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Leptospirosis is a reemerging infectious disease that is underdiagnosed and under-recognized due to low-sensitivity and cum-
bersome serological tests. Rapid reliable alternative tests are needed for early diagnosis of the disease. Considering the impor-
tance of the pathogenesis-associated leptospiral LigA protein expressed in vivo, we have evaluated its application in the diagno-
sis of the acute form of leptospirosis. The C-terminal coding sequence of ligA (ligA-C) was cloned into pET15b and expressed in
Escherichia coli. Furthermore, the B-cell-specific epitopes were predicted and were synthesized as peptides for evaluation along
with recombinant LigA-C. Epitope 1 (VVIENTPGK), with a VaxiJen score of 1.3782, and epitope 2 (TALSVGSSK), with a score of
1.2767, were utilized. A total of 140 serum samples collected from leptospirosis cases during the acute stage of the disease and
138 serum samples collected from normal healthy controls were utilized for evaluation. The sensitivity, specificity, positive pre-
dictive value, and negative predictive value were calculated for the recombinant LigA-C-specific IgM enzyme-linked immunosor-
bent assay (ELISA) and were found to be 92.1%, 97.7%, 92.8%, and 97.5%, respectively. Epitopes 1 and 2 used in the study
showed 5.1 to 5.8% increased sensitivity over recombinant LigA-C in single and combination assays for IgM antibody detection.
These findings suggest that these peptides may be potential candidates for the early diagnosis of leptospirosis.

Leptospirosis is a worldwide zoonotic disease affecting humans
in rural and urban settings and in industrialized and develop-

ing countries. It is also an important public health problem in
many parts of India and causes epidemics, especially after natural
disasters such as floods and heavy monsoons (1). It is caused by
spirochetes of the genus Leptospira, a group of bacteria that are
morphologically, physiologically, metabolically, antigenically,
and genetically distinct from other microorganisms. Clinical
manifestations of acute leptospirosis range from mild febrile ill-
ness to more severe icteric Weil’s disease, which is characterized by
renal and liver failure. Globally, 300,000 to 500,000 humans are
affected by leptospirosis annually, according to International Lep-
tospirosis Society global data collection (2). Leptospirosis is un-
derdiagnosed for many reasons, including difficulty in distin-
guishing clinical signs from those of other endemic diseases and a
lack of appropriate diagnostic laboratory services (3). Misdiagno-
sis of leptospirosis leads to severe complications including kidney
damage, liver failure, respiratory distress, and meningitis leading
to death.

The diagnosis of leptospirosis by the microscopic agglutina-
tion test (MAT) and Leptospira culture can be performed only by
reference laboratories and requires specially trained personnel to
interpret the results. Moreover, the MAT requires paired serum
samples to achieve sufficient sensitivity. The sensitivity of other
rapid and less complicated serological techniques, such as the
Lepto dipstick assay, the Lepto Dri Dot test, and immunofluores-
cence assays, is insignificant, especially during the early phase of
the disease (4). Most of these assays employ antigens from non-
pathogenic Leptospira biflexa strain Patoc I and detection by cross-
reactivity with repeating disaccharides of lipopolysaccharide (5).
Molecular methods, including conventional and real-time PCR
assays, were used to overcome the aforementioned diagnostic dif-
ficulties. However, the molecular methods are unaffordable due to
the need for specialized equipment and expensive reagents that are
not available during outbreak situations in the field and for rou-
tine diagnosis.

Recombinant antigen-based serological tests are being devel-
oped for spirochetal infections such as Lyme disease and syphilis
(6, 7). Recently, recombinant proteins of Leptospira, including
LipL32, LigA, LigA-C, and Hsp60, were widely characterized for
their diagnostic and immunogenic potential (3, 8–11). Several
studies have emphasized surface-exposed or secreted leptospiral
proteins to induce better humoral immune responses in humans
(12, 13). Such surface-exposed immunoreactive proteins can thus
play a major role in the diagnosis of leptospirosis.

