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Leptospirosis is considered an underdiagnosed disease. Although several PCR-based methods are currently
in use, there is little information on their comparability. In this study, four quantitative real-time PCR (qPCR)
assays (SYBR green and TaqMan chemistries) targeting the secY, lfb1, and lipL32 genes were evaluated as
diagnostic assays. In our hands, these assays can detect between 102 and 103 bacteria/ml of pure culture,
whole-blood, plasma, and serum samples. In three independent experiments, we found a slightly higher
sensitivity of the PCR assays in plasma than in whole blood and serum. We also evaluated the specificity of the
PCR assays on reference Leptospira strains, including newly described Leptospira species, and clinical isolates.
No amplification was detected for DNA obtained from saprophytic or intermediate Leptospira species. However,
among the pathogens, we identified sequence polymorphisms in target genes that result in primer and probe
mismatches and affect qPCR assay performance. In conclusion, most of these assays are sensitive and specific
tools for routine diagnosis of leptospirosis. However, it is important to continually evaluate and, if necessary,
modify the primers and/or probes used to ensure effective detection of the circulating Leptospira isolates.

Leptospirosis is a bacterial zoonotic disease caused by
pathogenic species of the genus Leptospira (13). The most
recent estimates indicate that there are more than 500,000
annual cases of severe leptospirosis worldwide, with a much
greater incidence in poor rural populations and urban slum
settlements in tropical regions. This neglected disease is ex-
pected to become an increasingly important health problem
due to predicted global climate changes (5, 12, 23) and expan-
sion of urban slum populations (12, 18).

Leptospirosis is usually transmitted to humans by contact
with water that is contaminated with the urine of animal res-
ervoirs. Leptospires penetrate abraded skin or mucous mem-
branes and disseminate into the organism. Infections in the
early stage of the disease are similar to influenza-like illnesses
and can lead to severe manifestations, such as Weil’s disease
and severe pulmonary hemorrhage syndrome, for which the
fatality rate is more than 10% (15). Early diagnosis is essential
because antibiotic treatment is most effective when it is initi-
ated early in the course of the disease (13).

Bacteria are found in the bloodstream in the first few days
after exposure. The septicemic phase, or leptospiremia, is fol-
lowed by an immune phase which is characterized by the ap-
pearance of antibodies and the clearance of leptospires from
the bloodstream. Culture isolation of causative organisms from
biological fluids (blood, cerebrospinal fluid, or urine) takes
several weeks, and antibodies can be detectable in the blood by

serological methods approximately 1 week after the onset of
symptoms. More recently, PCR-based methods have been de-
veloped for the diagnosis of leptospirosis (4).

In recent years, several real-time PCR assays have been
described, and these assays are now used in many diagnostic
and reference laboratories for the detection of leptospires in
biological fluids of patients. PCR of blood samples can rapidly
confirm the diagnosis in the early phase of the disease (within
the first 2 weeks of exposure) and before antibody titers are at
detectable levels. However, due to the small amount of lepto-
spira present in blood samples, very sensitive diagnostic tests
are required. In addition, the diversity of the genus Leptospira
has expanded, with several new species, including pathogens,
being described (4) since the first quantitative real-time PCR
(qPCR) assays were developed (14, 17, 21). Finally, one of the
critical factors for PCR detection is the DNA extraction from
the clinical specimen. In this study, we compared the sensitivity
and specificity of previously described PCR assays with both
SYBR green and TaqMan chemistries (1, 17, 22), as well as the
PCR performance of whole-blood, plasma, and serum speci-
mens after DNA extraction with two commercialized kits.

MATERIALS AND METHODS

Strain and culture conditions. The pathogens Leptospira interrogans serovar
Copenhageni strain Fiocruz L1-130, a clinical isolate obtained from a leptospi-
rosis outbreak in Salvador, Brazil (10), and L. borgpetersenii serogroup Mini
strain 200801773, isolated from a patient with acute leptospirosis in Mayotte,
France (3), were used in this study. Leptospires were cultivated in liquid Elling-
hausen-McCullough-Johnson-Harris (EMJH) medium (6, 8). Additional refer-
ence strains (n � 58) were obtained from the collection maintained by the
National Reference Laboratory for Leptospira, which is also a WHO Collabo-
rating Center, at the Institut Pasteur (Paris, France). We also included clinical
strains (n � 91) isolated from human and animals of different geographical
origins (mainland France and French overseas Territories) since 2007. Other
bacterial genomic DNA (Escherichia coli, Borrelia burgdorferi, Borrelia hermsii,
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Pseudomonas luteola, Plesiomonas shigelloides, Treponema denticola, and Salmo-
nella enterica serovar Mbandaka) were also tested by qPCR assays.

