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SUMMARY  Microscopic agglutination test (MAT), as well as other serological assays that aimed at detecting an-
tibodies to Leptospira, supplements the leptospirosis diagnosis based on the clinical features.  Nevertheless, false 
positive results have been occasionally reported when the crude antigen was used in those antibody-based tests 
due either to the presence of antibodies stimulated by other antigenically related pathogens in the patient’ s serum, 
or the antibodies in the serum may be stimulated by a previously unrecognized Leptospira infection, especially in 
the disease endemic areas.  Thus, the more refined antigen should improve the serodiagnostic accuracy.  Among 
Leptospira spp., LipL32, which is a pathogenic Leptospira outer membrane protein (OMP), expressed by the bacte-
ria grown both in vitro and in vivo.  In this study, recombinant LipL32 protein was tested by a dipstick method for its 
potential in serodiagnosis of leptospirosis.  Preliminary results suggest that the recombinant LipL32 is a good diag-
nostic detection reagent for specific Leptospira IgG. Diagnostic sensitivity and specificity of the Lip32 dipstick as-
say, when compared to those of MAT, were 100% and 98.33%, respectively.
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 Leptospirosis, a global re-emerging zoonotic 
infection caused by pathogenic Leptospira spp., is an 
important human and veterinary health problem, es-
pecially in the tropical and subtropical regions.1-3 In 
Thailand, human cases of leptospirosis increased re-
markably during 1995 to 2002. Currently, the disease 
prevention and control have received much attention 
and concern by the public health authority (Thailand 
Ministry of Public Health Reports 1995-2002). 
  

Leptospirosis causes mild to severe clinical 
manifestations, which include fever, myalgia, head-
ache, conjunctival suffusion, hepatomegaly, hemor-
rhage, jaundice and renal failure. Mortality rate may 
be high.4-5  The clinical features at the early phase of 
illness are not specific and may be confused with 

other febrile illness, such as dengue fever, malaria, 
melioidosis, typhoid, rickettsial infections, and oth-
ers.6  Thus laboratory tests are often required to con-
firm the clinical diagnosis and to help indicating the 
remedy. Positive Leptospira culture of specimen 
such as blood, urine and/or cerebrospinal fluid is the 
most specific diagnostic methods. However, it is lim-
ited by the poor sensitivity and the requirement of a 
long incubation time, i.e. several weeks, before the 
bacterial growth is seen. Thus, it is useful only as an 
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epidemiological information and not for treatment 
indication  Alternative diagnostic methods are the 
antibody detection tests; among which the micro-
scopic agglutination test (MAT) is the most common 
assay.7-8 However, MAT has several drawbacks, es-
pecially the need to maintain several serogroups and 
serovars of live Leptospira spp. for antigen prepara-
tion8-10  Thus, many immunological tests, such as the 
macroscopic slide agglutination test (MSAT), indi-
rect immunofluorescent test, indirect hemagglutina-
tion test, and ELISA11-21 which do not need living 
Leptospira spp. have been developed as an alterna-
tive of the MAT.  However, most tests still use anti-
gens extracted from whole organisms, and thus prob-
lem of the false positive results due to cross reacting 
antibodies in patients with other diseases, such as 
syphilis, lyme disease, dengue hemorrhagic fever 
and hepatitis, have not been solved.22-25 Recently, 
Saengjaruk et al.26 used specific monoclonal anti-
body in an antigen detection assay for diagnosis of 
current leptospirosis.   

 
In this study, the gene encoding LipL32, an 

outer membrane protein of ~32 kDa which is found 
only in pathogenic Leptospira spp., was cloned from 
Leptospira interrogans serovar bratislava genome. 
The recombinant protein was used as an antigen for 
detecting Leptospira spp. specific antibody by a dip-
stick assay. Our preliminary data suggested that the 
recombinant LipL32 protein is a suitable diagnostic 
antigen.   
 

