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There is an urgent need for development of new serodiagnostic strategies for leptospirosis, an emerging zoo-
nosis with worldwide distribution. We have evaluated the diagnostic utility of five recombinant antigens in en-
zyme-linked immunosorbent assays (ELISAs) for serodiagnosis of leptospirosis. Sera from 50 healthy residents
of a high-incidence region were used to determine cutoff values for 96% specificity. In paired sera from 50 cases
of leptospirosis confirmed by the microscopic agglutination test, immunoglobulin G (IgG) but not IgM reacted
with the recombinant leptospiral proteins. The recombinant LipL32 IgG ELISA had the highest sensitivities
in the acute (56%) and convalescent (94%) phases of leptospirosis. ELISAs based on recombinant OmpL1,
LipL41, and Hsp58 had sensitivities of 16, 24, and 18% during the acute phase and 72, 44, and 32% during
convalescence, respectively. Compared to sera from healthy individuals, patient sera did not react significantly
with recombinant LipL36 (P > 0.05). Recombinant LipL32 IgG ELISA demonstrated 95% specificity among
100 healthy individuals, and specificities ranging from 90 to 97% among 30 dengue patients, 30 hepatitis
patients, and 16 patients with diseases initially thought to be leptospirosis. Among 39 Venereal Disease
Research Laboratory test-positive individuals and 30 Lyme disease patients, 13 and 23% of sera, respectively,
reacted positively with the rLipL32 antigen. These findings indicate that rLipL32 may be an useful antigen for
the serodiagnosis of leptospirosis.

Leptospirosis is a zoonosis caused by pathogenic spirochetes
of the genus Leptospira. Although traditionally considered an
occupational risk among persons exposed to contaminated wa-
ter or infected animal urine (15, 16), leptospirosis is becoming
recognized as a common cause of febrile illness in tropical
environments worldwide (5, 14, 38). Awareness of its public
health importance has increased following recent reports of
outbreaks associated with recreational exposures (7–9) and
emerging epidemics of leptospirosis-associated severe pulmo-
nary hemorrhage syndrome (28, 33, 35, 40, 49). Leptospirosis
has now expanded to affect urban populations throughout
Latin America and the Caribbean. Epidemics associated with
high case fatality (greater than 15%) break out annually during
seasonal periods of heavy rainfall in poor urban areas that lack
basic sanitation infrastructure (23, 26). During these out-
breaks, confusion between the broad spectrum of clinical pre-
sentations associated with leptospirosis and classic dengue fe-
ver (24, 37) complicates the early diagnosis required for the
timely administration of antibiotic therapy. The need for rapid
and appropriate diagnostic tests has become ever more urgent

to aid clinical case identification and to facilitate the imple-
mentation of rapid outbreak investigations.

The standard serologic test, the microscopic agglutination
test (MAT), is inadequate for rapid case identification since it
can only be performed in a few reference laboratories and
requires analyses of paired sera to achieve sufficient sensitivity
(12, 15). Dependence upon the MAT results in delays in es-
tablishing the cause of outbreaks, as seen in several investiga-
tions (7, 47). Enzyme-linked immunosorbent assays (ELISAs)
(12, 46, 48), and other rapid serologic tests based on whole-cell
leptospiral antigen preparations (43, 44, 50) have been devel-
oped for use as an alternative method to screen for leptospiral
infection, although the MAT is still required for case confir-
mation (12, 15). Recombinant-antigen-based serologic tests
are widely used in screening for spirochetal infections such as
Lyme disease and syphilis (17, 22, 27, 39), but the use of re-
combinant proteins for serodiagnosis of leptospirosis has not
been widely investigated. Recently, a recombinant flagellar
antigen immunocapture assay was described for serodiagnosis
of bovine leptospirosis (6). A recombinant heat shock protein,
Hsp58, showed a high degree of ELISA reactivity with serum
samples from a small number of human cases (32). However,
the utility of recombinant antigens for the serodiagnosis of
human leptospirosis has not been investigated in large valida-
tion studies.