Blood collection. Blood was collected from healthy volunteers with no his-
tory of leptospirosis. Blood was drawn into Venosafe tubes containing EDTA
(Terumo) and BD Vacutainer tubes (BD Diagnostics). Serum was recovered
after centrifugation of the Vacutainer tubes at 3,000 rpm for 10 min. This
study was part of a protocol approved by the Institut Pasteur (protocol
RBM2008-16) and the French Minister for Higher Education & Research
(protocol AC-2007-44).

Spiking experiments. L. interrogans strain Fiocruz L1-130 was grown at 30°C
until the optical density reached 0.3 at 420 nm. Exponential-phase bacteria were
collected by centrifugation at room temperature and washed by resuspension in
physiologically buffered water (PBW), pH 7.6, consisting of 1,840 ml of 0.85%
NaCl and 160 ml of Sörensen buffer (0.83% Na2HPO4,12 H2O, and 0.11%
KH2PO4). Suspensions of live leptospires in PBW were counted in a Petroff-
Hausser counting chamber (Fisher Scientific) and adjusted to 2 � 108 bacteria/
ml. Tenfold serial dilutions from 2 � 108 to 2 � 103 bacteria/ml were then
performed in PBW. Blood samples were transported and processed for spiking
experiments a few hours after collection from volunteers. Bacterial suspensions
were spiked into 2 ml of whole blood and 1 ml of serum and PBW so that the
final concentrations were 0, 101, 102, 103, and 104 bacteria/ml (see Fig. 2). After
2 h of incubation at room temperature, plasma was collected by removing the
supernatant of 1.4 ml of a spiked whole-blood specimen after centrifugation at
1,500 rpm for 5 min.

Nucleic acid extraction. Nucleic acids were extracted from 100 �l of spiked
whole blood, plasma, serum, or PBW by a Maxwell 16 instrument (Promega) for
automated specimen processing by use of a Maxwell blood purification kit,
according to the manufacturer’s instructions (Promega), and using a QIAamp
DNA blood minikit (Qiagen, Inc., Valencia, CA), with elution into 200 �l of 10
mM Tris-Cl–0.5 mM EDTA buffer (pH 9.0). Genomic DNAs were extracted
from reference strains and clinical isolates from pure cultures by the Maxwell 16
instrument (Promega) using the Maxwell cell purification kit (Promega). PCR
assays were evaluated on calibrated DNAs (2 to 10 ng/�l), except when indicated.

The concentration of DNA was determined spectrophotometrically by mea-
surement of the absorbance at 260/280 nm using a Nanodrop 1000 apparatus
(Thermo Fisher Scientific).

qPCR assays. PCR assays were performed to amplify the lfb1 (17), secY (1),
and lipL32 (22) genes of pathogenic Leptospira spp. (Table 1). The CFX96
real-time PCR detection system (Bio-Rad) was used for all qPCRs. SYBR green
and TaqMan assays were optimized (primer/probe concentrations, annealing
temperature, and incubation time) with the SsoFast EvaGreen supermix (Bio-
Rad) and the SsoFast Probe supermix (Bio-Rad), respectively, according to the
manufacturer’s instructions, using 10-fold serial dilutions of L. interrogans and L.
borgpetersenii DNAs. For SYBR green assays, the amplification mixture con-
sisted of 0.4 �M primers (Table 1), 10 �l of SsoFast EvaGreen supermix (Bio-
Rad), and 5 �l template DNA in a total volume of 20 �l. Samples were amplified
with the following program: initial denaturation at 98°C for 2 min, followed by 40
cycles of denaturation for 5 s at 98°C and annealing/elongation for 30 s at 57°C.

