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The objective of the present study was to investigate the usefulness of a recombinant flagellar protein, FlaB,
of Leptospira interrogans serovar pomona in the serodiagnosis of leptospirosis by the fluorescence polarization
assay (FPA). The recombinant protein FlaB was purified to homogeneity by a combination of nickel-nitriloa-
cetic acid agarose chromatography, electrophoresis, and electroelution. Purified FlaB was labeled with fluo-
rescein isothiocyanate (FITC). Western blotting was performed by using bovine sera with microscopic agglu-
tination test (MAT) titers of antibodies against L. interrogans serovar pomona and L. bergpetersenii serovars
hardjo and sejroe to confirm the antigenicity of FlaB. Western blot analysis demonstrated that labeled as well
as unlabeled FlaB was recognized by the positive sera tested, indicating the broad serovar cross-reactivity of
this protein. It also indicated that labeling with FITC did not affect the antigenicity. By using FITC-labeled
FlaB as a tracer antigen, a homogeneous FPA was developed to detect antileptospiral antibodies in bovine sera.
A population of 208 MAT-positive and 208 MAT-negative serum samples was tested by FPA. The FPA cutoff
was determined by receiver operating characteristic analysis. By FPA, 83.7% of the MAT-positive serum
samples were positive and 81.2% of the MAT-negative serum samples were negative. Compared to the results
of MAT, the positive predictive value of FPA was 81.7% and the negative predictive value of FPA was 83.3%.
The FPA is a simple and rapid technique for the detection of anti-Leptospira antibodies.

Leptospirosis is a zoonotic infection which exhibits a broad
spectrum of clinical manifestations, ranging in severity from
acute to chronic with multiorgan syndrome to fatal (16). Lep-
tospirosis affects wild rodents and domestic animals such as
cattle, swine, horses, sheep, goats, and dogs (17). Animals with
infections with leptospires also represent occupational hazards
to farmers, butchers, and veterinarians (15, 16). The patho-
genic leptospires were formerly classified as Leptospira interro-
gans, but the genus has recently been reorganized and patho-
genic leptospires are now identified in seven species of
Leptospira (59). These bacteria are divided into 23 serogroups
and are subdivided into approximately 212 serovars on the
basis of common cross-reacting agglutinins (16, 18).

The diagnosis of leptospirosis depends either on the detec-
tion of antibodies in the sera or the presence of the organisms
in tissues or body fluids (6, 16, 58). Since the isolation of
leptospires is difficult and laborious, serological diagnosis is
extensively used. The microscopic agglutination test (MAT) is
the most commonly used diagnostic test (11). Several other
techniques, such as the passive hemagglutination test (40), the
immunofluorescence test (4), and enzyme immunoassays (55,
58), have also been investigated. However, these assays have
significant drawbacks, such as the use of a battery of live
leptospires, with an associated risk of a laboratory-acquired
infection, and the involvement of multiple reagents and steps
(16, 23, 44, 48, 49, 54, 55). There is a need for a diagnostic
laboratory test which can detect anti-Leptospira antibodies in
biological fluids with high sensitivity and specificity and which
can be performed within a short period of time. Although the
enzyme-linked immunosorbent assay (ELISA) (44, 48) meets
most of the desired requirements, improved simplicity and
rapidity are still needed.

Dandliker et al. (13) introduced a homogeneous fluores-
cence polarization assay (FPA) that is sensitive, specific, and
rapid and that requires few reagents. Fluorescence polariza-
tion is a measure of the time-averaged rotational motion of
fluorescent molecules. When a fluorescently labeled antigen
binds to the antibody, its fluorescence polarization will in-
crease due to the larger hydrodynamic volume of the antigen-
antibody complex (17, 35, 47).