In a previous study, we identified leptospiral antigens that
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were serodiagnostic markers of infection in immunoblot anal-
yses (18). A 32-kDa protein was identified to be an immuno-
dominant antigen with the best serodiagnostic utility: 38 and
85% of cases of leptospirosis had detectable antibodies during
the acute and convalescent phases, respectively, of their illness.
Anti-32-kDa protein reactivity was detected in less than 5% of
sera from control individuals. This antigen was identified as
LipL32, a major leptospiral outer membrane protein whose
expression is restricted to pathogenic Leptospira species (20).
Hsp58, a member of the GroEL family of heat shock proteins,
was also identified in immunoblots with human sera and was
the antigen recognized most frequently by patient antibodies in
the acute phase of the illness. Two membrane proteins, the po-
rin OmpL1 (19) and lipoprotein LipL41 (41), were identified
as immunoreactive proteins, but the frequency of seroreactivity
could not be determined due to the limited resolution of the
native proteins on sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) gels. The characterization of these
leptospiral proteins makes it possible to express and purify
recombinant fusion proteins in a form suitable for diagnostic
formats such as recombinant-antigen ELISA. The present study
was conducted to evaluate the utility of these recombinant
proteins from Leptospira as antigens in ELISAs.

MATERIALS AND METHODS

Patient and control individuals. Fifty paired sera were randomly selected from
a bank of samples from more than 300 laboratory-confirmed cases identified
during active hospital-based surveillance from March 1996 to October 1997 for
urban epidemics of leptospirosis in the city of Salvador, Brazil. The MAT and
culture isolation were performed for laboratory confirmation of leptospirosis as
previously described (23). The first, “acute-phase” serum sample from these
patients was collected during hospital admission, a median of 7 days (range. 2 to
23 days) after reported onset of symptoms. A second, “convalescent-phase”
serum sample was collected following discharge, a median of 29.5 days (range, 17
to 113 days) after the reported onset of symptoms. The case definition for MAT
confirmation was a fourfold rise in MAT titer between paired sera or a single
serum MAT titer of �1:800. The highest agglutinating titers for 49 (98%) of the
50 patients were to reference strains of the serogroup Icterohaemorrhagiae. In
addition to MAT, culture isolation and whole-Leptospira immunoglobulin M
(IgM) ELISA were performed with patient samples. Among 14 patients who had
a blood culture performed upon hospital admission, Leptospira interrogans sero-
var copenhageni was isolated from 7 (50%). The IgM whole-Leptospira ELISA
was performed as described by Adler et al. (1) with sonicated antigen from a
clinical isolate of L. interrogans serovar copenhageni (23). A positive reaction in
IgM ELISA was defined as an absorbance value greater than that of the cutoff
reference sample, which corresponded to the 98th percentile absorbance value
among sera of healthy control individuals from an endemic region.

Control serum samples were obtained from 100 healthy individuals and 136
patients with diseases other than leptospirosis. Serum samples from healthy
individuals (n � 50) in Salvador, Brazil, a region of high leptospirosis incidence,
were randomly selected from a serum bank collected during a city-wide serosur-
vey for infectious diseases performed in 1998. In addition, serum samples from
healthy individuals (n � 50) from Northern California (gift of Michael Hendry,
California State Department of Health, Berkeley, Calif.) were obtained as con-
trol sera from a region of low leptospirosis incidence. Patient sera were analyzed
from the following control groups: cases of Lyme disease (n � 30) from the
United States(gift of Martin Schriefer, Centers for Disease Control and Preven-
tion, Fort Collins, Colo.) and four patient groups from Salvador, Brazil: Venereal
Disease Research Laboratory (VDRL) test-positive individuals (n � 30; samples
obtained from the Central Laboratory for the State of Bahia, Brazil [LACEN/
BA]), laboratory-confirmed (dengue IgM ELISA) cases of dengue (n � 30;
obtained from LACEN/BA), patients with acute hepatitis B virus infection (hep-
atitis B S-antigen positive; n � 30; obtained from LACEN/BA), and patients who
were hospitalized with an initial clinical suspicion of leptospirosis and subse-
quently diagnosed as having another illness based on laboratory or radiological
evidence (n � 16). Serum samples were aliquoted after collection and stored at
�20°C.

Recombinant Leptospira antigens. The pRSET plasmid (Invitrogen) constructs
containing portions of genes encoding the leptospiral outer membrane proteins
LipL32, OmpL1, and LipL41 were prepared as described previously (19, 20, 41).
The previously described recombinant LipL36 (21) was included in the analysis
as a control antigen because the expression of lipoprotein LipL36 is downregu-
lated during infection, and therefore reactivity of patient sera is expected to be
minimal. The PCR-amplified genes were ligated into the pRSET plasmid for
expression as recombinant His6 fusion proteins. The 1,641-bp DNA fragment of
the hsp58 coding region was obtained from PCR amplification of genomic DNA
of an L. interrogans serovar copenhageni clinical isolate (23) with primers cor-
responding to the N-terminal and C-terminal sequences of a published sequence
(GenBank accession number L14682) (2). The hsp58 fragment was inserted into
the pQE30 expression vector (Qiagen) and electroporated into Escherichia coli
M15 pREP4 cells (Qiagen).