For lfb1 assays, PCR was followed by a melting curve analysis. For TaqMan
assays, the amplification mixture consisted of 0.7 �M primers (Table 1), 0.15 �M
probe, 10 �l of SsoFast Probe supermix (Bio-Rad), and 5 �l template DNA in a
total volume of 20 �l. The program was initial denaturation at 95°C for 2 min,
followed by 40 cycles of denaturation for 5 s at 95°C and annealing/elongation for
30 s at 58°C. In order to detect PCR inhibitors from blood sample DNA extrac-
tion, a qPCR assay specifically detecting the human housekeeping gene rnaseP
was incorporated (22). All PCRs were run in duplicate, and control reactions
without template were included in each assay.

Statistics. Statistical analysis was performed using Prism software (version
5.0c; GraphPad Software, San Diego, CA). Significant differences between group
values were determined by one-way analysis of variance (ANOVA) at a P value
of �0.05.

RESULTS

Several PCR-based methods for detection of Leptospira
have been reported in the last decade. This study assessed the
relative performance of different quantitative assays (SYBR
green and TaqMan chemistries) using different primer sets for
the detection of DNA from Leptospira pathogenic species.
qPCR-based detection assays targeting the pathogen-specific
genes lfb1 (encoding a protein of unknown function) (17),
lipL32 (encoding the major surface antigen of pathogenic Lep-
tospira spp.) (22), and the housekeeping gene secY (encoding
the preprotein translocase) (1) were compared. An alternative
protocol for SYBR green quantification based on the TaqMan
qPCR assay targeting the lipL32 gene (22) was also tested
(Table 1).

Sensitivity of qPCR assays. After optimization of the qPCR
assays, we performed PCR on serial dilutions of genomic
DNAs from L. interrogans and L. borgpetersenii, which are the
two main causative agents of leptospirosis, to determine the
detection sensitivity of the assays. Except for the failure to
amplify secY from some L. borgpetersenii DNAs, all reactions
were positive (Table 2). For each PCR assay, the highest di-
lution (100 bacteria/�l) still yielding a positive signal contained
an average of one bacterial or five genome equivalents per
PCR (Table 2). Although quantification of bacteria relative to
genomic DNA mass is subject to sources of potential error, our
data suggest that actively growing leptospires (DNAs were

TABLE 1. Primers and probes used in this study

Primer or probe Sequence 5�–3� Targeta Reference or source

Primers
LFB1-F CATTCATGTTTCGAATCATTTCAAA lfb1 (LA0322) 17
LFB1-R GGCCCAAGTTCCTTCTAAAAG lfb1 (LA0322) 17
SecYIVF GCGATTCAGTTTAATCCTGC secY (LA0759) 1
SecYIVR GAGTTAGAGCTCAAATCTAAG secY (LA0759) 1
secY-R AGTTGAGCCCGCAGTTTTC secY (LA0759) 2
secY-F ATGCCGATCATTTTTGCTTC secY (LA0759) 2
LipL32-45F AAGCATTACCGCTTGTGGTG lipL32 (LA2637) 22
LipL32-286R GAACTCCCATTTCAGCGATT lipL32 (LA2637) 22
LipL32-Rb GAACTCCCATTTCAGCGAT lipL32 (LA2637) This study
RNAseP3F CCAAGTGTGAGGGCTGAAAAG rnaseP 22
RNAseP3R TGTTGTGGCTGATGAACTATAAAAGG rnaseP 22

Probes
LipL32-189P FAM–AAAGCCAGGACAAGCGCCG–BHQ-1b lipL32 (LA2637) 22
RNAseP3 FAM–CCCCAGTCTCTGTCAGCACTCCCTTC–BHQ-1 rnaseP 22

a The gene designation in L. interrogans serovar Lai strain Lai 56601 is given in parentheses.
b FAM, 6-carboxyfluorescein; BHQ-1, black hole quencher 1.
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extracted from exponential-phase cultures) may contain mul-
tiple copies of the genome per cell, as previously observed in
another spirochete (9). In an endpoint dilution experiment (10
fold-dilution of 5 bacteria per reaction mixture), the most
sensitive assay was the SYBR green and TaqMan assays tar-
geting lipL32; 7 out of 8 replicates and 4 out of 8 replicates for
this dilution were positive by the SYBR green and TaqMan
assays, respectively. Leptospiral DNA was amplified from 1 out
of 8 diluted samples that were tested with the secY and lfb1
assays (data not shown).