Nielsen et al. (41) reported on the development of an FPA
with fluorescein-labeled Brucella abortus O polysaccharide as a
tracer antigen for the detection of Brucella antibodies in bovine
sera. Those investigators demonstrated that FPA is a highly
accurate assay with a sensitivity and a specificity of 99.02 and
99.96%, respectively. In a similar study, Lin et al. (33) reported
on the use of fluorescein-labeled Mycobacterium bovis secre-
tory protein MPB70 as a tracer antigen in an FPA. Those
investigators indicated that FPA is able to detect anti-MPB70
antibodies in the sera of infected animals but not in the sera of
uninfected animals.

Information on the nature and identity of leptospiral anti-
gens is important for elucidation of their significance in the
immunity to leptospirosis and the pathogenesis and diagnosis
of leptospirosis. Leptospires have a characteristic corkscrew-
like movement which is mediated by two periplasmic flagella
inserted subterminally into the protoplasmic cylinder (16). Se-
quence analyses of flagellar genes and proteins from several
spirochetes show that there are two distinct classes of proteins,
the FlaA and FlaB proteins, in the filament. FlaA proteins are
associated with the sheath surrounding a core which is com-
posed of FlaB proteins (38, 42, 45). Electrophoresis has re-
vealed that the periplasmic flagella are composed of three
prominent proteins: proteins with molecular masses of 31 and
37 kDa and a 33- and 34-kDa doublet (8, 31). Nunes-Edwards
et al. (43) identified several proteins with molecular masses of
between 30 and 67 kDa from L. interrogans serovar hardjo.
However, the significance of these proteins in the diagnosis or
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pathogenesis of leptospirosis or immunity to infection is not
yet clear.

Recently, a 35-kDa protein from L. interrogans serovar
pomona which is recognized by mono- and polyclonal anti-
Leptospira antibodies has been identified. This protein was
identified as the flagellin protein FlaB, and a gene encoding L.
interrogans serovar pomona FlaB protein was cloned (34) and
expressed in Escherichia coli (36).

The objectives of the present study were (i) to investigate the
application of the recombinant protein FlaB in the diagnosis of
leptospirosis and (ii) develop a sensitive and specific, yet sim-
ple and rapid assay for the serological screening of large num-
bers of leprospiral sera. This paper reports on the purification
of recombinant protein FlaB and development and preliminary
analysis of a homogeneous FPA for the diagnosis of leptospi-
rosis. The performance of FPA in terms of its diagnostic sen-
sitivity and specificity relative to the results of MAT was de-
termined by receiver operating characteristic (ROC) analysis.

MATERIALS AND METHODS

Production of recombinant FlaB protein. In this study, the expression con-
struct pHTFlaB, which was generated as described previously (36), was used to
produce the recombinant FlaB protein in E. coli DH5a. Briefly, Luria-Bertani
broth (500 ml) supplemented with ampicillin (100 mg/ml) was inoculated with 5
ml of an overnight culture of the E. coli harboring pHTFlaB. Cultures were
grown at 37°C in a incubator (Environ Shaker) until an optical density at 590 nm
of 0.8 to 1.0 (approximate time, 4 to 5 h) was achieved. Expression of FlaB was
initiated by the addition of isopropyl-b-D-thiogalactopyranoside (IPTG) at a final
concentration of 0.6 mM. Cultures were incubated for an additional 3 h to allow
maximal protein expression. The cells were harvested by centrifugation at
10,000 3 g for 20 min at 4°C. The cell pellet was stored at 280°C until further
analysis. In order to confirm protein expression, a 1.0-ml aliquot of the E. coli
culture was taken before and after the addition of IPTG and was analyzed by
electrophoresis.

