leptospiral Structure, physiology, and metabolism. In: Adler B, [4]
editor. Leptospira and Leptospirosis [Internet]. Berlin, Heidelberg: Springer 
Berlin Heidelberg; 2015 [cited 2025 Sept 27]. p. 21-41. (Current Topics in 
Microbiology and Immunology; vol. 387). Available from: https://link.springer.
com/10.1007/978-3-662-45059-8_3.

	 Adler B, Lo M, Seemann T, Murray GL. Pathogenesis of leptospirosis: The [5]
influence of genomics. Vet Microbiol. 2011;153(1-2):73-81. Doi: 10.1016/j.
vetmic.2011.02.055.

	 Samrot AV, Sean TC, Bhavya KS, Sahithya CS, Chan-drasekaran S, Palanisamy [6]
R, et al. Leptospiral infection, pathogenesis and its diagnosis—A review. 
Pathogens. 2021;10(2):145. 

	 Plank R, Dean D. Overview of the epidemiology, microbiology, and pathogenesis [7]
of Leptospira spp. in humans. Microbes Infect. 2000;2(10):1265-76. 

	 Karpagam KB, Ganesh B. Leptospirosis: A neglected tropical zoonotic infection [8]
of public health importance- an updated review. Eur J Clin Microbiol Infect Dis. 
2020;39(5):835-46. 

	 Adler B, De La Peña Moctezuma A. Leptospira and leptospirosis. Vet Microbiol. [9]
2010;140(3–4):287-96. 

	 Bulach D, Adler B. Leptospiral genomics and pathogenesis. In: Adler B, [10]
editor. Spirochete biology: The post genomic era [Internet]. Cham: Springer 
International Publishing; 2018 [cited 2025 Sept 27]. p. 189-214. (Current Topics 
in Microbiology and Immunology; vol. 415). Available from: http://link.springer.
com/10.1007/82_2018_87.

[Table/Fig-3]:	 Pathogenic roles of leptospiral sphingomyelinases in haemorrhagic 
manifestations.

Leptospira-specific sphingomyelinases, which are only found in 
pathogenic Leptospira species, are frequently secreted in the 
urine of leptospirosis patients within a few days of the infection 
beginning. The structural and functional significance of Leptospiral 
sphingomyelinase Sph2 in the pathophysiology of leptospirosis is 
discussed here, along with the possibility of using urinary Sph2 
screening for diagnosis and the possibility of creating a quick 
and reasonably priced point-of-care test for urinary leptospiral 
sphingomyelinase Sph2 as a substitute for existing diagnostic 
techniques [29].

Sph2 as a Diagnostic Marker
Leptospirosis is significantly underdiagnosed due to its diverse 
symptoms, which range from mild febrile sickness to serious 
haemorrhage. Since leptospirosis’s clinical symptoms are so similar 
to those of other feverish illnesses, laboratory testing is a crucial and 
effective method of diagnosing the illness. The current diagnostic 
methods are laborious, necessitate specialised knowledge and 
advanced equipment, and are unable to detect the illness in its 



Mushrraf Yusuf Khan et al., Leptospiral Sph2: A Key Virulence and Diagnostic Factor	 www.jcdr.net

Journal of Clinical and Diagnostic Research. 2026 Aug, Vol-20(8): DE01-DE0444

	 Satiya J, Gupta NM, Parikh MP. Weil’s disease: A rare cause of jaundice. Cureus [11]
[Internet]. 2020 June 3 [cited 2025 Sept 27]; Available from: https://www.cureus.
com/articles/33189-weils-disease-a-rare-cause-of-jaundice.

	 Sellors P, Watson RF, Bate R, Bentham GL, Haigh K. Clinical features and severity [12]
of leptospirosis cases reported in the Hawke’s Bay region of New Zealand. J Trop 
Med. 2021;2021:5567081. 

	 Goris MGA, Leeflang MMG, Loden M, Wagenaar JFP, Klatser PR, Hartskeerl [13]
RA, et al. Prospective evaluation of three rapid diagnostic tests for diagnosis of 
human leptospirosis. PLoS Negl Trop Dis. 2013;7(7):e2290. 

	 Bhatia M, Umapathy B, Navaneeth B. An evaluation of dark field microscopy, [14]
culture and commercial serological kits in the diagnosis of leptospirosis. Indian J 
Med Microbiol. 2015;33(3):416-21. 

	 Nimse SB, Sonawane MD, Song KS, Kim T. Biomarker detection technologies [15]
and future directions. The Analyst. 2016;141(3):740-55. 

	 Widiyanti D, Koizumi N, Fukui T, Muslich LT, Segawa T, Villanueva SYAM, et [16]
al. Development of immunochromatography-based methods for detection 
of leptospiral lipopolysaccharide antigen in urine. Clin Vaccine Immunol. 
2013;20(5):683-90. 

	 Narayanavari SA, Sritharan M, Haake DA, Matsunaga J. Multiple leptospiral [17]
sphingomyelinases (or are there?). Microbiology. 2012;158(5):1137-46. 