Isopropyl-�-D-thiogalactopyranoside (IPTG; 2 mM final concentration; Life
Technologies) was added to log-phase cultures of E. coli BLR(DE3)pLysS (No-
vagen) transformed with pRSET plasmids encoding leptospiral genes for expres-
sion of His6 fusion proteins rLipL32, rOmpL1, rLipL41, rLipL36, and rHsp58.
For outer membrane proteins, 6 M guanidine was used to solubilize culture
pellets. His6 fusion proteins were purified by affinity chromatography with Ni2�-
nitrilotriacetic acid-agarose (Qiagen). The purity of eluted His6 fusion proteins
was assessed by gel electrophoresis and staining with Coomassie brilliant blue.
Proteins were dialyzed overnight against phosphate-buffered saline (PBS)–10%
(vol/vol) glycerol–0.025% (wt/vol) sodium azide–0.1 to 0.3% (vol/vol) Triton
X-100. After dialysis, the protein concentration was determined with bicincho-
ninic acid (42). Recombinant outer membrane proteins were then diluted 10- to
15-fold in buffer without Triton X-100. The culture pellet containing rHsp58 was
suspended in 50 mM sodium phosphate buffer, cells were lysed with sonification,
and rHsp58 was purified under native conditions with Ni2�-nitrilotriacetic acid-
agarose (Qiagen). After dialysis against 0.1 M PBS, the concentrations of fusion
proteins were determined using the DC Protein Assay (Bio-Rad).

Recombinant-antigen ELISAs. Flat-bottomed polystyrene microtiter plates
(Corning) were coated at 4°C overnight with His6 fusion proteins, 0.5 to 100 ng/
well, suspended in 0.05 M sodium carbonate (pH 9.6). The plates were washed
twice with distilled water and three times with PBS–0.05% (vol/vol) Tween 20
(PBST). Plates were incubated with blocking solution (PBST with 1% [wt/vol]
bovine serum albumin) for 2 h at room temperature and, after four washes with
PBST, stored at �20°C until use. Wells were incubated with 50 �l of sera, diluted
25- to 200-fold in blocking solution, for 1 h at room temperature with agitation.
After four washes with PBST, wells were incubated with 50 �l of 5,000- to 20,000-
fold dilutions of antihuman �- or �-chain goat antibodies conjugated to horse-
radish peroxidase (Sigma) for 1 h at room temperature with agitation. After-
wards, plates were washed twice with PBST and three times with PBS and in-
cubated with 50 �l/well of 0.01% (wt/vol) 3,3�,5,5�-tetramethylbenzidine in
substrate buffer (0.03% [vol/vol] hydrogen peroxide, 25 mM citric acid, 50 mM
Na2HPO4 [pH 5.0]) for 20 min in the dark at room temperature. The color re-
action was stopped by adding 25 �l of 2 N H2SO4, and the absorbance at 450 nm
was measured in an Emax microplate reader (Molecular Devices, Sunnyvale,
Calif.).

Initial assays were performed to determine the antigen concentration that best
discriminated between ELISA reactions of serum samples from confirmed lep-
tospirosis cases with reciprocal MAT titers greater than 800 (n � 8) and healthy
individuals from a nonendemic area for leptospirosis in the United States (n �
4). Checkerboard titrations were performed with 25-, 50-, 100-, or 200-fold serum
dilutions and antigen concentrations per well of 5, 25, 50, and 100 ng. In subse-
quent assays to determine sensitivity and specificity, plates were coated with the
predetermined antigen concentrations. Incubations were performed with 50- and
20,000-fold dilutions of primary sera and secondary antibody conjugate, respec-
tively. Individual serum samples were tested in duplicate, and the means of the
two measurements were calculated for analysis. Paired measurements that dif-
fered by greater than 10% were retested. One positive control serum sample
which reacted with all recombinant antigens and one negative control serum
sample were included, in duplicate, on each plate as a quality control measure.

Statistical analyses. Data were analyzed in Graph Pad Prism software (version
3.0; San Diego, Calif.). A cutoff value for each recombinant-antigen ELISA was
defined as the 96th percentile of absorbance values among serum samples (n �
50) from Brazilian control individuals who reside in regions endemic for lepto-
spirosis. Sensitivity was defined as the percentage of laboratory-confirmed cases
of leptospirosis whose serum samples had mean absorbance of duplicate samples
greater than the cutoff value. Specificity was calculated as the percentage of
control individuals whose samples had mean absorbance below the cutoff value.
The Mann-Whitney test was used to compare the median absorbance values for
serum samples from leptospirosis cases with those from healthy individuals.
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Among confirmed cases of leptospirosis, the Wilcoxon ranked sign test for
matched pairs was used to determine whether median optical density (OD)
values of convalescent-phase sera were significantly different from those of acute-
phase sera. The 	2 test with Yates’ correction was used to compare proportions
of positive ELISA reactions.