SDS-PAGE and Western blotting. Sodium dodecyl sulfate (SDS)-polyacryl-
amide gel electrophoresis (PAGE) was performed by the method of Laemmli
(32) in 12% (wt/vol) resolving and 4% (wt/vol) stacking polyacrylamide gels with
a mini-PROTEAN II gel apparatus (Bio-Rad). After electrophoresis, the pro-
teins were either stained with Coomassie brilliant blue or electrophoretically
transblotted (57) onto a nitrocellulose membrane (NC) (Bio-Rad) with a Trans-
Blot Cell (Hoeffer Scientific) at 100 V for 2.5 h with cooling (7). The NC was
blocked overnight with Tris-buffered saline (TBS) supplemented with Tween 20
(10 mM Tris-HCl, 140 mM NaCl [pH 7.4], 0.5% Tween) (TBS-T) plus 5%
heat-inactivated horse serum (Armour, Kankakee, Ill.). After blocking, the NC
was reacted with diluted bovine antiserum (1:100) for 3 h at room temperature
and then with anti-bovine immunoglobulin G (IgG) conjugated with horseradish
peroxidase (1:5,000). The NC was washed (five times) between each reaction step
with TBS-T. Bound conjugate was visualized with a horseradish peroxidase
substrate kit (Bio-Rad). The molecular masses of the separated proteins were
determined by comparison with those of prestained protein standards (Bio-Rad).

Nickel-chelate affinity chromatography. The recombinant protein FlaB was
partially purified by affinity chromatography on a nickel-nitriloacetic acid (Ni-
NTA)-agarose column (27, 28, 36) according to the manufacturer’s instructions
(Qiagen). Briefly, IPTG-induced E. coli cells harboring pHTFlaB were resus-
pended in 10 ml of buffer A (8 M urea, 0.1 M Na2HPO4, 0.01 M Tris-HCl [pH
8.0]), lysed for 1 h at room temperature with continuous stirring, and then kept
overnight at 4°C. Insoluble material was removed by centrifugation at 27,000 3
g for 40 min at 4°C. The supernatant was applied to an Ni-NTA column (1 by 7.5
cm) preequilibrated with buffer A. The E. coli proteins were eluted by sequential
washing with 50 ml each of buffer B (8 M urea, 0.1 M Na2HPO4, 0.01 M
Tris-HCl, 1 M NaCl [pH 6.3]) and buffer C (which had the same composition as
buffer B except that it was at pH 5.9). Selective elution of the FlaB protein was
achieved with buffer D (which had the same composition as buffer C except that
it contained 80 mM imidazole). The fractions were collected, and the absorbance
was measured at 280 nm in a spectrophotometer (Pharmacia LKB Ultrospec
plus). All eluted fractions were subjected to SDS-PAGE to confirm the presence
of the FlaB protein. The peak fractions containing the FlaB protein were pooled
and stored at 220°C.

Electroelution. Following Ni-NTA affinity chromatography, the partially puri-
fied FlaB preparation was subjected to SDS-PAGE as described above. Individ-
ual protein bands were visualized by staining with Tris-Coomassie buffer (0.125
M Tris-HCl [pH 6.8] containing 0.2% Coomassie brilliant blue) and destaining
with 0.125 M Tris-HCl (pH 6.8) containing 0.1% SDS and 1 mM EDTA. The
FlaB protein band was excised and electroeluted (1, 20) with a Bio-Rad model
422 Electroelutor (25) at a constant current of 10 mA/tube for 4 to 6 h at room
temperature with elution buffer (25 mM Tris-HCl, 192 mM glycine, 0.1% SDS

[pH 8.5]). The purified FlaB was concentrated in an Ultrafiltration Stirred Cell
(Amicon) fitted with a PM-10 (25 mm) ultrafiltration membrane (Amicon).
Purified FlaB was dialyzed overnight against 0.02 M phosphate-buffered saline
(PBS; pH 7.2) containing 0.01% SDS. This sample was used as an antigen for
fluorescein labeling.