MATERIALS AND METHODS 
 
Bacterial strains 
   

Strains of Leptospira spp. used in this study 
were obtained from the Department of Medical    
Sciences, Ministry of Public Health, Nonthaburi, 
Thailand. The bacteria were cultivated in a bovine 
serum albumin-Tween-80-supplemented Ellinghausen 
McCullough Johnson and Harris medium (EMJH)   
(Difco, USA).  
 
Serum samples 
 

Serum samples were obtained from the pa-
tients admitted for treatment at King Chulalongkorn 
Memorial Hospital, Bangkok, Thailand. The samples 
were divided into two groups; samples of the first 

group were from 20 patients with clinically diag-
nosed leptospirosis whose other serum samples taken 
later in the course of the infection, were positive for 
antibody to Leptospira by MAT and indirect im-
munofluorescent assay (IFA).  Samples of the second 
group were from 20 patients who were serologically 
positive for Treponema pallidum infection by FTA-
ABS. Sera of 20 healthy medical students which had 
been kept in a freezer at the Department of Microbi-
ology, Faculty of Medicine, Chulalongkorn Univer-
sity in Bangkok, Thailand, served as negative con-
trols.  
 

Microscopic agglutination test (MAT) 
 
        MAT was used as a reference method for identi-
fying sera of patients with leptospirosis.  For screen-
ing, aliquots of individual sera diluted 1:100 were 
incubated with live Leptospira spp., i.e., L. interro-
gans serovars autumnalis, ballum, bataviae, brati-
slava, canicola, celledoni, cynopteri, djasiman, grip-
potyphosa, hebdomadis, icterohaemorrhagiae, 
javanica, saigon, panama, pomona, pyrogenes, se-
jroe, and  L. biflexa serovar patoc strain Patoc I) at 
25°C for 2 hours. Aliquot of 10 μl from each mixture 
was examined for bacterial agglutination using a 
dark-field microscope. Serum which was positive for 
MAT at the dilution 1:100, was then diluted serially 
(started from 1:100) and retested against the respec-
tive serovar(s) to determine the agglutination titer. 
Serum samples with the titer 1:100 or higher was 
considered positive by MAT.   
 

Indirect immunofluorescent assay (IFA) 
 
 Beside tested by MAT, serum samples were 
also tested by IFA for specific IgG and IgM antibod-
ies to Leptospira.  L. interrogans serovar bratislava 
was used for preparing IFA antigen slides. Each se-
rum sample was diluted serially, starting from 1:100. 
Each diluted aliquots was incubated with the Lepto-
spira bacteria fixed on the slide, then washed. The 
antibodies bound to the fixed bacteria were revealed 
using either anti-human IgG- or IgM-conjugated 
with FITC (The Binding Site, Birmingham, UK). 
The IFA titer was the highest antibody dilution that 
~50% of the leptospires on the slide were fluoresed. 
Antibody titer 1:100 or higher was considered posi-
tive for IFA. 
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Amplification of lipl32 DNA sequence by PCR 
 
 Genomic DNA extracted from Leptospira of 
various serovars, i.e. bratislava, autumnalis, ballum, 
bataviae, canicola, celledoni, cynopteri, djasiman, 
grippotyphosa, hebdomadis, icterohaemorrhagiae, 
javanica, louisiana, panama, pomona, pyrogenes, 
sejroe and non-pathogenic L. biflexa serovar  patoc )  
were amplified using primers specific for the  lipl32 
gene: 5'-TTACCGCTCGAGGTGCTTTCGGTGGT-
CTGC-3' and 5'-TGTTAACCCGGGTTACTTAGT-
CGCGTCAGA-3'.31  The PCR was carried out using 
the following conditions: denaturation at 94oC for 3 
minutes, denaturation at 94oC for 1 minute, primer 
annealing at 59oC for 1 minute, and DNA extension 
at 72oC for 1 minute. The reaction was repeated for 
20 cycles. Amplification of 16S RNA gene using 
primers: 5’-GGTAAAGATTTATTGCTCGG-3’, and 
5’-AAA TAA GCA GCA ATG AGA TG-3’33 served 
as an internal control.  PCR product was subjected to 
1% agarose electrophoresis and the DNA amplicon 
was visualized under UV illumination. The PCR am-
plicon sizes for the lip32 and 16R-RNA genes were 
782 bp and 285 bp, respectively. 
 