After leptospiral infection, the host produces antibodies to a
myriad of bacterial antigens expressed constitutively or expressed
in vivo. Antibodies to the latter antigens are the diagnostic targets
of antibody-based assays for early diagnosis, especially during the
acute phase of the illness. The antigens that are expressed in vivo
interact with the immune system and prime an immune response
to eliminate leptospires. Antibody responses peak during the
acute phase of infection. In contrast, antibodies to whole-cell
lysates and constitutively expressed proteins continue to be pres-
ent at high titers. Similar results have been observed with the p35
and p37 proteins of Borrelia burgdorferi, which are expressed in
vivo (14). Among various Leptospira antigens expressed in vivo,
the immunoglobulin-like proteins LigA and LigB are found only
on the surface of freshly or recently isolated pathogenic Leptospira
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species (9, 10). The free-living nonpathogenic Leptospira species
strains do not have LigA, and pathogenic counterparts that have
been maintained in long-term culture in Ellinghausen-Mc-
Cullough-Johnson-Harris (EMJH) medium may lose the ability
to express Lig proteins (9, 10, 15).

In this regard, testing based on such surface-expressed proteins
provides an alternative method for the diagnosis of leptospirosis.
Several attempts to standardize the serological tests for leptospi-
rosis based on recombinant Lig proteins have been made (3, 16),
but considerable variations in sensitivity and specificity have been
obtained. To overcome this disadvantage, peptide-based enzyme-
linked immunosorbent assays (ELISAs) would be ideal for the
serodiagnosis of leptospirosis. The highly conserved peptides of
immunogenic proteins provide the advantage of enhanced speci-
ficity and can be easily implemented in a simple, rapid, sensitive,
relatively inexpensive diagnostic kit.

The purpose of the present study was to compare the perfor-
mance of five different ELISAs for the serological diagnosis of
leptospirosis. ELISAs based on recombinant LigA-C (rLigA-C), a
whole-cell lysate of Leptospira interrogans serovar Australis, syn-
thetic epitope 1, epitope 2, and a combination of epitopes 1 and 2
were evaluated. This study was performed with a panel of human
serum samples collected from patients with clinical diagnoses of
leptospirosis.

MATERIALS AND METHODS
Leptospira cultures and microscopic agglutination test. A panel of 12
reference strains were used for the MAT, including the following sero-
groups: Australis (serovar Australis, strain Ballico), Autumnalis (serovar
Autumnalis, strain Akiyami A), Ballum (serovar Ballum, strain Mus 127),
Bataviae (serovar Bataviae, strain Swart), Canicola (serovar Canicola,
strain Hond Utrecht IV), Icterohaemorrhagiae (serovar Icterohaemor-
rhagiae, strain RGA), Grippotyphosa (serovar Grippotyphosa, strain
Moskva V), Hebdomadis (serovar Hebdomadis, strain Hebdomadis), Ja-
vanica (serovar Poi, strain Poi), Pomona (serovar Pomona, strain
Pomona), Sejroe (serovar Hardjo, strain hardjoprajitno), and Pyrogenes
(serovar Pyrogenes, strain Salinem). In addition to the reference strains,
the clinical isolates and the nonpathogenic strain Patoc I of serovar Sema-
ranga were maintained. Clinical isolates included serovar Canicola of se-
rogroup Canicola, serovar Icterohaemorrhagiae of serogroup Icterohae-
morrhagiae, and serovar Javanica of serogroup Javanica. Leptospiral
reference strains and isolates were maintained in EMJH medium at the
Medical Microbiology Laboratory, Bharathidasan University (Tiruchi-
rappalli, India). The MAT was performed using 7-day-old cultures grown
at 30°C in EMJH medium (17).