FITC labeling. Purified FlaB (650 mg in 1 ml) mixed with 0.3 ml of fluorescein
isothiocyanate (FITC; 1 mg/ml) in 0.15 M sodium phosphate buffer (pH 9.5) was
routinely used. The reaction mixture was incubated for 3 h at 37°C. In order to
separate free dye from the labeled FlaB protein, the reaction mixture was applied
to a Sephadex G-25 column (1 by 23 cm; Pharmacia) that had been preequili-
brated with 0.1 M sodium phosphate buffer (pH 7.0). The absorbance of the
fractions was monitored at 492 nm (Pharmacia LKB Ultrospec plus). The eluted
fractions were pooled and analyzed by SDS-PAGE. The protein bands were
visualized with UV light (Transilluminator; VWR Scientific) followed by staining
with Coomassie brilliant blue. The FITC-labeled recombinant protein FlaB was
used as a tracer antigen in an FPA.

Serum samples. A total of 416 field bovine serum samples were examined by
FPA for the detection of antileptospiral antibodies. All serum samples were
supplied by the Animal Diseases Research Institute, Lethbridge, Alberta, Can-
ada. All of the positive and negative serum samples were initially tested once by
MAT (53). All serum samples that had been stored at 220°C prior to processing
were equilibrated to room temperature before testing by FPA.

MAT. MAT was performed by a modification of a previously described method
(11). Live 4-day-old Leptospira cultures (Leptospira serovars hardjo, pomona,
sejroe, canicola, icterohaemorrhagiae, and grippotyphosa) were used as antigens.
The endpoint titer was the highest dilution of serum that agglutinated at least
50% of the leptospires. Agglutination at a serum dilution of 1:100 was considered
positive.

FPA. FPA was carried out on an FPM-1 fluorescence polarization analyzer
(Jolley Consulting and Research, Inc., Grayslake, Ill.). The baseline for the tracer
antigen alone was established with 0.1 M PBS (pH 7.2). Serum samples were
diluted (1:50) in 0.01 M PBS containing 0.1% sodium azide and 0.05% lithium
dodecyl sulfate. Two milliliters of diluent was dispensed into a glass tube (12 by
75 cm). Test serum (0.04 ml) was then added to the diluent tube and the contents
were mixed thoroughly. Each sample was blanked in the fluorescence polariza-
tion analyzer. The predetermined amount of the tracer antigen (0.02 ml) was
then added to the serum sample and the contents were mixed thoroughly. The
mixture was allowed to equilibrate for 10 to 30 min at room temperature.
Following the equilibration period, the fluorescence polarization was measured
as millipolarization units (mP) in a fluorescence polarization analyzer. In this
study, the same lot of labeled FlaB tracer antigen was used for all FPAs.

Protein determination. The concentration of FlaB was determined with a
bicinchoninic acid protein assay kit (Pierce) by using bovine serum albumin as
the standard, as described previously (50).

Data analysis. The Excel 7.0 program (Microsoft) and ROC analysis (37) were
used to evaluate the performance of FPA for the detection of antileptospiral
antibodies. The ROC curve plots the relative sensitivity (true-positive ratio)
versus relative specificity (false-positive ratio) while the cutoff value for a positive
or negative result is varied and is completely independent of disease prevalence.
The area under the ROC curve provides a quantitative assessment of a test’s
diagnostic performance. The 95% confidence intervals are calculated as indica-
tors of the precision of the relative sensitivity and relative specificity estimates.
ROC analysis analyzes the diagnostic performance for the full range of cutoff
points and thus eliminates the bias resulting from selection of a single value (24).

RESULTS

Recombinant protein overproduction and purification.
SDS-PAGE analysis of the total lysate of E. coli harboring
pHTFlaB demonstrated that the recombinant FlaB protein
showed up as a strong band at the expected 31-kDa position
(Fig. 1, lane 2) in the cells induced with IPTG. However, FlaB
was not detected in the E. coli extracts grown in the absence of
IPTG (Fig. 1, lane 1). It was observed that FlaB was contam-
inated with several high- and low-molecular-mass proteins of
E. coli (Fig. 1, lanes 2 and 3).