Specificity of the qPCR assays. Today, 20 species have been
described in the genus Leptospira. This includes 9 pathogenic
species (L. interrogans, L. kirschneri, L. kmetyi, L. borgpeterse-
nii, L. santarosai, L. noguchii, L. weilii, L. alexanderi, and L.
alstoni), 6 saprophytic species (L. biflexa, L. wolbachii, L.
meyeri, L. vanthielii, L. terpstrae, and L. yanagawae), and 5
intermediate species (L. inadai, L. broomii, L. fainei, L. wolffii,
and L. licerasiae), which are species of unclear pathogenicity
forming a group distinct from pathogens and saprophytes by
16S rRNA sequence analysis (4).

We tested the specificities of the qPCR assays using refer-
ence strains from the 20 Leptospira species (Table 3). None of
the saprophytic and intermediate strains tested by qPCR assay
showed positive amplification. All 9 pathogenic species, except
L. kmetyi, were amplified using the four qPCR assays. L. kme-
tyi, which was isolated from soil in Malaysia (20), is clustered to
the pathogenic group using 16S rRNA analysis (4). The patho-
gen-specific genes lfb1 and lipL32 were amplified from L. kme-
tyi but not secY (Table 3). After amplification and sequencing
with primers secY-R and secY-F (Table 1), we were able to
amplify the secY gene from L. kmetyi. secY sequence analysis
revealed four primer mismatches that could account for the
absence of amplification (Fig. 1). No amplification was de-
tected in DNA obtained from bacteria other than Leptospira.

We also tested the detection ability of the qPCR assays for
typing Leptospira strains on additional reference strains be-
longing to pathogens (see data in the supplemental material)
and 91 clinical strains (including 44 L. interrogans isolates, 22

L. borgpetersenii isolates, 17 L. kirschneri isolates, 5 L. weilii
isolates, and 3 L. santarosai isolates). PCR primers and probes
targeting lfb1 and lipL32 were found to be specific for our
clinical isolates (data not shown). However, in our hands, as
previously observed (Table 2), the Leptospira-specific secY
gene-targeted PCR with primers secYIVF and secYIVR was
not capable of detecting three L. borgpetersenii isolates from
Mayotte (Indian Ocean) (3). After amplification with another
set of primers (Table 1), alignment of the secY sequences
showed identical sequences between the three strains and re-
vealed mismatches to both of the primer sequences. This in-
cludes two mismatches located at the 3� end of the reverse
primer that may interfere with amplification (Fig. 1A). Since
secY is shared by all species of the genus Leptospira, including
saprophytes and intermediates, the use of degenerated primers
resulted in the amplification of some species other than patho-
gens (data not shown). By using secYIVF in combination with
secY-R (instead of secYVIR), the pathogenic strains with neg-
ative results (L. kmetyi and the L. borgpetersenii isolates) had
threshold cycle (CT) values of 20 to 22 (for 1 ng of DNA per
reaction mixture). To further determine the specificity of the
assay, genomic DNA of the 20 Leptospira species was tested.
None of the nonpathogenic species was amplified by secYIVF
and secY-R (data not shown).

Performance of the PCR assays was evaluated on calibrated
DNAs (1 ng/�l) extracted from a set of clinical isolates from
Mayotte which are representative members of new genotypes
(3). Of them, the same three strains that did not amplify with
the qPCR assay targeting secY showed mean CT values higher
than those for other isolates by using the TaqMan assay tar-
geting lipL32 (data not shown). Mismatches in the probe
and/or primers may be the cause of this discrepancy. Strains
which gave these abnormal CT results were further evaluated
by sequencing analysis. There were two mistmatches in the
reverse primer, including one mismatch located at the 5� end of
the primer that makes it likely to interfere with amplification;
one mismatch in the 3� end of the reverse primer; and two
mismatches in the TaqMan probe (Fig. 1B). This may prevent

TABLE 2. Mean CT of 10-fold serial dilutions of L. interrogans and L. borgpetersenii of real-time PCR assays

No. of
leptospires/�l

DNA
concn (ng/�l)