Patients, case definitions, and ethics. In total, 140 serum samples
with MAT titers of �1:160 (see Table S1 in the supplemental material)
were selected from a bank of 476 laboratory-confirmed samples (positive
IgM ELISA results, isolation of leptospires from the blood, seroconver-
sion, or 4-fold titer increases) collected during the early phase of illness (0
to 10 days after the onset of disease) through an active hospital-based
surveillance program in Tiruchirappalli. A total of 138 seronegative
healthy controls selected from a group of cases matched with respect to
age (�5 years) and sex and 775 patients with diseases other than leptospi-
rosis were also included to study the efficiency of the ELISAs (Table 1).
Patients’ sera were analyzed from the following control groups: patients
with typhoid (n � 107), patients with malaria (n � 96), patients with
hepatitis (n � 110), patients with dengue (n � 86), and patients who were
hospitalized with clinical suspicion of leptospirosis and subsequently were
diagnosed as having another illness based on laboratory and radiological
evidence (n � 376). Written informed consent was obtained from both
case and control subjects before blood sampling. The study protocol was
approved by the institutional ethics committee of Bharathidasan Univer-

sity (DM/2007/101/373/Project 2) as well as permitted by the Directorate
of Health Services (ref. no. 5796/TV 1/07), Tamil Nadu. The serum sam-
ples obtained were stored at �80°C until use.

Cloning and expression of LigA-C. Primers ligA-C-F (5=-CCG CTC
GAG ACA GAG CAA GTC ACC TGG A-3=) and ligA-C-R (5=-CGC GGA
TCC TAT GGC TCC GTT TTA ATA GAG GC-3=), specific for the ligA
C-terminal region (positions 708 to 1,225), were designed using Primer 2
software (Scientific and Educational Software). Following PCR amplifica-
tion of chromosomal DNA from L. interrogans serovar Australis, strain
Ballico, amplicons of 1.5 kb were digested with XhoI and BamHI and
inserted into the pET15b plasmid (Novagen, Madison, WI), predigested
with the same restriction endonucleases, to generate the plasmid pET15b-
ligA-C. Successful cloning of the gene was confirmed by restriction endo-
nuclease analysis, colony PCR testing, and sequencing.

Recombinant plasmids were transformed into Escherichia coli
BL21(DE3) (Novagen, Madison, WI). Expression of His6-LigA-C was in-
duced with 1 mM isopropyl-�-D-thiogalactopyranoside (IPTG) when
cultures reached an optical density at 600 nm of 0.6, and cells were har-
vested after 2 to 3 h. Recombinant His-tagged proteins were isolated using
Talon metal affinity resin (Clontech Laboratories, Inc.) in buffer contain-
ing 8 M urea, according to the manufacturer’s recommendations. His6-
LigA-C was dialyzed against 10 mM Tris buffer (pH 7.5) containing 50
mM NaCl, and the purity of the recombinant protein was confirmed by
SDS-PAGE.

SDS-PAGE and immunoblotting. SDS-PAGE was performed on 10%
polyacrylamide gels using a discontinuous buffer system, as described
elsewhere (18). The affinity-purified proteins were mixed with 2� SDS-
PAGE sample loading buffer (125 mM Tris-HCl, 4% SDS, 2% glycerol,
1% �-mercaptoethanol, 0.5% bromphenol blue) and boiled for 5 min
before loading. Electrophoresis was carried out in a vertical electropho-
retic mini-cell unit (Bio-Rad, Hercules, CA), in Tris-glycine running buf-
fer (25 mM Tris, 192 mM glycine, 0.1% SDS [pH 8.3]), for 2 h at 120 V.
Proteins were transferred to nitrocellulose membranes (pore size, 0.2 �m;
Schleicher and Schuell, Keene, NH) and blocked with 4% nonfat dry milk
in Tris-buffered saline (20 mM Tris, 150 mM NaCl, 0.05% Tween 20 [pH
7.5]). Membranes were incubated with serum samples from patients or
hyperimmune sera raised in rabbits, followed by incubation with second-
ary antibody (anti-human IgG or anti-rabbit IgG conjugated with horse-
radish peroxidase [HRP]; Sigma, St. Louis, MO), and bands were visual-
ized by using 4-chloro-�-naphthol (Sigma, St. Louis, MO).

Prediction of LigA-C-specific B-cell epitopes. Protein sequences of
cloned ligA from the L. interrogans serovar Australis, strain Ballico, were
retrieved from NCBI and subjected to BCPreds analysis (19). BCPreds
identifies common B-cell epitopes. Epitopes with BCPreds scores of 	0.8
and VaxiJen scores of 	0.4 were predicted to be highly immunogenic
epitopes.