The expression of the L. interrogans serovar pomona flaB
gene in E. coli (36) resulted in the FlaB fusion protein with a
polyhistidine tag at the N terminus which facilitates purifica-
tion. Ni-NTA affinity chromatography was used as the first step
in the purification of FlaB from the bacterial cell lysate. The
proteins were eluted in progressively acidic steps. The elution
profile at 280 nm showed two well-separated peaks. SDS-
PAGE analysis demonstrated the presence of E. coli proteins
in the fractions of the first peak and the presence of a strong
band in the 31-kDa region (which corresponds to the molecu-
lar mass of FlaB) in the second peak. Affinity-purified FlaB was
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found to be contaminated with one higher-molecular-mass
band and one lower-molecular-mass band (Fig. 1, lane 4).

FlaB was further purified by electroelution. The elution time
for maximal recovery of FlaB was 6 h. A purified product
represented by a strong single band at the 31-kDa position was
obtained, with no detectable contaminating protein bands (Fig.
1, lane 5). Purified FlaB was concentrated, dialyzed, and la-
beled with fluorescein dye.

FITC labeling. Analysis of Sephadex G-25 gel filtration
chromatography fractions at 492 nm revealed the presence of
two distinct peaks. The fractions of the first peak contained a
bluish green fluorescent eluate. The second peak contained

free FITC. The covalent attachment of FITC to FlaB was
confirmed by SDS-PAGE. The gels exposed to UV light prior
to staining revealed the presence of at least two fluorescently
labeled FlaB protein bands at the 31-kDa site (Fig. 2A, lanes 1
and 3), which corresponds to the position of unlabeled FlaB
(Fig. 2B, lane 2). However, it was observed that unlabeled FlaB
migrated as a single band with an apparent molecular mass of
31 kDa (Fig. 2B, lane 2). The fractions of the first peak con-
taining FITC-labeled FlaB were pooled and used as the tracer
antigen.

Western blotting. The antigenicities of labeled and unla-
beled FlaB were examined by Western blotting with bovine
sera containing antibodies against L. interrogans serovar
pomona and Leptospira borgpetersenii serovars hardjo and sejroe.
Sera from uninfected animals were used as negative controls.
Western blot analysis revealed that both labeled and unlabeled
FlaB proteins were recognized by antibodies against various
Leptospira serovars (Fig. 3A to C). In the case of unlabeled
FlaB, a serum sample with a high titer of antibodies against L.
interrogans serovar pomona, as determined by MAT, recog-
nized a single band at the 31-kDa site (Fig. 3A, lane 1). How-
ever, in the case of labeled FlaB, the same serum sample
reacted with at least two FlaB protein bands at the 31-kDa
position (Fig. 3, lane 2) with the same intensity. Similar pat-
terns were obtained with serum samples with high titers of
antibodies against L. borgpetersenii serovars hardjo and sejroe
(Fig. 3B and C, respectively). This suggests that the purified
unlabeled and labeled FlaB proteins were immunologically
active and that the immunogenicity of the epitope was not
altered by modification with fluorescein. The MAT-negative
serum samples did not react with labeled or unlabeled FlaB.

FPA. FPA was performed with fluorescein-labeled FlaB as a
tracer antigen. A mean fluorescence millipolarization value
(mP) value of 147 mP (n 5 4) was obtained when the fluores-
cence polarization of the tracer antigen diluted in PBS was
measured. Initially, five MAT-positive and four MAT-negative
bovine serum samples (diluted 1:50) were analyzed by FPA. In
the presence of the tracer antigen, the MAT-positive sera gave
mean mP values ranging from 201 to 214 (n 5 5). In the

FIG. 1. Expression and purification of recombinant FlaB protein. Samples
from each step in the purification process were subjected to SDS-PAGE. Lane 1,
soluble lysate of uninduced E. coli; lane 2, soluble lysate of induced E. coli; lane
3, crude extract of induced cells prior to Ni-NTA affinity chromatography; lane
4, protein eluted from the Ni-NTA column with 80 mM imidazole; lane 5,
purified FlaB following electroelution. The positions of the molecular mass
markers are indicated. Lanes 1 and 2 contain total cell proteins from 1 ml of
culture with an A590 of 0.2. The recombinant protein FlaB is indicated with an
arrowhead.

