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Aseptic meningitis caused by Leptospira spp
diagnosed by polymerase chain reaction
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Leptospirosis is a zoonotic disease caused by the pathogenic Leptospira spp. The clinical presentations are diverse,
ranging from undifferentiated fever to fulminant disease including meningeal forms. The neurological leptospirosis
forms are usually neglected. The aim of this study was to investigate leptospirosis as the cause of aseptic meningitis
using different diagnostic techniques including the polymerase chain reaction (PCR). Thirty-nine cerebrospinal fluid
(CSF) samples from patients presenting with meningeal abnormalities, predominance of lymphocytes and negative re-
sults by traditional microbiological tests were processed by leptospiral culture, anti-leptospiral antibody response and
PCR. Leptospira spp DNA was detected in 23 (58.97%) of the CSF samples. Anti-leptospiral antibodies were found in
13 (33.33%) CSF samples. Twelve CSF samples were positive by PCR assay and negative by microscopic agglutination
test (MAT) assay. Two CSF samples were positive by MAT and negative by PCR. The positive and negative agreement
between both tests was 11 and 14, respectively. CSF samples from six cases of unknown diagnosis were positive by PCR
assay. Eight cases showed positive results using PCR and MAT. Leptospirosis could be detected by PCR assay from
the 3rd-26th day after illness onset. The sensitivity of the PCR was assessed with confirmed cases of leptospirosis (by
MAT) and found to be 89.5%. All CSFs were negative by culture. PCR was found to be a powerful tool for diagnosing
meningitis cases of leptospirosis. We recommend that it may be used as a supplementary diagnostic tool, especially in
the early stages of the disease, when other diagnostic techniques such as serology are not sensitive.
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Leptospirosis is a zoonotic disease of worldwide
distribution caused by pathogenic spirochetes of the
genus Leptospira (Faine et al. 1999, Levett 2001). The
disease is one of the major causes of morbidity and
mortality worldwide (WHO 1999). Brazil has about
3,000 confirmed cases of leptospirosis annually (MS
2007). The clinical presentations are diverse, ranging
from undifferentiated fever to fulminant disease. An-
icteric leptospirosis is the most common, occurring
in 80% of cases (Faucher et al. 2004). Meningitis can
occur (Sperber & Schleupner 1989, Gollop et al. 1990,
Torre et al. 1994, Romero et al. 1998, Silva et al. 2002,
Karande et al. 2005, de Souza et al. 2006, Merwick
et al. 2008) and this form of leptospiral infection can
be confused with other aseptic meningitis (Nelsen et
al. 1993, de Almeida et al. 2007). The neurological
leptospirosis forms are usually neglected. Although
the majority of the cases of meningitis caused by
Leptospira spp are benign (Beeson & Hankey 1950,
Bigham 1953), this form of leptospirosis can be fatal
(Kitaoka et al. 1976).

Meningeal involvement in leptospirosis is biphasic.
In the early phase, which lasts approximately seven
days, leptospires can be cultured from the cerebrospinal
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fluid (CSF). In later phase, diagnosis can be made with
immunological tests (Feigin & Anderson 1975). Dif-
ferentiating between leptospiral meningitis and other
forms of aseptic meningitis is a challenge in endemic
regions such as Brazil. Rapid detection is important for
the recommendation of an appropriate treatment; how-
ever, the diagnosis of leptospiral meningitis is often
difficult. An initial presumptive diagnosis is normally
made on the basis of the clinical presentation and CSF
biochemistry. The diagnosis of leptospirosis is con-
firmed by blood or CSF culture and/or the presence of
antibodies in the CSF or in serum samples. The cul-
ture requires 13 weeks to provide a result, limiting its
value in aiding diagnosis and immediate decisions on
treatment (Levett 2001). The conventional method for
detecting specific anti-leptospiral antibodies in CSF
or in serum samples is the microscopic agglutination
test (MAT). However, agglutinating antibodies are not
detected in the early phase of the disease and the test
is not efficient for patient management (Mathew et al.
2006). Thus, the information needed for specific anti-
microbial therapy is unavailable for the first few days
of the disease. The polymerase chain reaction (PCR) is
becoming a common diagnostic tool for the early and
accurate diagnosis of bacterial meningitis (Ni et al.
1992, du Plessis et al. 1998, Romero et al. 1998, Back-
man et al. 1999, Lorino et al. 1999, Margall Coscojuela
et al. 2002, Saravolatz et al. 2003, Avery et al. 2005,
Zambrano et al. 2006). The objective of our work was
to determine if Leptospira spp was the etiologic agent
of aseptic meningitis using different diagnostic tech-
niques, including PCR.
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PATIENTS, MATERIALS AND METHODS