RESULTS

Standardization of recombinant-antigen ELISAs. Five lep-
tospiral antigens were expressed as His6 fusion proteins and
purified by affinity chromatography. Prior to use in ELISAs,
recombinant antigens were tested in immunoblots: pooled sera
from leptospirosis cases had strong reactions to rLipL32 and
rHsp58 and moderate reactions to OmpL1 and LipL41 and did
not react with rLipL36 (data not shown). In initial ELISAs, the
mean absorbance values among selected case sera were signif-
icantly higher than those of a sample of healthy U.S. individ-
uals (P 
 0.05), demonstrating IgG antibody reactivity to all
five recombinant leptospiral proteins. IgM antibody reactivity
was not detected in case or control samples to the three anti-
gens, rLipL32, rHsp58, and rOmpL1, for which this response

was evaluated. The performance of three representative re-
combinant IgG ELISAs at different antigen concentrations and
serum dilutions is shown (Fig. 1). Sample absorbance in the
rHsp58 IgG ELISA was positively correlated with increasing
antigen concentration from 5 to 100 ng/well in a dose-depen-
dent manner (Fig. 1). In contrast, maximum absorbance values
were observed at a concentration of 25 ng/well in the rLipL32
ELISA, while absorbance decreased with increasing antigen
concentrations above 5 ng/well in the rOmpL1 ELISA. A sim-
ilar phenomenon was observed for recombinant membrane-
associated proteins rLipL41 and rLipL36 and appeared to be
associated with the concentration of Triton X-100 used to
solubilize these recombinant proteins. Antigen preparations
with reduced detergent concentrations had increased mean
absorbances for case and control samples at all antigen con-
centration points (data not shown). At the lowest concentra-
tion of Triton X-100 used to solubilize recombinant proteins
other than rHsp58, maximum absorbance values could be ob-
served at the antigen concentrations of 25 ng/well or greater. In

FIG. 1. Performance of IgG ELISA at different serum sample dilutions and recombinant protein concentrations. Results are shown for assays
with three selected recombinant leptospiral proteins, rHsp58 (left), rLipL32 (center), and rOmpL1 (right). For each point, a mean absorbance
value (OD450 on the vertical axis) and standard deviation were plotted for serum samples from eight patients with confirmed leptospirosis (solid
line) or four healthy control individuals (dashed line). Reactions for wells coated with 5, 25, 50, or 100 ng of recombinant antigen are represented
on the horizontal axis. Plates were incubated with sera that were diluted 50- (first row), 100- (second row), or 200- (third row) fold.
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subsequent assays to determine sensitivity and specificity, a
concentration of 5 ng/well was used for rLipL32, rLipL41, and
rLipL36 ELISAs, while 25 ng/well was used for rHsp58 and
rOmpL1 ELISAs. The ratio of mean absorbance values be-
tween case and control individual samples was not significantly
different at 50-, 100-, and 200-fold dilutions of primary anti-
sera, and therefore a 50-fold dilution was chosen for subse-
quent assays.

Determination of cutoff values. Serum samples (n � 50)
from Brazilian control individuals who reside in a region en-
demic for leptospirosis were tested in parallel with samples
from confirmed cases. The 96th percentile of absorbance val-
ues among samples from endemic region control individuals
was defined as the cutoff value to achieve a diagnostic speci-
ficity of 96% (Fig. 2). Absorbance values among these control

samples varied depending on the recombinant-antigen ELISA.
The range of OD450 values for the rOmpL1 ELISA (0.008 to
0.705) was 10 times greater than the range of values observed
for the rLipL32 ELISA (0.002 to 0.071). The defined cutoff
value was five times higher for the rOmpL1 ELISA (OD450 �
0.247) than for the rLipL32 ELISA (OD450 � 0.050) (Table 1).
Cutoff values for recombinant-antigen ELISAs are shown in
Table 1. For four of the recombinant-protein ELISAs, median
absorbance values of control samples from healthy U.S. indi-
viduals from a nonendemic region did not differ significantly
from those of healthy Brazilian individuals from a high-inci-
dence region. The one exception was the rHsp58 ELISA, in
which the median value for endemic-area sera was 1.6 times
higher than the median for nonendemic control sera (P 

0.01).