FIG. 2. SDS-PAGE analysis of FITC-labeled and unlabeled recombinant FlaB protein. (A) A photograph of the gel taken under UV illumination. (B) The same
gel after Coomassie blue staining. Lane 1, reaction mixture (FlaB plus FITC) following 3 h of incubation at 37°C; lane 2, unlabeled FlaB; lane 3, FITC-labeled FlaB
after gel filtration chromatography. The recombinant protein FlaB is indicated with an arrowhead.
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presence of the tracer antigen, the MAT-negative sera gave
mean mP values of between 151 and 155 (n 5 4), which was
very close to the mP value obtained with the tracer antigen
alone. When the same serum samples were tested by Western
blotting with the tracer antigen, the presence or absence of
antileptospiral antibodies was confirmed. It was demonstrated
that Western blotting results were in agreement with FPA
results. These results suggested the feasibility of using FITC-
labeled recombinant FlaB as a tracer antigen for the detection
of antileptospiral antibodies by FPA.

A total of 416 field serum samples were then tested by FPA.
A total of 208 serum samples which were MAT positive for at
least one of the Leptospira serovars, pomona, sejroe, canicola,
icterohaemorrhagiae, grippotyphosa, or hardjo, were used to es-
timate the relative sensitivity of FPA, and 208 serum samples
which were MAT negative for the serovars listed above were
used to estimate the relative specificity of FPA. The relative
sensitivity and relative specificity were calculated by ROC anal-
ysis at different cutoff points. In this study, a large area (0.90;
95% confidence interval 5 0.856 to 0.918) was observed under
the ROC curve for FPA (data not shown), suggesting that FPA
could be a useful test for the serodiagnosis of leptospirosis. It
was demonstrated that at low cutoff points, FPA has a high
relative sensitivity and high negative predictive values; how-
ever, the relative specificity and positive predictive values were
low. At higher cutoff points, although the relative specificity
and positive predictive values were high, the relative sensitivity
and negative predictive values were low. The optimum cutoff
point for FPA from the ROC curve was 161 mP, which yielded
a relative sensitivity value of 83.7 6 0.01% and a relative
specificity value of 81.2% 6 0.01% (Table 1). The positive
predictive value was 81.7% and the negative predictive value
was 83.3% (Table 1). The distribution of data obtained with
the 416 serum samples that were positive or negative for an-
tileptospiral antibodies is shown in Fig. 4. The sample numbers
(y axis) were plotted against the mP value (x axis). An area of
overlap between MAT-positive and MAT-negative samples
was observed, in that some MAT-negative serum samples had
high mP values by FPA.

DISCUSSION

In the present study, we report on the development and
preliminary evaluation of a novel immunoassay, FPA, for the

detection of antileptospiral antibodies in a panel of bovine sera
with a fluorescein-labeled recombinant protein, FlaB, as the
tracer antigen. The FPA has been applied to the quantitation
of analytes, investigations of protein-protein interactions, li-
gand binding, and enzymatic activity, and monitoring of the
interaction between antibody and its epitope (5, 12, 14, 20, 21,
26, 29, 30, 35, 41, 46, 51, 52).

The first aim of this study was to produce highly purified
recombinant protein FlaB. By using a combination of Ni-NTA
affinity chromatography, electrophoretic separation by SDS-
PAGE, and electroelution, FlaB protein was recovered in a
homogeneous and antigenically active form. The role of pro-
tein FlaB in the immune response to Leptospira is not yet
known. Chang and Faine (9) demonstrated that leptospiral
flagella are highly immunogenic. Several studies have reported
that leptospiral flagella are recognized by antibodies induced
by natural and experimental leptospirosis in animals and hu-
mans, and antiflagellar sera have been shown to agglutinate the
whole leptospires (2, 10, 19, 22).