No. of gDNAb

copies/�l

Mean CT
a

SYBR green
TaqMan, lipL32

lfb1 secY lipL32

L. interrogans
105 2.5 500,000 20.19 20.21 19.15 20.46
104 0.25 50,000 23.16 23.21 22.53 22.60
103 0.025 5,000 26.41 26.50 25.70 26.27
102 0.0025 500 30.09 30.30 29.49 28.94
101 0.00025 50 34.18 32.19 32.67 34.15
100 0.000025 5 36.82 38.50 38.37 36.45

L. borgpetersenii
105 2.5 500,000 19.92 NA 19.88 18.94
104 0.25 50,000 22.52 NA 22.92 22.02
103 0.025 5,000 26.11 NA 26.26 25.80
102 0.0025 500 29.34 NA 29.38 29.31
101 0.00025 50 33.28 NA 33.04 32.90
100 0.000025 5 36.81 NA 36.19 36.37

a Mean of two independent experiments done in duplicate. NA, no amplification.
b Based on the size of the genome of L. interrogans strain Fiocruz L1-130 (4.6 Mb); 1 genome is �5 fg. gDNA, genomic DNA.
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optimal amplification and accurate quantification for these
isolates. Those samples with discordant results had signifi-
cantly lower CT values with primer LipL32-45F and reverse
primer LipL32-Rb, which does not include the 3� end nucleo-
tide of primer LipL32-286R. We did not detect variations in
target sequences of lfb1 primers among the sequenced PCR
products (data not shown).

Species differentiation may be possible on the basis of melt-
ing temperature (Tm) variability among the lfb1 amplification
products (17). For all L. interrogans strains (n � 70) except two,
a single melting peak at 81°C (�0.5°C) was observed and
demonstrated the ability to differentiate between L. interro-
gans, which is the most common pathogenic species, and other
pathogenic species by melting curve analysis (see the data in
the supplemental material). Two isolates of L. interrogans with
discrepant results (serovar Kremastos strain 2414VB and se-
rogroup Pyrogenes strain Nouméa 8) revealed a Tm of 83.5°C
instead of 81°C. L. kirschneri isolates (n � 29) exhibited a Tm

of 82.50°C (�0.5°C). Differentiation of L. interrogans and L.
kirschneri with a peak Tm difference of 1°C may therefore be
difficult. Other pathogenic Leptospira spp. (L. weilii, L. santa-

rosai, L. kmetyi, L. alexanderi, and L. noguchii) exhibited higher
Tms, but they may be difficult to distinguish among each other
according to their melting temperatures (see the data in the
supplemental material).

Detection and quantification of Leptospira in human blood
samples. To test the sensitivity of the qPCR assays for diag-
nosis, blood samples were isolated from healthy blood donors
according to standard procedures, and these samples were
artificially spiked with known concentrations of L. interrogans
(Fig. 2). The aim of this study was also to evaluate commer-
cially available DNA extraction kits, which should provide high
DNA yields and reduce inhibition to improve the results that
can be obtained with qPCR assays.

Total DNA was extracted using the Qiagen and Promega
kits (manually and automatically, respectively) and quantified
spectrophotometrically. These two methods exhibited similar
performance in DNA extraction from whole blood (9.3 � 0.65
ng/�l), plasma (2.45 � 0.37 ng/�l), and serum (1.65 � 0.37
ng/�l). The two kits similarly yielded pure and high-quality
DNA (A260/A280 ratio � 1.7 for purified DNAs). Quantifica-
tion of leptospires was assessed using the TaqMan probe tar-

TABLE 3. Bacterial strains used for real-time PCR assaysa

Species Strain

qPCR assay result

SYBR green
TaqMan, lipL32

lfb1 secY lipL32

Pathogens
L. interrogans Fiocruz L1-130 � � � �
L. kirschneri Moskva V � � � �
L. noguchii CZ 214 K � � � �
L. borgpetersenii M84 � � � �
L. weilii Celledoni � � � �
L. santarosai LT821 � � � �
L. alexanderi L 60 � � � �
L. alstoniib 79601 � � � �
L. kmetyi Bejo-Iso 9 � 	 � �

Intermediates
L. wolffii Khorat-H2 	 	 	 	
L. licerasiae VAR010 	 	 	 	
L. inadai LT64-68 	 	 	 	
L. fainei BUT6 	 	 	 	
L. broomii 5399 	 	 	 	