FIG. 2. IgG antibody responses in leptospirosis patients and control groups to recombinant leptospiral proteins as determined by ELISA.
Results are shown for three selected recombinant antigens, at concentrations of 25 ng of antigen per well (rHsp58 and rOmpL1) or 5 ng of antigen
per well (rLipL32). Absorbance (OD450) values are shown for reactions with serum samples, diluted 50-fold, from healthy individuals in an endemic
region for leptospirosis in Salvador, Brazil (group A, �), or a nonendemic U.S. region (group B, �) compared to paired serum samples from 50
patients with confirmed leptospirosis from Salvador, Brazil (group C, acute-phase F or group D, convalescent-phase f). Fifty samples were tested
in each group. Median absorbance values for each group of samples are shown as solid lines. The cutoff value, defined as the absorbance value
for the 96th percentile of the group of 50 serum samples from healthy control individuals from Salvador, Brazil, are represented as dashed lines.
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Sensitivity of recombinant-antigen IgG ELISAs. The rLipL32
ELISA demonstrated the highest sensitivity in acute- and con-
valescent-phase serum samples (56 and 94%, respectively) from
confirmed cases of leptospirosis (Table 1 and Fig. 2). Other
recombinant-antigen ELISAs demonstrated less than 30%
sensitivity to detect leptospiral infection in the acute phase of
illness. In convalescent-phase serum samples, the sensitivity of
the rOmpL1 ELISA increased to 72%, while the rLipL41 and
rHsp58 assays had sensitivities of 44 and 32%, respectively.
Less than 20% of case serum samples had detectable antibody
against rLipL36, a lipoprotein that is produced at low levels
during infection, although the median serum absorbance val-
ues did increase significantly between the acute and convales-
cent phase of disease (median OD450, 0.044 versus 0.071; P 

0.05).

Combining results of the rHsp58 and rLipL32 ELISAs in-
creased sensitivity from 56 to 64% in acute-phase sera, with a

corresponding decrease in diagnostic specificity from 95 to
92%. Combinations of results from other recombinant-antigen
ELISAs did not further increase the sensitivity for detecting
leptospiral infection in acute-phase samples.

Specificity of recombinant-antigen IgG ELISAs in control
patient groups. Reactivities of antibodies from dengue, hepa-
titis, Lyme, and VDRL test-positive patients were not deter-
mined for rLipL36 since overall sensitivity was less than 20%.
Percent reactivity among patient control groups did not differ
significantly from community-based control groups from Brazil
or the U.S. in ELISAs with rLipL32, rHsp58, rOmpL1, and
rLipL41 (Table 1). Exceptions included Lyme disease patients
in the rLipL32 assay, of whom seven (23%) had serum absor-
bance values above the cutoff (versus five [5%] healthy indi-
viduals), and hepatitis patients and VDRL test-positive indi-
viduals in the rLipL41 assay, of whom 10 (30%) and 11 (33%),
respectively, had serum absorbance above the cutoff (versus 6

TABLE 1. IgG antibody reactivity of serum samples from patients with leptospirosis and control groups against
five leptospiral His6 fusion proteins as determined by ELISA

Study group Total no. of serum
samples

% of samples reactivea with recombinant leptospiral antigen (cutoff value, OD450):

rLipL32 (0.050) rOmpL1 (0.247) rLipL41 (0.099) rHsp58 (0.195) rLipL36 (0.123)

Confirmed cases of leptospirosis
Acute-phase samples 50 56 16 24 18 12
Convalescent-phase samples 50 94 72 44 32 18

Community-based control groups
Endemic 50 2 4 4 4 4
Nonendemic 50 8 12 10 2 2

Patient control groups
Dengue 30 3 0 10 3 ND
Hepatitis 30 10 7 30 0 ND
Initial suspicion of leptospirosisb 16 6 6 13 13 19
Lyme disease 30 23 0 20 3 ND
VDRL test positive 30 13 10 33 0 ND

a Proportion of samples with absorbance values greater than the cut off values for each recombinant-antigen ELISA. Cutoff values were defined as the 96th percentile
of absorbance values of 50 serum samples from healthy individuals in Salvador, Brazil, a region of high leptospirosis incidence. ND, not determined.

b Patients were hospitalized with suspected leptospirosis and subsequently diagnosed with other diseases based on clinical, radiological, and laboratory evidence. Final
diagnoses included acute hepatitis B infection, bacterial pneumonia, and sepsis (two cases each) and meningitis, endocarditis, acute pancreatitis, upper gastrointestinal
tract hemorrhage, arthritis, visceral leishmaniasis, typhoid fever, choledocholithiasis, parotiditis, and chronic hepatic disease (one case each).