Peptide synthesis and purification. The peptides listed were synthe-
sized by the solid-phase method using 9-fluorenylmethoxy carbonyl
(Fmoc) chemistry on a solid support of rink amide 4-methyl-benzhydryl-

TABLE 1 Case definitions and groupings of the patients included in the
study

Group Description No. of cases

a Clinically suspected laboratory-confirmed
leptospirosisa

140

b Clinically suspected laboratory-negative
leptospirosisb

439

c Seronegative healthy controls 138
d Typhoid 107
e Malaria 96
f Hepatitis 110
g Dengue fever 86
a Confirmed cases of leptospirosis.
b Clinically suspected but serologically negative.
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amine resin. Then, 0.1 M N-hydroxybenzotriazole (HOBt) and 0.45 M
2-(1H-benzotriazole-1-yl)-1,1,3,3-tetramethyluroniumhexafluoropho-
sphate (HBTU) in dimethylformamide (DMF) and 2 M N,N-diisopropyl-
ethylamine (DIEA) in N-methylpyrrolidone (NMP) were used as cou-
pling reagents, and 10-fold excess Fmoc-amino acid was added during
every coupling cycle. Following a final deprotection step with a solution of
20% piperidine in DMF and cleavage with a mixture of trifluoroacetic acid
(TFA), water, and triisopropylsilane (90:5:5) for 2 h at room temperature
(20), the crude peptides were repeatedly extracted with diethyl ether and
purified using reverse-phase preparative high-performance liquid chro-
matography (HPLC) on a C18 column (Capcell Pak C18 ACR, 30 by 250
mm; Shiseido, Japan). The molecular masses of the peptides were con-
firmed by using matrix-assisted laser desorption ionization mass spec-
trometry (see Fig. S1 in the supplemental material). The purity of all
peptides was found to be 	95%. Peptides were synthesized with biotin at
the N terminus, linked to the peptide sequence through a spacer sequence
of SGSG, to improve the solubility of the peptide and the ease of perform-
ing ELISAs.

Enzyme-linked immunosorbent assays. Whole-cell lysates were pre-
pared by heat extraction, as described previously (21). Checkerboard
titrations were performed to determine the optimal concentrations of
whole-cell lysate, recombinant LigA-C, and LigA-C-specific peptides
(22). A total of 0.2 �g of whole-cell lysate or recombinant protein per well
was coated on flat-bottom polystyrene microtiter plates at 4°C overnight,
using carbonate coating buffer (pH 9.6), followed by blocking with 4%
nonfat dry milk. Serum samples (1:200) in triplicate were added and in-
cubated for 1 h at 37°C. Bound IgM was detected using HRP-conjugated
rabbit anti-human IgM (Sigma-Aldrich, St. Louis, MO) at a dilution of
1:8,000. Plates were developed with o–phenylenediamine (Sigma-Aldrich,
St. Louis, MO). The reaction was stopped with the addition of 50 �l of 1 N
H2SO4, and the optical density was measured at 490 nm (Bio-Rad).

The peptides were screened for reactivity as described previously (23).
The wells of plates were coated with streptavidin (0.5 �g in 100 �l H2O),
washed, and blocked with 4% milk powder. Triplicate aliquots (100 �l) of
each peptide diluted 1:1,000 in phosphate-buffered saline (PBS) (pH 7.4)
with 0.1% Tween 20 (PBS-T) were added to the wells. Following a PBS-T
wash, 100 �l of serum diluted (1:200) in PBS in triplicate was incubated
with each peptide for 2 h, and the wells were washed again and incubated
with HRP-conjugated rabbit anti-human IgM (1:8,000; Sigma-Aldrich,
St. Louis, MO).