Saprophytes
L. wolbachii CDC 	 	 	 	
L. meyeri Veldrat 	 	 	 	
L. biflexa Patoc 1 	 	 	 	
L. vanthieliic WaZ Holland 	 	 	 	
L. terpstraed LT 11-33 	 	 	 	
L. yanagawaee Sao Paulo 	 	 	 	

Other bacteria
B. burgdorferi B31 	 	 	 	
B. hermsii HS1 	 	 	 	
E. coli XL10 	 	 	 	
T. denticola ATCC 35405 	 	 	 	
P. luteola LAM 	 	 	 	
P. shigelloides 24-78 	 	 	 	

a Results of qPCR assays with DNA extracted from pure cultures (�2 ng/�l) and pathogenic status of Leptospira spp. are indicated.
b Genomospecies 1.
c Genomospecies 3.
d Genomospecies 4.
e Genomospecies 5.
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geting lipL32. For samples spiked with 103 L. interrogans bac-
teria/ml, the DNA extracted with the two kits produced
positive results for all samples in each of the three experiments
(Fig. 3). PBW spiked with leptospires had CT values (34.33 �

0.85 and 35.77 � 0.64) similar to the CT values obtained for
spiked blood specimens (from 34.36 � 0.97 to 36.19 � 0.85),
suggesting little inhibition of the assay by blood samples. Since
the Promega kit used was designed for blood extraction (Max-
well blood DNA purification kit), this kit was less efficient in
DNA purification from L. interrogans diluted in PBW than
from L. interrogans in other samples (Fig. 3). One-way
ANOVA analysis of the CT values for the spiked samples
showed a significant inhibition of nucleic acid in serum speci-
mens extracted by the Qiagen kit in comparison to the inhibi-

FIG. 1. Nucleotide sequence polymorphisms of secY and lipL32. Alignment of secY (A) and lipL32 (B) nucleotide sequences of L. interrogans
serovar Copenhageni strain Fiocruz L1-130 (FioL1-130), L. kmetyi strain Bejo-Iso 9 (L. kmetyi), L. borgpetersenii strain 200801773 (Lborg1773),
and L. borgpetersenii strain 200801929 (Lborg1929). Primer and probe sequences are represented with a black background (L. interrogans strain
Fiocruz L1-130 serves as the template DNA for the published sequences of primers and probe). Nucleotides with a white background within the
black background indicate mismatched positions.

FIG. 2. Schematic representation of study design.

FIG. 3. Box plot of the mean CT for DNA extracted from whole
blood, plasma, serum, and PBW spiked with 103 L. interrogans/ml.
Bacteremia was assessed using qPCR assay with the TaqMan probe
targeting lipL32. A one-way ANOVA (Dunnett’s multiple comparison
test; *, P 
 0.05) was used to compare the mean CT of DNA extracted
from whole blood (WB), plasma (PL), serum (SE), and PBW using the
Qiagen (Q) and Maxwell (M) DNA purification kits. Each box repre-
sents the interquartile spread between the first and third quartiles
(25th and 75th percentiles). The line inside the box is the median, and
the lines extending from the box represent minimum and maximum
values.
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tion of other nucleic acid extracts prepared by any method
(n � 6 for each sample, P 
 0.05) (Fig. 3). For lower concen-
trations of 102 bacteria/ml, plasma was the only blood fraction
from which DNA was extracted to produce positive results
(data not shown).

DISCUSSION

Leptospirosis is often diagnosed late, due to its wide spec-
trum of symptoms, ranging from a flu-like syndrome to renal
failure, that mimic the clinical presentations of many other
diseases, such as dengue and malaria. The diagnosis of lepto-
spirosis is also challenging, as culture of Leptospira and sero-
conversion require weeks (4). qPCR assay is therefore highly
useful for early diagnosis of leptospirosis. However, Leptospira
is found in the bloodstream within the first week of illness and
in relatively low numbers. It has been shown that a density of
104 leptospires/ml was a critical threshold for the vital prog-
nosis of patients (19, 24). Blood samples also have to be col-
lected by 2 days after the start of antibiotherapy, since antibi-
otics quickly remove Leptospira from the blood.