TABLE 2. Comparison of rLipL32 IgG ELISA with standard diagnostic tests for leptospirosis

Days after initiation
of symptomsa

No. of
samples

Standard diagnostic tests rLipL32 IgG ELISA

Maximum
reciprocal MAT

titer, median
(range)

No. (%) of samples Whole-Leptospira
IgM ELISA

positiveb

OD450 median
(range)

No. (%)
giving positive

reactionscReciprocal MAT,
titer � 100

Culture
isolation

Acute-phase samples (n � 50)d

2–4 5 0 (0–200) 1 (20) 1 (100)e 1 (20) 0.008 (0.003–0.039) 0 (0)
5–7 23 0 (0–800) 7 (29) 6 (67)e 9 (41) 0.045 (0.005–1.181) 10 (43)
8–23 21 200 (0–3,200) 12 (60) 0 (0)e 16 (80) 0.176 (0.023–1.054) 18 (86)

Convalescent-phase samples (n � 50)
17–28 23 1,600 (200–6,400) 23 (100) NA 21 (100) 0.501 (0.052–0.998) 23 (100)
29–35 19 1,600 (400–6,400) 19 (100) NA 18 (95) 0.591 (0.008–1.050) 16 (84)
36–113 8 800 (200–800) 8 (100) NA 8 (100) 0.344 (0.100–1.256) 8 (100)

a Days between reported onset of illness and serum collection; one was missing. NA, not applicable.
b Results of the whole-Leptospira IgM ELISA were not available for two individuals’ paired serum samples. Percentages shown are for the number of samples tested.
c Positive reactions were defined as absorbance greater than the 96th percentile among 50 serum samples from healthy individuals.
d Acute-phase serum samples were collected upon hospital admission.
e A total of 14 blood cultures were performed for 50 serum samples collected during the acute phase of illness; 1, 9, and 5 were performed for samples collected in

the first 4, 5 to 7, and �7 days of illness, respectively.
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[7%] healthy individuals). Among patients with diseases ini-
tially suspected as being leptospirosis, 2 of the 16 patients in
the first group were responsible for outlying values (greater
than twice the cutoff value) in the rLipL32 ELISA; both of
these patients had an invasive bacterial infection (sepsis or
pneumonia).

rLipL32 IgG ELISA versus standard diagnostic tests. The
positivity of the rLipL32 IgG ELISA in acute-phase samples
increased from 36% (10 of 28) during the first week (�7 days)
of symptoms to 86% (18 of 21) after the first week of symptoms
(8 to 23 days) (Table 2). LipL32 seropositivity was not detected
in five samples obtained in the first 4 days of illness.

The results of the rLipL32 IgG ELISA were compared with
those of the MAT for the 50 confirmed cases of leptospirosis
(Table 2). At the time of hospital admission, the rLipL32 IgG
ELISA had greater sensitivity (56 versus 42%) than MAT pos-
itivity at a 100-fold serum dilution, a commonly used criterion
for screening for leptospiral infection. Among acute-phase
samples, 12 (24%) that tested positive in the rLipL32 ELISA
had undetectable agglutination reactions in the MAT, while 5
(10%) that had reciprocal MAT titers greater than or equal to
100 had negative rLipL32 ELISA results. For samples col-
lected from MAT-confirmed leptospirosis cases in the conva-
lescent phase of illness following discharge from the hospital,
47 (94%) of 50 had positive absorbance values in the rLipL32
IgG ELISA. A positive reaction in the rLipL32 assay was ob-
served in one sample obtained from a patient 113 days after
the onset of disease.

For acute-phase samples, culture isolation was negatively
associated with rLipL32 ELISA absorbance value (P � 0.011).
None of the seven samples from culture-positive cases were
seroreactive in the rLipL32 assay, whereas six of seven (86%)
from culture-negative cases were seroreactive. All culture-pos-
itive patient samples had undetectable MAT agglutination ti-
ters in the acute phase of the disease.

In the whole-Leptospira IgM ELISA, 26 (54%) acute-phase
samples and 47 (98%) convalescent-phase samples were posi-
tive among the 48 patients tested. The whole-Leptospira IgM
and IgG rLipL32 ELISAs demonstrated similar kinetics of
reactivity in the first 2 weeks after the onset of illness (Table 2).
Both IgM and rLipL32 IgG ELISAs were positive in 19 (40%)
of 48 patients at the time of hospital admission, while 7 (15%)
were only IgM positive, and 8 (17%) were only rLipL32 IgG
positive.