Cloning and expression of LipL32 protein 
 
    Cloning of the lip32 DNA into the plasmid, i.e. 
pRSETc (kindly provided by Professor Ming-Jeng 
Pan, Graduate Institute of Veterinary Medicine, Na-
tional Taiwan University) was done according to 
method previously described.31 Briefly, the lipl32 
DNA was purified from the agarose gel using Nu-
cleospin (Macherey-Nagel, Germany) according to 
the manufacturer’s instruction. The purified PCR 
product and the plasmid pRSETc were cut with ap-
propriate restriction enzymes and ligated to the ap-
propriately cut plasmid. The lip32-recombinant 
pRSETc plasmid was introduced into E. coli BL21 
(DE3) (provided by Assistant Professor Wimon 
Chancham, Faculty of Science, Ramkamhaeng Uni-
versity, Thailand). The recombinant E. coli clones 
were selected and confirmed for the presence of 
lipl32 gene by PCR amplification and DNA sequenc-
ing (ABI Prism Bigdye Terminator Cycle Sequenc-
ing Ready Reaction Kit version 3.1 and the Perkin 
Elmer 9600 automated nucleic acid sequencer). 
   
  The selected transformed E. coli clone was 
grown and Lip32-protein expression was induced by 

IPTG (Bio-Basic, Canada). The appropriate IPTG-
induction time for maximum protein expression was 
2 hours. The Lip32 protein (with His-tag) was purified 
from the E. coli periplasmic proteins using the Ni-
NTA spin column (Qiagen, USA) according to the 
manufacturer’s instruction. Purity and reactivity of 
the purified protein were tested by immunoblotting 
against SDS-PAGE-separated Leptospira antigen.   
 
Antiserum to Lip32   
 
 The antiserum to Lip32 was a kind gift from 
Professor Ming-Jeng Pan.    
 
Dipstick assay 
  
 Checkerboard titration for selecting the op-
timal conditions was done by varying the amounts of 
Leptospira antigen, various dilutions of the serum 
sample and the secondary antibody, i.e. anti-human 
IgG- or IgM- conjugated with alkaline phosphatase 
Recombinant LipL32 at appropriate concentration 
was dotted onto a nitrocellulose membrane (NC) 
strip attached to plastic. The strips were air-dried and 
blocked with 5% skim milk before incubating with 
appropriately diluted serum sample. Antigen-anti-
body reaction was visualized by incubating the strip 
with anti-human IgG- or IgM-alkaline phosphatase 
conjugate (Dako, Denmark). Color development was 
performed using NBT/BCIP substrate solution (Bio-
Basic, Canada). Positive result was indicated by the 
appearance of a purplish-blue spot at the location 
where the antigen was dotted.  Negative controls 
were spots on the same NC strip where only anti-
human IgG- or anti-human IgM (20 ng) was dotted 
(no antigen or serum was applied).   
 

RESULTS 
 
Result on amplification of lipl32 DNA from ge-
nomic DNA of various Leptospira spp. 
 