The second goal of this study was to label purified FlaB with
fluorescein and examine if it could be used as a tracer antigen
for the detection of antileptospiral antibodies by an FPA. Some
discrepancies in the migration of labeled and unlabeled FlaB
on SDS-polyacrylamide gels were observed. The labeled
FlaB seem to comprise at least two bands; however, unlabeled
FlaB appeared as a single band. The reason for this difference
is unclear. It is possible that the modification of FlaB with

FIG. 3. Western blot analysis of unlabeled FlaB (lanes 1) and FITC-labeled FlaB (lanes 2). Recombinant protein was electrophoresed on an SDS–12%
polyacrylamide gel, transblotted onto an NC, and immunostained with bovine sera containing antibodies against L. interrogans serovar pomona (A), L. borgpetersenii
serovar hardjo (B), and L. borgpetersenii serovar sejroe (C). Ten microliters of labeled and unlabeled protein was loaded into each lane. The recombinant protein FlaB
is indicated with an arrowhead.

TABLE 1. Characteristics of FPA for diagnosis of leptospirosisa

ROC cutoff
(mP)

Relative
sensitivity

(%)

Relative
specificity

(%)

Positive predictive
value (%)

Negative predictive
value (%)

121 99.5 15.9 54.2 97.0
141 97.1 40.4 62.0 93.3
151 93.3 66.3 73.5 90.8
161b 83.7 81.2 81.7 83.3
171 62.0 93.3 90.2 71.1
182 28.4 97.1 90.8 57.5
192 7.7 99.0 88.9 51.8

a The area under the ROC curve was 0.9, the standard error was 0.01, and the
95% confidence interval was 0.856 to 0.918.

b Cutoff point giving the most efficient screening characteristics of FPA.
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FITC may have resulted in at least two populations of labeled
proteins with different degrees of substitution.

Western blots of FITC-labeled and unlabeled FlaB were
performed with bovine serum samples with titers against Lep-
tospira serovars pomona, hardjo, and sejroe, as determined by
MAT, to confirm the antigenicity of FlaB. It was observed that
the labeled as well as the unlabeled FlaB proteins demon-
strated similar reactivities to the MAT-positive sera, indicating
the broad antigenic cross-reactivity of this recombinant pro-
tein. It also indicated that labeling with fluorescein did not
affect the antigenicity.

To evaluate the relative sensitivity and relative specificity of
FPA, a total of 416 field bovine serum samples were used. All
serum samples were initially tested once by MAT against Lep-
tospira serovars pomona, sejroe, canicola, icterohaemorrhagiae,
grippotyphosa, and hardjo. The majority of positive serum sam-
ples reacted to Leptospira serovar pomona, with other com-
monly reacting serovars being Leptospira serovars sejroe,
hardjo, and canicola. The relative sensitivity and relative spec-
ificity were calculated at different cutoff points by ROC anal-
ysis. The area under the ROC curve indicates the ability of
FPA to discriminate the sera with and without antibodies. The
larger the area under the ROC curve the better the test dis-
criminates. A perfectly informative test has an area of 1.0,
whereas a noninformative test has an area of 0.5 or less (24,
41). In this study, a large area (0.90; 95% confidence interval 5
0.856 to 0.918) was observed under the ROC curve for FPA,
suggesting that FPA could be a useful test for the serodiagnosis
of leptospirosis. A cutoff point of 161 mP yielded the best
combination of relative sensitivity (83.7%) and relative speci-
ficity (81.2%). However, the overall relative sensitivity may be
increased up to 99.5% (with a corresponding relative specificity
of 15.9%) if the cutoff is established at a lower point (121 mP).
The overall relative specificity may be increased to up to 99.0%
(with a corresponding relative sensitivity of 7.7%) if the cutoff
is established at a higher point (192 mP). The frequency dis-
tribution histogram for 416 MAT-positive and MAT-negative