DISCUSSION

Improved diagnostic tests for leptospirosis are urgently
needed to aid clinical diagnosis in the initial phase of the
disease and for rapid case confirmation during outbreak sur-
veillance. Doxycycline therapy initiated soon after the onset of
symptoms can prevent severe complications and deaths (15,
31). However, diagnosis during this critical period requires a
high index of suspicion, as early symptoms are often indistin-
guishable from those of dengue fever and other febrile ill-
nesses (24, 37). Efforts to develop new diagnostic tests to
achieve high sensitivity in the acute phase have focused pri-
marily on detecting IgM binding to whole-cell antigen prepa-
rations. The immunodominant moiety in whole-cell prepara-
tions appears to be a broadly reactive antigen (15, 46) that is a

disaccharide epitope present in nonpathogenic leptospires as
well as a diverse group of nonleptospiral species (29, 30). IgM
ELISAs (12, 48), dipstick assays (25, 43, 44, 50), and simple
agglutination assays (25, 45) appear to have variable sensitiv-
ities of 35 to 85% for serum samples collected in the first 10
days of illness from cases subsequently confirmed by MAT, in
evaluations performed in different sites (Table 3) (43, 44).

Recombinant protein-based serologic tests may achieve high
sensitivity and specificity because of the high concentration of
immunoreactive antigens which can be used in assays and the
lack of nonspecific moieties present in whole-cell preparations.
An ideal antigen would be a principal target of the host im-
mune response, expressed only in pathogenic Leptospira spp.
and conserved among the more than 200 serovars associated
with human disease in different geographic regions and epide-
miological situations (15). An ideal test will need to discrimi-
nate between leptospirosis and a broad spectrum of diseases
that cause acute febrile illnesses and have overlapping clinical
presentations. Because the burden of leptospirosis is greatest
in developing countries (15), there is a need to develop a test
which can be produced at low cost and easily standardized for
use in field settings.

In the present study, five recombinant leptospiral proteins
were evaluated as antigens in ELISAs. The rLipL32 ELISA
demonstrated the highest sensitivity: it detected IgG antibod-
ies in 56 and 94% of the MAT-confirmed cases of leptospirosis
during the acute and convalescent phases of illness, respec-
tively. LipL32, the most prominent protein in the SDS-PAGE
total protein profile (20) and the major outer membrane pro-
tein (51), was also the most frequently recognized antigen in
immunoblots with patient sera (18). Whereas anti-LipL32 IgG
reactivity was detected in samples collected from patients
within the first 8 days of illness and this response correlated
with the duration of symptoms, no anti-LipL32 IgM reactivity
was detected in any acute- or convalescent-phase samples.

TABLE 3. Comparison of results of serodiagnostic tests for
leptospirosis from selected validation studies

with the rLipL32 ELISA

Assay Evaluation
site

No. of
samplesa

% Sensitivityb

%
Spec-
ificityc

Refer-
enceAcute

phase

Conva-
lescent
phase

LipL32 IgG ELISA Brazil 50 56 94 95
IgM ELISA Barbados 92 52d 93 95–98 12

Australia 41 42e 100 98 48
Seychelles 90 38 68 97 50

IgM dipstick Barbados 51 71 98 91 25
Seychelles 90 39 68 96 50
Multicenter 485 35–86 f 69–100 f 88–99 f 43
Multicenter 329 85 94 88–94 44

Latex agglutination Netherlands 254 54 94 94 45
Multicenter 137 38 88 95 45

a Laboratory case-confirmation includes MAT, culture, and PCR evaluation.
b Acute-phase samples were collected from patients during the first 10 days of

illness unless otherwise noted. Convalescent-phase samples were collected from
patients following hospitalization.

c Specificities are shown for groups of healthy individuals or nonleptospirosis
patients.

d Samples collected at the time of hospital admission (median � 5 days) after
onset of symptoms.

e For samples collected 0 to 8 days after the onset of symptoms.
f Mean sensitivity was 60% for acute-phase and 87% for convalescent-phase

samples; mean specificity was 93%.
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The diagnostic specificity of the rLipL32 IgG ELISA was
95% for healthy individuals living in regions of high and low
leptospirosis incidence. The low background reactivity may be
due, in part, to the restricted expression of LipL32 in patho-
genic leptospires (20) and not saprophytic forms that are ubiq-
uitous in the environment. The rLipL32 ELISA appears to
differentiate patients with leptospirosis from those with other
important causes of acute jaundice and febrile illnesses, such as
dengue and hepatitis, since specificity in these groups was
greater than 90%. Higher antibody reactivities in VDRL-pos-
itive and Lyme disease patients (13 and 23% reactivity, respec-
tively) suggests that there may be cross-reactive epitopes in
other spirochetes, including Borrelia and Treponema spp., which
were not detected in BLAST homology searches (20).