Patients - Between March 1999-April 2003, CSF
samples were obtained from hospitals in Sdo Paulo (SP),
Brazil, from 39 hospitalized patients who presented
meningeal abnormalities in differential diagnosis, pre-
dominance of lymphocytes and negative results in tra-
ditional microbiologic tests. The differential diagnosis
included bacterial and viral meningoencephalitis, sepsis,
malaria and cerebrovascular disease. CSF was collected
by lumbar puncture during the acute phase of the disease
and transferred to a new and sterile tube as soon as the
patients were suspected of having meningitis. The study
was done in a prospective manner, although there was
no active systematic surveillance for leptospirosis men-
ingitis in the hospitals. CSF samples were processed for
leptospiral culture, MAT and PCR. Upon arrival at the
laboratory, 200-400 pL of each CSF sample was sterilely
removed and stored at -20°C until further processing with
DNA extraction and PCR. The remaining CSF was used
for standard routine analysis, i.e., leptospiral culture and
detection of antibodies by MAT. Attempts were made to
obtain patients’ serum samples from the acute and con-
valescent phases. This study was approved by the Ethical
Committees of the Brazilian Ministry of Health and the
Adolfo Lutz Institute.

DNA extraction and PCR - For DNA extraction, 100 uL
of the CSF was centrifuged at 13,000 g for 15 min and
washed twice with 100 uL of Milli-Q water. After cen-
trifugation, the supernatant was discarded and the pellet
was resuspended in 20 pL of Milli-Q water. Samples were
boiled for 10 min, cooled to room temperature and then
centrifuged for 1 min at 12,000 g. Ten microliters were
used as the template in each PCR reaction. The extrac-
tion included water controls to rule out any contamina-
tion. PCR was performed using primers corresponding
to nucleotides 38-57 and 348-368 in the primary structure
of the Leptospira interrogans rrs (16S) (A, 5-GGCG-
GCGCGTCTTTAAACATG-3’; B, 5-TTCCCCCCATT-
GAGCAAGATT-3"). The PCR assay was performed ac-
cording to Mérien et al. (1992) with 35 cycles. Each run of
the assay included a positive control, which consisted of
Milli-Q water spiked with 10-fold serial dilutions of lep-
tospires and a negative control consisting of Milli-Q water.
All PCR assays were performed in three separate rooms
and barrier tips were used to prevent carry over amplicon
contamination. Samples were tested in duplicate. The am-
plification product was analyzed by 1.5% agarose gel elec-
trophoresis stained with ethidium bromide. The sensitivity
of the reaction was determined from 1 ng-10 fg. The lower
limit of detection of Leptospira DNA in the assay was 1 pg
by agarose gel electrophoresis. Agarose gel electrophoresis
of the PCR products revealed the presence of a product of
the predicted size for samples containing 10' leptospires.
The specificity of this PCR method has been previously
described (Mérien et al. 1992, Romero et al. 1998).

MAT - The test was used as a reference method (Faine
et al. 1999) with the following serovars of Leptospira spp
as antigens: Australis, Autumnalis, Bataviae, Butembo,
Canicola, Castellonis, Copenhageni, Cynopteri, Djasi-
man, Grippotyphosa, Hebdomadis, Icterohaemorrhagi-

ae, Javanica, Panama, Pomona, Pyrogenes, Shermani,
Tarassovi and Wolffi. These serovars represent the most
prevalent serogroups in SP (Sakata et al. 1992, Romero
et al. 2003, 2009, Romero & Yasuda 2006). Serovar An-
damana was also used since it was isolated from CSF in
Brazil (Corréa et al. 1971). The following criteria were
used to interpret the MAT results and define a confirmed
case of leptospirosis: (i) the presence of antibodies against
leptospires in CSF, (ii) a four-fold increase in titer of two
serum samples collected between acute and convalescent
phases and (iii) a minimum titer of 1:800 in a single se-
rum sample. A probable case was defined as a patient with
a single serum sample with a minimum titer of 1:200 or
with two or more samples with a less than four-fold in-
crease in titer. The predominant leptospiral serogroup was
considered to be the one that gave the highest titer with
50% of free leptospires. MAT results were considered in-
conclusive when the same highest titer was obtained for
two or more serogroups. A negative case of leptospirosis
was defined as having negative MAT results in CSF and
serum samples.