bovine serum samples demonstrated an area of overlap be-
tween MAT-positive and MAT-negative samples, in that some
MAT-negative serum samples had high mP values by FPA.
One explanation for this overlap could be that MAT-negative
sera may contain nonagglutinating antibodies which were de-
tected by FPA but not by MAT since MAT detects agglutinat-
ing antibodies only.

It must be stressed that these results were obtained from
measurements performed with serum samples kept at 220°C
for a period of 2 to 3 years. It must also be noted that the
antisera used in this study are defined as positive or negative
for particular Leptospira serovars on the basis of MAT results
alone. Due to the difficulty and expense associated with the
culture of Leptospira, culture-positive or culture-negative se-
rum samples are not available.

In our study, some MAT-positive bovine serum samples
were found to be negative by FPA and some MAT-negative
serum samples were found to be positive by FPA. The results
could be inconsistent for a number of reasons, including the
presence of nonspecific components in the serum samples or
the presence of antibodies of an isotype(s) not recognized by
MAT. Several studies (2, 3, 22, 53) have demonstrated that the
agglutinins produced are mainly IgM. Some other studies (22,
56) have reported that very few animals and humans with
leptospirosis produce IgG agglutinins that can be measured by
MAT; however, the presence of IgG antibodies was detectable
by ELISA. Presumably, they were directed against nonagglu-
tinating antigens (39).

This report presents an efficient method for the purification
of flagellin recombinant protein FlaB from E. coli. The puri-
fication procedures presented here are rapid and easy to per-
form and provide the recombinant protein at a good recovery
rate and a high purity. This procedure can readily be scaled up,
therefore allowing the production of sufficient antigen for im-
munological and biochemical studies. We are encouraged by
the fact that FlaB appears to retain most of the features of its
native properties even after the multiple-step purification pro-

FIG. 4. Distribution of 416 MAT-positive (■) and -negative (h) bovine serum samples tested by FPA for the presence of antileptospiral antibodies. Total serum
sample numbers (y axis) were plotted against mP values (x axis), which is a measure of the fluorescence polarization.
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cedure. The analysis of our FPA data reveals that this test
could be a valuable addition to the existing methods for the
diagnosis of leptospirosis. MAT is the standard reference
method for the serodiagnosis of leptospirosis. MAT is labori-
ous and time-consuming; requires multiple serovars of fresh,
live bacteria and the maintenance of a large number of stock
cultures to provide antigens, which increases the risk of labo-
ratory-acquired infection; requires specialized laboratory facil-
ities; and is a sensitive detector of IgM antibodies alone. In
addition, the interpretation of the results is subjective, and
there is no field application. ELISA is simple and easily auto-
mated, but it is time-consuming and expensive. FPA has sev-
eral advantages over MAT and ELISA: (i) FPA is safe since it
uses fluorescein-labeled proteins instead of live bacteria of
multiple serovars as the antigen(s); (ii) it is a homogeneous
assay, with no blocking, washing, or antigen immobilization
steps required; (iii) it uses a single reagent; (iv) it is relatively
low cost; (v) it is simple; (vi) it is fast; (vii) it is a sensitive
detector of IgM, IgG, and IgA; (viii) its results can be assessed
objectively; and (ix) due to its rapidity and ease, it can be
adapted as a field test. These qualities indicate that FPA may
be a useful technique for diagnosis and epidemiological studies
of leptospirosis. We are in the process of conducting a large-
scale validation study in order to further investigate the per-
formance of FPA. Statistical analysis of the results obtained
with a larger panel of sera may result in a reevaluation of the
cut-off point and the relative sensitivity and relative specificity
values.
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