Polyclonal antisera. Polyclonal antisera were raised in New Zealand
White rabbits by subcutaneous administration of 1 �l of N-acetylmu-
ramyl-L-alanyl-D-isoglutamine (Sigma, St. Louis, MO) and 100 �g of re-
combinant protein (rLigA-C) adsorbed to aluminum hydroxide (Alhy-
drogel; Accurate Chemical & Scientific Corp., Westbury, NY). Booster
injections containing 100 �g of the antigen were administered 14 and 28
days after the primary immunization. Serum was obtained 35 days after
the primary immunization (24).

Data analysis. Data were analyzed with SPSS and GraphPad Prism
version 5.0 (GraphPad, San Diego, CA) software. Cutoff values for ELISAs
were determined to be the mean 
 2 SD. LigA and peptide sequences were
analyzed using CLC Main Workbench (version 6.8.1).

Nucleotide sequence accession number. The nucleotide sequence
obtained from the plasmid pET15b-ligA-C was submitted to GenBank
with accession number JQ317187.

RESULTS
Sequence analysis of LigA-C. Sequencing and BLASTN analysis
of the amplified ligA-C fragments revealed a 1,557-bp sequence
between bp 2214 and 3771 of the full-length ligA sequence
(GenBank accession number AF368236). The sequence showed
100% similarity with Leptospira interrogans serovar Pomona
(GenBank accession numbers EU700270, U95056, FJ030917, and
AF368236) and L. interrogans strain Kito (GenBank accession
number EU700267); ligA-C encodes a protein of 517 amino acids

with a predicted molecular mass of 58 kDa that shares sequence
identity with LigA of other leptospires, including L. interrogans
serovars Pomona (GenBank accession number ACH89909)
(99.6%), Copenhageni (GenBank accession number AAS69086)
(60%), and Lai (GenBank accession number ACK58260) (100%).

Overexpression, purification, and immunoblot analysis of
recombinant LigA-C. Figure S2A in the supplemental material
shows the SDS-PAGE profile of recombinant LigA-C with expres-
sion induced by 1.0 mM IPTG. The apparent molecular mass (58
kDa) of the purified recombinant protein, as determined by SDS-
PAGE, was consistent with the molecular mass predicted from the
amino acid composition (see Fig. S2B in the supplemental mate-
rial). In an immunoblot analysis, polyclonal rabbit antibodies
against recombinant LigA-C reacted with a protein of 58 kDa.
Immunoblots developed with pooled MAT-positive patient sera
showed reactivity for recombinant LigA-C (see Fig. S2C in the
supplemental material). No reactivity was observed on immuno-
blots probed with MAT-negative patient sera.

Prediction of B-cell epitopes. In total, six peptides were pre-
dicted to be immunogenic, of which two peptides, with sequences
of VVIENTPGK (epitope 1) and TALSVGSSK (epitope 2) and
VaxiJen scores of 1.3782 and 1.2767, respectively, were selected for
synthesis and ELISA validation. The epitopes were predicted to lie
in the C-terminal region at positions 1084 to 1092 (epitope 1) and
1189 to 1197 (epitope 2). The conservation of the epitopes was
determined by multiple sequence alignment. The LigA sequences
of L. interrogans serovar Copenhageni strain Fiocruz L1-130
(GenBank accession number AAS69086), L. interrogans serovar
Pomona (GenBank accession number ACH89909), L. interrogans
serovar Icterohaemorrhagiae (GenBank accession number
ACU87695), L. interrogans serovar Australis (GenBank accession
number AFG28560), L. interrogans serovar Lai strain Lai
(GenBank accession number ACK58260), L. interrogans serovar
Kennewicki (GenBank accession number ACH98097), and Lepto-
spira kirschneri serovar Grippotyphosa (GenBank accession num-
ber AAP04735) were retrieved from GenBank and analyzed with
the BioEdit sequence alignment editor (version 7.1.3.0). The two
epitopes were found to be highly conserved among different sero-
vars of L. interrogans and between L. interrogans and L. kirschneri
species (Fig. 1). Antibodies to these epitopes were readily detected
in human sera in the format of epitope-blocking ELISA.