Culture - A volume of 0.5 mL of each CSF sample
was inoculated into Ellinghausen McCullough Johnson
Harris base medium supplemented with Bacto Leptospi-
ra Enrichment (Difco Laboratories, BD, NJ) and 0.1%
agarose, incubated at 30°C for 16 weeks and examined
weekly by dark field microscopy for the presence of lep-
tospires (Faine et al. 1999, Levett 2001).

RESULTS

Thirty-nine patients with aseptic meningitis were ex-
amined. Figure shows the number of positive results for
all tests according to the number of days after illness on-
set. PCR was capable of identifying leptospirosis from the
3rd-26th day after illness onset. The Table summarizes
the results of the PCR and MAT assays, the age and sex
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Distribution of polymerase chain reaction (PCR) and microscopic ag-
glutination test (MAT) results for cerebrospinal fluid from 39 patients
with meningeal abnormalities by the number of days after illness onset.
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TABLE
Results of serology by microscopic agglutination test (MAT) and cerebrospinal fluid (CSF) evaluation
by MAT and polymerase chain reaction (PCR) from patients with meningeal abnormalities
Interpretation Serology by MAT® CSF
of cases

Patient Age Sex  based on MAT Ist sample 2nd sample MAT® PCR

1 12 M Negative Negative“ - Negative Positive
2 54 F Negative Negative“ - Negative Positive
3 Unknown F Negative No serum samples - Negative Negative
4 Unknown M Confirmed Icterohaemorrhagiae Icterohaemorrhagiae Icterohaemorrhagiae  Positive
5 21 M Negative Negative Negative Negative Negative
6 40 F Confirmed Icterohaemorrhagiae Icterohaemorrhagiae Castellonis Positive
7 12 F Negative No serum samples - Negative Negative
8 Unknown F Negative No serum samples - Negative Positive
9 32 F Confirmed Icterohaemorrhagiae“ - Inconclusive Positive
10 12 M Confirmed Icterohaemorrhagiae Icterohaemorrhagiae Negative Positive
11 10 M Confirmed Inconclusive Icterohaemorrhagiae Negative Positive
12 15 M Confirmed Inconclusive Icterohaemorrhagiae Icterohaemorrhagiac Negative
13 33 M Confirmed Negative Negative Canicola Negative
14 43 M Negative No serum samples - Negative Negative
15 30 M Negative Negative“ - Negative Negative
16 Unknown M Negative No serum samples - Negative Negative
17 24 M Confirmed Negative Pyrogenes Negative Positive
18 Unknown M Confirmed No serum samples - Inconclusive Positive
19 20 M Negative Negative Negative Negative Negative
20 49 M Negative Negative“ - Negative Negative
21 28 M Probable Bataviae Bataviae Negative Positive
22 Unknown M Negative Negative“ - Negative Positive
23 Unknown M Negative No serum samples - Negative Negative
24 32 M Negative Negative“ - Negative Positive
25 49 M Confirmed No serum samples - Icterohaemorrhagiae  Positive
26 50 M Negative Negative Negative Negative Negative
27 3 M Negative Negative Negative Negative Negative
28 8 M Confirmed Icterohaemorrhagiae Icterohaemorrhagiae Icterohaemorrhagiae Positive
29 Unknown M Confirmed No serum samples - Inconclusive Positive
30 17 M Negative Negative“ - Negative Positive
31 33 F Negative No serum samples - Negative Negative
32 14 M Confirmed Negative Icterohaemorrhagiae Negative Positive
33 34 M Confirmed Icterohaemorrhagiae® - Inconclusive Positive
34 52 F Confirmed Negative Icterohaemorrhagiae Icterohaemorrhagiae  Positive
35 39 M Confirmed Negative Autumnalis Negative Positive
36 10 M Negative Negative“ - Negative Negative
37 14 M Confirmed Icterohaemorrhagiae Icterohaemorrhagiae Inconclusive Positive
38 47 M Confirmed Icterohaemorrhagiae Icterohaemorrhagiae Icterohaemorrhagiae Positive
39 19 M Negative Negative“ - Negative Negative