The sensitivity of the PCR assays has been determined in the
studies described in the original publications (1, 17, 22). The
limit of detection was repeatedly determined to be approxi-
mately 1 leptospire per PCR mixture for pure cultures (103

bacteria/ml). Under similar conditions, our lower limit of de-
tection for each assay was comparable to those in these pub-
lished studies. We then evaluated which of the blood fractions
(whole blood, plasma, and serum) and nucleic acid extraction
kits had the most efficient recovery for clinical samples. In our
spiking experiments with blood samples, qPCR assays would
allow specific and sensitive detection of 103 bacteria per ml.
Leptospira spiked at 102 bacteria/ml was better detected in
plasma, which corresponds to the fraction collected after cen-
trifugation of the tube with whole blood. For DNA extraction
from plasma, the use of both a larger sample volume (500 �l
instead of 100 �l) and a smaller elution volume (50 �l instead
of 200 �l), resulting in a 10-fold increase in DNA concentra-
tion, increased the likelihood of a positive result (data not
shown).

Recent reports have already compared different blood frac-
tions for detection of leptospiral DNA in clinical specimens
(11, 22). A detection limit of 101 to 102 leptospires/ml of blood
was usually determined (1, 22). Serum PCR was found to be
less sensitive than PCR performed on other fractions for de-
tection of Leptospira DNA (11, 22). In our hands, serum was
also found not to be the best fraction for detecting leptospires,
whatever the kit of DNA extraction used. Because leptospires
can be detected in the clot, spiking experiments before clotting,
which was not the case in our study, would decrease the num-
ber of leptospires in serum (22).

The most sensitive and specific qPCR assays for the detec-
tion of pathogenic Leptospira species are the SYBR green and
TaqMan assays targeting lfb1 and lipL32, respectively. Because
detection of Leptospira by rapid and less expensive methods
than the TaqMan assay using SYBR green could be an impor-
tant diagnostic tool, we also modified the TaqMan protocol
targeting lipL32 established by Stoddard et al. (22). This SYBR
green assay targeting lipL32 showed similar performance. The
melting curve analysis of the assay targeting lfb1 provides use-

ful additional information, as it can differentiate between L.
interrogans and other pathogenic species (see the data in the
supplemental material). Our results indicate that the qPCR
assay targeting secY was not 100% specific for the detection of
pathogenic Leptospira. The lack of sequence homology in
newly described species and exotic isolates, such as some clin-
ical isolates from Mayotte (3), can lead to false-negative results
or decreased sensitivity. For example, mismatches located in
the 3�-end region of primers, such as the one identified for the
reverse primers of secY and lipL32 (Fig. 1), are well-known to
be exceptionally detrimental to PCR priming. These mis-
matches are likely to be the cause of the underquantification of
some strains in blood samples. This was confirmed by modify-
ing the set of primers used for the amplification of secY and
lipL32. The PCR assays may also not be suitable tools to screen
for so-far-undescribed pathogenic strains. Failure to detect
some isolates upon diagnosis can significantly impact patient
care. Further sequence analysis of target genes of circulating
Leptospira strains will need to be undertaken to evaluate the
impact of nucleotide mismatches on PCR diagnosis. The re-
design of the probes and primers should improve the sensitivity
in detecting pathogenic Leptospira isolates.

To increase specificity for the saprophytes and the so-called
intermediates, PCR assays targeting the 16S rRNA genes (7,
16) can also be used. This may facilitate the identification of
previously undescribed species and/or strains unrelated to
pathogens. Recently, intermediate species have thus been im-
plicated in long-term renal carriage by asymptomatic individ-
uals (7).

In conclusion, all four molecular assays are reliable methods
for the detection and quantification of pathogenic Leptospira in
clinical samples. The tests that show better performance on
local isolates in the individual laboratory should be selected.
Multicenter comparison should also be carried out to validate
the usefulness of each test as a diagnostic tool. It is recom-
mended that more than one technique be used to increase the
diagnostic sensitivity and specificity; this can be performed by
developing real-time multiplex PCR assays. The use of more
than one target may be important to distinguish between true-
and false-positive PCR results.

This study provides the first description of nucleotide mis-
matches in the currently used PCR assays and highlights that
further sampling and sequencing of circulating Leptospira iso-
lates are required to optimize the PCR for diagnosis of lepto-
spirosis.
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