LigA-C-, epitope 1-, and epitope 2-based IgM ELISAs. The
overall results of the recombinant LigA-C-, epitope 1-, and
epitope 2-based ELISAs are shown in Table 2 and Fig. 2A, B, C,
and D. The mean 
 2 SD absorbance values for seronegative
healthy individuals were defined as the cutoff values to achieve
diagnostic specificity of the ELISAs in comparison with the MAT.
The cutoff values were determined to be 0.209 for whole-cell
lysate, 0.205 for rLigA-C, 0.190 for epitope 1, 0.191 for epitope 2,
and 0.194 for the combination of epitope 1 and epitope 2. The
ELISAs demonstrated sensitivity and specificity values of 85.2%
and 85.7% for whole-cell lysate, 92.1% and 97.7% for rLigA-C,
97.1% and 98.2% for epitope 1, 97.9% and 98.4% for epitope 2,
and 97.9% and 99.1% for epitopes 1 and 2, respectively, in serum
samples from confirmed cases of leptospirosis.

DISCUSSION

Leptospirosis is recognized as a globally reemerging public health
problem; in humans, this disease may be fatal due to the potential
damage to multiple organs such as liver, lung, kidney, and brain
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(25). The search for new tools for the diagnosis and treatment of
leptospirosis, especially an early sensitive and reliable diagnostic
test, would improve patients’ quality of life (26), as L. interrogans
can rapidly disseminate to multiple organs and cause multiorgan
system complications, including jaundice, meningitis, pulmonary
hemorrhage, hepatic and renal dysfunction, and cardiovascular
collapse. Therefore, it is important to identify novel candidate
antigens to improve diagnostic methods to assist in early treat-
ment.

Recently, the improved serological diagnosis of leptospirosis
has been targeted with recombinant proteins. This may achieve
high sensitivity and specificity because of the high concentrations
of immunogenic antigens and specific antigenic moieties in the
purified fractions (27). The identification and characterization of
a new family of Big domain proteins (bacterial immunoglobulin-
like proteins), referred to as Lig proteins, in pathogenic Leptospira
have been reported (8, 9). Previously published articles demon-
strated that LigA is unique to pathogenic Leptospira species and
that Leptospira-infected hosts produced antibodies to LigA (8, 9).
Furthermore, these proteins have been proved to be potential vac-
cine candidates for immunoprotection in infected hamster mod-
els (28). However, the diagnostic potential of these proteins in
human cases, especially during the acute stage of the illness, is
unconvincing. Previous reports on N-terminal recombinant Lig-
based Western blot analysis gave a specificity of 93%, owing to the
cross-reactivity of sera from patients with dengue fever, hepatitis,
Lyme disease, or positive VDRL test results (16). Similarly, Sri-
manote et al. (3) reported the diagnosis of human leptospirosis
using recombinant C-terminal LigA and described achievable
specificity values of 100% and 98% for IgG and IgM ELISAs, re-
spectively. In this regard, recombinant LigA-C is considered a
good antigen for detecting antibodies in the sera of patients with
suspected leptospirosis during the acute phase of the illness.

In this study, five different ELISAs were carried out to study the

sensitivity and specificity for samples collected during the acute
stage of leptospirosis. The C-terminal portion of ligA (bp 2214 to
3771) was cloned into pET15b and expressed in E. coli BL21(DE3).
The purified recombinant proteins were assayed for the detection
of IgM-specific antibodies, and the results were compared with
those for the whole-cell lysate and the predicted B-cell-specific
peptides alone and in combination. The IgM ELISAs specific for
the whole-cell lysate and recombinant LigA-C revealed sensitivity
values of 85.2% and 92.1%, respectively. Interestingly, the B-cell-
specific peptide-based ELISA showed increased sensitivity of
�98%, i.e., �13% and �6% higher than the values for the whole-
cell lysate- and recombinant LigA-C-specific ELISAs, respectively,
confirming the peptides as promising diagnostic candidates.