a: only one serum sample; b: presumptive serovar; M: male; F: female.
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of the patients and the case interpretations. By PCR, the
etiology was defined in 23 of the 39 (58.97%) patients
with aseptic meningitis. Anti-leptospiral antibodies were
detected in 13 (33.33%) CSF samples. Twelve CSF sam-
ples were positive by PCR and negative by MAT. Two
CSF samples were positive by MAT assay and negative
by PCR assay. The positive and negative agreement be-
tween both tests was 11 and 14, respectively. CSF samples
from six negative cases were positive by PCR. Eight cases
showed positive results by PCR, MAT and by serology.
Based on serology, 12 patients (30.7%) were considered
to be confirmed cases of leptospirosis and one patient was
considered as probable case. No serum samples were ob-
tained from 10 patients and 11 patients had single serum
samples. The sensitivity of the PCR assay, based on MAT-
confirmed diagnoses of leptospirosis, was 89.5% (Sackett
et al. 1991). All leptospiral cultures were negative. The
majority of patients with aseptic meningitis were in the
age group of 3-19 years (30.77%). No information about
age was available for eight patients. Thirty-one (79.49%)
patients were males.

DISCUSSION

Leptospirosis is an important health problem in many
countries, including Brazil. The prognosis of leptospiral
meningitis is unknown. Studies report mortality rates of
26% (Mathew et al. 2006). The rapid detection of sus-
pected meningitis is critical for determining an appropri-
ate treatment, but confirming the diagnosis of leptospiral
meningitis is often difficult, particularly in developing
countries, where there are numerous causes of meningi-
tis (Schlech 1992, Mourvillier & Wolff 2006, Arnoni et
al. 2007, Lammie et al. 2009, Khatami & Pollard 2010,
Kim 2010, Lin & Safdieh 2010, Mari et al. 2010). An ini-
tial presumptive diagnosis is normally made on the basis
of clinical observations and then culture of leptospires
and MAT are used to confirm the diagnosis (Faine et al.
1999). Unfortunately, culture techniques that permit the
isolation of Leptospira spp require up to 13 weeks of in-
cubation (Levett 2001). The presence of non-viable lep-
tospires in the CSF or the slow growth of leptospires may
explain the negative culture results in this study. Thus,
rapid bacteriological diagnosis of leptospiral meningitis
with these conventional techniques is nearly impossible.
In addition, few lumbar punctures are performed when the
patient presents at the hospital and prompt antibiotic treat-
ment could account negative culture results, as leptospires
may no longer be available after antibiotic therapy (Faine
et al. 1999). Nevertheless, confirmation of the diagnosis
remains essential for appropriate treatment of the patient.
We used PCR to detect leptospires in patients with aseptic
meningitis as part of their differential diagnosis. PCR is
a particularly powerful technique because it does not de-
pend on the presence of viable organisms and can be used
routinely in cases of meningeal abnormalities. Our results
suggest that PCR can be useful for diagnosing leptospiral
meningitis. From 39 patients studied, the test identified
the etiology in 23 CSF samples. Simplified extraction
procedures were used to reduce the time for extraction
to less than 2 h. The implementation of PCR assays for
diagnostic purposes is essential due to a change in clini-

cal management. In the present study, PCR was demon-
strated to be more sensitive than MAT for diagnosis since
it detected six additional cases and allowed the diagnosis
of leptospirosis from the 3rd-26th day after illness onset.
MAT was only capable of diagnosing leptospirosis after
12 days. Twelve CSF samples were positive by PCR and
negative by MAT and two CSF samples were positive by
MAT and negative by PCR. The phase of the illness is
critical to the accuracy of these techniques.

The detection of leptospire DNA by PCR in the CSF
of patients with meningitis of unknown etiology has been
previously demonstrated (Romero et al. 1998). This study
is novel in that we attempted to isolate leptospires and an-
alyzed serum samples by MAT with a new set of patients.
Our results are in agreement with other studies showing
that patients with aseptic meningitis tend to be younger
than those with icteric leptospirosis (Beeson & Hankey
1952, King & Urquhart 1975). In Brazil, there is little avail-
able data on the meningitis caused by leptospires (Amato
Neto et al. 1982, Romero et al. 1998, Silva et al. 2002,
de Souza et al. 2006), demonstrating the importance of
the study. We demonstrated that PCR has great diagnostic
potential, is superior to MAT, and should be applicable to
the diagnosis of acute leptospiral meningitis. The imple-
mentation of PCR for diagnostic purposes is of paramount
importance for patients with leptospiral meningitis, which
can go undiagnosed by conventional methods. When all
diagnostic tests are combined, the number of confirmed
cases should increase. Our results show that clinicians
should consider leptospirosis as a possible cause of aseptic
meningitis and that molecular tools have the potential to
aid in early detection and treatment.
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