    As shown in Fig. 1, lipl32 gene sequence 
could be amplified from genomic DNA of all tested 
pathogenic Leptospira serovars (lanes 1-17, Fig. 1 
top), whereas the amplicon was not seen when ge-
nomic DNA of the non-pathogenic Leptospira was 
used as the template (lanes 18, Fig. 1 top).  The 285 
bp PCR products from 16sRNA were detected in all 
strains tested (lanes 1-18, Fig. 1 bottom). 
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Immunological reactivity of the Recombinant 
LipL32  
 
 The DNA amplicon of recombinant pRSETc 
carrying lip32 from PCR was sequenced to ensure 
accuracy of the lip32 DNA insert. The plasmid was 
shown to contain the lip 32 insert (with a sequence 
homology to that of the lipL32 deposited in the Gen-
bank (accession number AF111292) (data not 
shown). Lip32 was induced to be expressed from a 
selected transformed E. coli clone and the protein 
was purified. SDS-PAGE-separated recombinant 
Lip32 stained with    Coomassie Brilliant Blue dye 
showed a stained band at ~32-kDa (Fig. 2). Im-
munoblotting of the SDS-PAGE separated-recombi-
nant Lip32 with specific antibody to Lip32 or serum 

of MAT/IFA positive leptospirosis patient revealed 
an antigen-antibody reactive band at ~32 kDa (lane 
1, Fig. 3 top). However, there was no band in the 
immunoblot when the SDS-PAGE-separated recom-
binant Lip32 was probed with serum sample positive 
for antibody to T. pallidum or serum from a healthy 
individual (lanes 2 and 3, respectively, Fig. 3 bot-
tom).     

 M    1    2    3    4    5    6    7   8     9   10   11  12    M   13   14   15   16  17  18 
 

 

M   1    2    3    4    5   6    7    8    9   10   11  12       M  13 14  15 16 17 18  

 
 
 
Fig. 1  PCR products using primers specific for lipl 32 gene (top) and 16sRNA (bottom). DNA from pathogenic 

Leptospira serovars Bratislava (Lane 4) and other serovars: Autumnalis (Lane 1), Ballum (Lane 2), Ba-
taviae (Lane 3), Canicola (Lane 5), Celledoni (Lane 6), Cynopteri  (Lane 7), Djasiman (Lane 8), Grippo-
typhosa (Lane 9), Hebdomadis (Lane 10),   Icterohaemorrhagiae (Lane 11) Javanica (Lane 12), Louisi-
ana (Lane 13), Panama  (Lane 14),   Pomona (Lane 15), Pyrogenes (Lane 16),   Sejroe (Lane 17) and  
non-pathogenic L. biflexa Patoc I (Lane 18) were amplified.  Arrow indicated the 782 and 285 bp PCR 
products of  lipL32 and 16sRNA, respectively).  M = 100 bp marker. 

       285 bp 

      782 bp

 
Recombinant LipL32  as an antigen  in a dipstick 
assay 

 
From titration, the optimum concentration of 

the recombinant Lip32 in the dipstick assay was 50 
ng per dot; while the optimum dilutions of the lepto-
spirosis patient’s serum and the anti-human IgG-
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Fig. 2  Purification of LipL32-His protein.  Samples 
from purification process of LipL32-His using 
Ni-NTA column were subjected onto 10% 
SDS-PAGE and protein bands were visualized 
by Coomasie staining.  Lane M is from protein 
molecular weight markers.  Lanes 1 and 2 are 
from crude bacterial cell lysates.  Lanes 3 and 
4 are from flow through of the washed column.  
Lane 5 is from the eluate which contained the 
protein as an apparent molecular weight of 32 
kDa. 

 

 
 

 
 
Fig. 3  Immunoblotting of LipL32-His.  Each strip 

was from LipL32-His (0.5 ug) subjected to 
10%SDS-PAGE and transferred onto nitro-
cellulose membrane.  The membrane was  
probed with antisera specific to LipL32 (lane 
1 ,top), serum from a patient positive for an-
tibody to Leptospira (lane 1, bottom), serum 
from a patient positive for antibody to T. pal-
lidum (lane 2, bottom), serum from a healthy 
volunteer negative for Leptospira antibody 
(lane 3, bottom) and secondary antibody 
alone (lane 2, top and lane 4, bottom).  All 
sera were diluted at 1:200. 