	 Picardeau M, Bulach DM, Bouchier C, Zuerner RL, Zidane N, Wilson PJ, et al. [18]
Genome sequence of the saprophyte leptospira biflexa provides insights into 
the evolution of leptospira and the pathogenesis of leptospirosis. PLoS ONE. 
2008;3(2):e1607. 

	 Levett PN. Leptospirosis. Clin Microbiol Rev. 2001;14(2):296-326. [19]
	 Goñi FM, Alonso A. Sphingomyelinases: Enzymology and membrane activity. [20]

FEBS Lett. 2002;531(1):38-46. 
	 Narayanavari SA, Kishore NM, Sritharan M. Structural analysis of the leptospiral [21]

sphingomyelinases: In silico and experimental evaluation of Sph2 as an Mg++-
dependent sphingomyelinase. Microb Physiol. 2012;22(1):24-34. 

	 Monahan AM, Callanan JJ, Nally JE. Review Paper: Host-pathogen interactions [22]
in the kidney during chronic leptospirosis. Vet Pathol. 2009;46(5):792-99. 

	 Che R, Ding S, Zhang Q, Yang W, Yan J, Lin X. Haemolysin Sph2 of [23]
Leptospira interrogans induces cell apoptosis via intracellular reactive oxygen 
species elevation and mitochondrial membrane injury. Cell Microbiol. 2019 
Jan;21(1):e12959. 

	 Guégan R, Camadro J, Saint Girons I, Picardeau M. [24] Leptospira spp. possess 
a complete haem biosynthetic pathway and are able to use exogenous haem 
sources. Mol Microbiol. 2003;49(3):745-54. 

	 Xuan ZY, Geng Y, Bi B, Yong HJ, Fu WC, Kui GX, et al. Identification and [25]
classification of all potential haemolysin encoding genes and their products 
from Leptospira interrogans serogroup Icterohaemorrhagiae serovar Lai1. Acta 
Pharmacol Sin. 2005;26(4):453-61. 

	 Bernheimer AW, Bey RF. Copurification of [26] Leptospira interrogans serovar pomona 
haemolysin and sphingomyelinase C. Infect Immun. 1986;54(1):262-64. 

	 Kasarov LB. Degradation of the erythrocyte phospholipids and haemolysis of [27]
the erythrocytes of different animal species by leptospirae. J Med Microbiol. 
1970;3(1):29-37. 

	 Ashaiba A, Arun AB, Prasad KS, Tellis RC. Leptospiral sphingomyelinase Sph2 [28]
as a potential biomarker for diagnosis of leptospirosis. J Microbiol Methods. 
2022;203:106621. 

	 Pinne M, Matsunaga J, Haake DA. Leptospiral outer membrane protein [29]
microarray, a novel approach to identification of host ligand-binding proteins. J 
Bacteriol. 2012;194(22):6074-87. 

	 Sethi G, Kim YK, Han SC, Hwang JH. Designing a broad-spectrum multi-epitope [30]
subunit vaccine against leptospirosis using immunoinformatics and structural 
approaches. Front Immunol. 2025;15:1503853. 

	 Ataides LS, De Moraes Maia F, Conte FP, Isaac L, Barbosa AS, Da Costa Lima-[31]
Junior J, et al. Sph2(176–191) and Sph2(446–459): Identification of B-Cell linear 
epitopes in Sphingomyelinase 2 (Sph2), naturally recognized by patients infected 
by pathogenic leptospires. Vaccines. 2023;11(2):359.

PARTICULARS OF CONTRIBUTORS:
1.	 PhD Scholar, Department of Microbiology, Jawaharlal Nehru Medical College, Datta Meghe Institute of Higher Education and Research, Wardha, Maharashtra, India.
2.	 PhD Scholar, Department of Microbiology, Jawaharlal Nehru Medical College, Datta Meghe Institute of Higher Education and Research, Wardha, Maharashtra, India.
3.	 Associate Professor and In-charge Department of Central Research Laboratory and Molecular Diagnostics, Datta Meghe Institute of Higher Education and Research, 

Sawangi (Meghe), Wardha, Maharashtra, India.

PLAGIARISM CHECKING METHODS: [Jain H et al.]

•  Plagiarism X-checker: Nov 01, 2025
•  Manual Googling: Jun 13, 2026
•  iThenticate Software: Jun 15, 2026 (5%)

Etymology: Author OriginNAME, ADDRESS, E-MAIL ID OF THE CORRESPONDING AUTHOR:
Dr. Jaishriram Rathored,
Associate Professor and In-charge Department of Central Research Laboratory 
and Molecular Diagnostics, Datta Meghe Institute of Higher Education and 
Research, Sawangi (Meghe), Wardha, Maharashtra, India.
E-mail: jaishriz@gmail.com

Date of Submission: Oct 31, 2025
Date of Peer Review: Dec 27, 2025
Date of Acceptance: Jun 17, 2026

Date of Publishing: Aug 01, 2026

Author declaration:
•  Financial or Other Competing Interests:  None
•  Was informed consent obtained from the subjects involved in the study?  NA
•  For any images presented appropriate consent has been obtained from the subjects.  NA

Emendations: 6

http://europeanscienceediting.org.uk/wp-content/uploads/2016/11/ESENov16_origart.pdf