After the rLipL32 ELISA, the two assays with the highest
sensitivities were those based on rOmpL1 and rLipL41. Like
LipL32, OmpL1 and LipL41 are found only in pathogenic
Leptospira (19, 41) and are expressed by the pathogen during
experimental infection (3). Triton X-100, used to maintain the
solubility of these membrane-associated proteins, appeared to
interfere with the binding of these antigens, as with LipL32, to
ELISA plates, and reducing its concentration increased the
sensitivity for these assays. In the present evaluation, the re-
combinant Hsp58 assay showed lower IgG reactivity than re-
ported previously (32 versus 82%) (32). A high cutoff threshold
was necessary to obtain greater than 95% specificity for the
rHsp58 IgG ELISA. The dominant epitope in leptospiral Hsp58
is a 20-amino-acid sequence highly conserved among prokary-
otic GroEL homologues (32). The observed background reac-
tivity to recombinant Hsp58 may have contributed to the high
cutoff value for this assay and lower sensitivity. In the present
study, combinations of the results of other assays with those of
the rLipL32 assay did not increase the sensitivity of ELISA for
MAT-confirmed cases.

The robust IgG and undetectable IgM response to recom-
binant leptospiral proteins during early illness is surprising.
However, there does exist precedence for this phenomenon in
leptospirosis: several studies have documented IgG immuno-
blot reactivity to leptospiral proteins during acute-phase illness
in the absence of specific IgM antibodies (10, 11, 18). Tradi-
tionally, IgM antibodies, directed primarily against carbohy-
drate epitopes (15), have been believed to be the predominant
humoral response during acute-phase infection (1, 46). In
this study, such a response was detected in whole-Leptospira
ELISAs. Remarkably, the IgG response to rLipL32 and other
recombinant antigens was found to have kinetics comparable
to that of the IgM response to whole-antigen preparations. The
rapid rise in IgG antibody may have been due to a memory
response in individuals with prior exposure to leptospires.
Alternatively, this could represent a rapid IgM-to-IgG class-
switch phenomenon, since it appears unlikely that the rela-
tively large proportion of patients who seroconverted in both
whole-Leptospira IgM and rLipL32 IgG ELISAs were previ-
ously exposed. Together, these findings suggest that early host
immune response to Leptospira infection is characterized by
both IgM and IgG antibodies specific for different moieties, as
observed in the early response to Borrelia (13, 27) and Trepo-
nema infection (39).

Our findings indicate that recombinant LipL32 may be an
appropriate antigen for serodiagnosis in field settings. The

rLipL32 ELISA demonstrated sensitivity comparable to cur-
rently available rapid screening tests in the acute phase and
high sensitivity for MAT-confirmed cases in the convalescent
phase (Table 3). Although whole Leptospira antigen can be
used in serodiagnostic tests to detect either IgM or IgG anti-
bodies (1, 46), extensive quality control measures are necessary
to monitor batch-to-batch variability in antigen composition
inherent in growing large cultures of Leptospira (15). Re-
combinant-antigen-based assays may circumvent this problem
and furthermore may be produced at lower cost, an important
consideration for implementation in developing countries.

One potential limitation to the use of this test in case con-
firmation is the persistence the anti-LipL32 IgG response af-
ter acute infection. In this study, seropositivity was detected in
samples obtained up to 113 days after the onset of symptoms.
The duration of seropositivity in ELISAs will need to be eval-
uated further in longitudinal studies of the host IgG response.
However, the criterion for positivity used in the recombinant-
antigen ELISA was a cutoff absorbance value which gave 98%
specificity in community control groups from the same epi-
demic region as cases. Furthermore, the specificity of this cut-
off was �90% for patient control groups from the same re-
gion. Therefore, the response to LipL32 may not be prolonged
enough to interfere with the application of this test in epide-
miologic and clinical situations associated with recurrent urban
epidemics.

The conserved nature and high level of expression of LipL32
among pathogenic Leptospira spp. (20) suggest that the rLipL32
ELISA may exhibit similar performance regardless of the lo-
cally predominant serovar agent. Sera used in the present
evaluation were from patients residing in regions in which the
most prevalent Leptospira serovar is copenhageni, the etiologic
agent of urban epidemics throughout Brazil (4, 23, 34, 36).
Validation studies in geographical regions with a spectrum of
etiologic serovars will be helpful in assessing whether the
rLipL32 ELISA can be widely applied. Furthermore, recom-
binant LipL32 can be incorporated in rapid formats, such as
dipstick, to facilitate its use in serodiagnosis in developing
countries.
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