1 2

alkaline phosphatase conjugate were 1:50 and 1: 
2,000, respectively. Dipstick assay using these con-
ditions showed positive spots distinguishable from 
the non-specific background in the negative control 
spots. Serum samples of group 2, i.e. positive for an-
tibody to T. pallidum did not reveal the positive spot 
when tested by the same condition using the Lip 32 
as the antigen, implying high specificity of the dip-
stick assay.     

 
Anti-human IgM-alkaline phosphatase con-

jugate was also subjected to the checkerboard titra-
tion to determine the optimum concentrations of re-
combinant Lip32 and the optimum dilutions of pa-
tients’sera and the second antibody for the dipstick 
assay. However, no visible positive spots were re-
vealed using serum samples of both groups 1 and 2.  
When the anti-human IgM-alkaline phosphatase at 
higher concentration (e.g. 1:500) was used, weakly 
positive spots were shown with serum samples of the 
group 1 (diluted 1:25, 1:50 and 1:100). Besides, 
positive reactions were also observed when sera of 
group 2 were tested under these conditions, implying 
the low specificity of the assay. 

 
The optimum concentration of the recombi-

nant Lip32 (50 ng per dot), and the optimum dilu-

tions of the patients’ sera (1:50) and the anti-human 
IgG-alkaline phosphatase conjugate (1:2,000) were 
used for testing sera of all three groups. 
   

Figs. 4A, B and C show the representative of 
IgG dipstick positive results tested on serum samples 
of patients with leptospirosis (group 1). Table 1 
shows results of sera of all groups tested by the IgG-
dipstick assay.  All sera of group 1 (leptospirosis pa-
tients whose sera were MAT/IFA positive) were 
positive by the dipstick assay.  One of 20 samples of 
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A 

 
B 

 
C 

          

Fig. 4  Examples of results from dipstick assay for de-
tection of IgG antibody specific for Leptospira.  
Each strip was coated with 20 ng of anti-human 
IgG (upper dot) as an internal control and 50 
ng of LipL32-His protein (lower dot), probed 
with 1:50 dilution of sera positive for antibody 
to Leptospira (A), positive for antibody to T. 
pallidum (B) and sera from healthy volunteer 
(C) then followed by anti-human IgG antibodies 
conjugated with alkaline phosphatase at 
1:2,000 dilution.  Each strip was the result of  
individual serum sample. 

group 2 (patients whose sera were FTA/ABS posi-
tive) was also positive by the dipstick assay, while 
no sample of group 3 (healthy controls) gave positive 
results.  Thus, the IgG dipstick assay has 100% sen-
sitivity compared with MAT and IFA and 98.33% 
specificity.   

Seventeen of 20 samples of group 1 were 
negative and 3 gave weakly positive by IgM dipstick 
assay. None of the sera of groups 2 and 3 was posi-
tive by the IgM dipstick assay.  
 

DISCUSSION 
 

In Thailand, most reported leptospirosis 
cases were from rural areas, therefore, diagnostic 
tests should not only be specific but also rapid for 
timely administration of antibiotics or other treat-
ments.3,32,34   Many diagnostic tests using a variety of 
immunological principles have been established in 
order to supplement the MAT assay.  Most tests util-
ized whole-cell extracts as the antigen.21, 35-37 False 
positive reactions have been reported when samples 
from patients with other diseases such as hepatitis, 
syphilis, infections by dengue virus, cytomegalovi-
rus, mycoplasma and Epstein-Barr virus were test-
ed22-25, 38-43.   