The whole-cell lysate-based ELISA offers reasonable sensitivity
and the possibility of handling many samples at one time; the
major drawback of this test system is the need for the maintenance
of live leptospires for antigen preparation. Moreover, the anti-
genic preparations are generally crude in nature and from a single
serovar, with lipopolysaccharide as the major antigenic compo-
nent. Since lipopolysaccharide is serovar specific, the antigens
may not detect antibodies produced against serovars other than
that used for antigen preparation, thus limiting the widespread
use of the assay (11). The full-length recombinant LigA-C can
serve as an effective reagent for immunodiagnostic testing with
multiple epitopes. However, the highly antigenic epitopes are bur-
ied in the complex structures of proteins and hence are unavail-
able for the induction of immunogenic responses, consequently
yielding reduced immune responses and decreased sensitivity in
ELISAs.

As a result, immunodiagnostic tests utilizing peptides offer
several advantages over diagnostic tests that rely on more-com-
plex biological materials. For instance, synthetic peptides repre-
sent chemically defined antigens and, because they are not derived
from biological material, assay standardization and validation are
often greatly simplified. Peptide reagents also offer flexibility in
terms of antigen specificity, including species-specific diagnostic
testing. Furthermore, by screening overlapping peptides within an
immunogenic protein, the highly specific epitopes can be main-
tained while peptide epitopes that are cross-reactive or that dem-
onstrate poor specificity are purged.

In conclusion, our results showed increased sensitivity and
specificity for peptide-based ELISAs for the diagnosis of human
leptospirosis during the early stage of the disease. Although diag-
nostic tests based on a single peptide may lack sensitivity in certain
cases due to the dependence on a single antibody epitope, the use
of elongated peptides or multiple peptides may reduce or elimi-

FIG 1 Conservation of the peptides among different serovars of Leptospira. The conservation of the epitopes was determined by multiple sequence alignment.
The LigA sequences of L. interrogans serovar Copenhageni strain Fiocruz L1-130 (GenBank accession number AAS69086), L. interrogans serovar Pomona
(GenBank accession number ACH89909), L. interrogans serovar Icterohaemorrhagiae (GenBank accession number ACU87695), L. interrogans serovar Aust-
ralis (GenBank accession number AFG28560), L. interrogans serovar Lai strain Lai (GenBank accession number ACK58260), L. interrogans serovar Kennewicki
(GenBank accession number ACH98097), and L. kirschneri serovar Grippotyphosa (GenBank accession number AAP04735) were analyzed with the BioEdit
sequence alignment editor. �, epitope conservation.

TABLE 2 Sensitivities, specificities, positive predictive values, and
negative predictive values for IgM ELISAs using whole-cell lysate, LigA-
C, epitope 1, epitope 2, and epitopes 1 and 2

Antigen Sensitivity (%) Specificity (%) PPVa (%) NPVb (%)

Whole-cell lysate 85.2 85.7 82.3 83.4
LigA-C 92.1 97.7 92.8 97.5
Epitope 1 97.1 98.2 94.4 99.1
Epitope 2 97.9 98.4 95.1 99.3
Epitopes 1 and 2 97.9 99.1 97.2 99.3
a PPV, positive predictive value.
b NPV, negative predictive value.

Leptospiral LigA Peptides for Leptospirosis Diagnosis

March 2014 Volume 21 Number 3 cvi.asm.org 357

http://www.ncbi.nlm.nih.gov/nuccore?term=AAS69086
http://www.ncbi.nlm.nih.gov/nuccore?term=ACH89909
http://www.ncbi.nlm.nih.gov/nuccore?term=ACU87695
http://www.ncbi.nlm.nih.gov/nuccore?term=AFG28560
http://www.ncbi.nlm.nih.gov/nuccore?term=ACK58260
http://www.ncbi.nlm.nih.gov/nuccore?term=ACH98097
http://www.ncbi.nlm.nih.gov/nuccore?term=AAP04735
http://cvi.asm.org


nate this potential problem in the near future. Thus, LigA-C pep-
tide-based ELISAs should be considered MAT alternatives in pri-
mary and secondary health care centers, not only because of their
simplicity and rapid performance but also because of their afford-
ability in developing countries where leptospirosis has been estab-
lished as an endemic disease.
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