    Control
 
     Test 

 
Because a more specific test for laboratory 

diagnosis of leptospirosis is required, purified anti-
gens have been the next step in the diagnostic assays. 
Gene and protein expression in bacteria change in re-
sponse to the environment in order to adapt and in-
teract with their specific environment. For this rea-
son, the candidate antigen for antibody detection 
should be the one that is expressed during infection 
and is able to induce an immune response. Outer 
membrane proteins were selected since their surface 
exposure makes them accessible to immune recogni-
tion and attack.  Outer membrane proteins of Lepto-
spira have been characterized by both biochemical 
and molecular biology methods. These include 
OmpL1, LipL32, LipL36, LipL41 and LipL48 and 
other less well-characterized outer membrane pro-
teins such as proteins at molecular masses of 16, 21, 
21.5, 22, 31, 36, 44, 48, 90 and 116 kDa.44-49

          Control
      Test     

         Control
      Test     

 
LipL32 is an outer membrane protein which 

is highly conserved among pathogenic leptospires 
and was found to be expressed in the proximal tu-
bules of infected animals.  In addition, it is a promi-
nent immunogen during leptospirosis. From im-
munoblotting experiments, acute and convalescent 
phase sera of human leptospirosis showed great reac-
tivity against LipL32 protein.31  Expression of this 
protein in laboratory cultures has also been demon-
strated. For those reasons, LipL32 was chosen to be 
the center of this study. 
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 Although, LipL32 gene has been cloned and 
protein expression has been done from Leptospira 
serovar Kirschneri and Shermani,31 the serovar most 
commonly reported in Thailand, L. interrogans se-
rovar Bratislava has not been investigated.  This 
study successfully cloned and expressed LipL32 in 
vitro as demonstrated earlier.  The cloned gene has a 
sequence homology to lipl32 from other serovars, 
which confirms that lipl32 is conserved.  As men-
tioned earlier, there are more than 200 serovars of 
leptospires identified throughout the world, only a 
few of which have been demonstrated to possess the 
lipl32 gene.  In addition to the serovar Bratislava, in 
this study, the lipl32 gene was also demonstrated in 
16 other pathogenic serovars reported in Thailand.      
 

Since we considered that a rapid test is 
needed for leptospirosis diagnosis, establishing a 
dipstick assay using purified His-LipL32 was initi-
ated.  We attempted to detect antibodies specific to 
Leptospira with both IgM and IgG subtypes.  How-
ever, only specific IgG antibody could be detected.  
According to our preliminary data, the sensitivity 
and specificity for IgG detection were quite high 
(100 and 98.33%, respectively) when compared with 
MAT. IFA was also done to demonstrate the subtypes 
of antibodies. Serum samples positive for antibody to 
T. pallidum were included for non-specificity testing 
since bacteria of the Genus Treponema are also spi-
rochetes with demonstrated cross-reactivity when 
sera from syphilis patients were tested with leptospi-
ral antigens.44,49 In our study, only one out of 20 
samples gave a false positive result. Moreover, all 
sera from healthy volunteers gave quite clear nega-
tive results.  Although the results from IgG detection 
were promising for further study, specific IgM anti-
body was weakly detected in only 3 out of 20 sam-
ples proven positive for antibody to Leptospira.  This 

may be due to the fact that certain antigens can only 
induce certain subtypes of immunoglobulin. It has 
been shown that most IgM antibodies were specific 
to lipopolysaccharide (LPS) whereas most IgG anti-
bodies were specific to protein fractions. Chapman et 
al.50 demonstrated that when leptospiral antigens 
were treated with proteinase K, the pattern of IgM 
antibody recognition was unchanged, whereas most 
bands obtained from IgG antibody were lost when 
compared with non-treated antigens.  However, lar-
ger and more diverse groups of samples and different 
types of antigens are needed to be examined in order 
to clearly explain the observed results.   

 
Table 1   Comparison of results from MAT, IFA and dipstick assays for the detection of antibody to 

Leptospira 
 

IFA Dipstick  (His-LipL32 Ag) 
Serum samples N MAT 

IgG IgM IgG IgM 

A 20 P P P P W = 3, N = 17 
B 20 N N N N = 19, P = 1 N 
C 20 N N N 
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