Invest Clin 48(3): 295 - 304, 2007

Development of a Lepto-IgM EIACR test to
diagnose leptospirosis disease in Costa Rican
patient samples.
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Abstract. Leptospirosis is an endemic disease throughout Costa Rica,
which could be misdiagnosed because manifestations of this febrile disease
may vary from mild flu-like symptoms to severe illness involving vital organs
such as liver and lungs. Therefore an early specific diagnosis is important to
ensure a favorable clinical outcome. The purpose of this study was to develop
a Leptospira sp. anti-IgM EIA (Lepto-IgM EIACR) test and to compare it using
Lepto-Dipstick IgM (Lepto-DS IgM) and PanBio-EIA IgM with the Microscopy
Agglutination test (MAT) as a reference assay. Sera from 736 healthy blood
donors were used as negative controls to calculate specificity (97.1%), Contfi-
dence Interval 95 (CI (96-98). Cross reactivity was evaluated in 268 patient
samples with 6 different diseases. Dengue and measles had the highest cross
reactivity (16%) while rubella showed the lowest (3%). To determine the sensi-
tivity of the Lepto- IgM EIACR, 33 samples positive by MAT of 96 paired sam-
ples from patients with symptoms related to leptospirosis infection were
tested. Lepto-IgM EIACR reached a sensitivity of 90.9% (CI 81-100), while
Lepto-DS IgM was 48.5% (CI (31-66). The most frequent serovars detected by
MAT in these paired samples were Hebdomadis 14.7%, Hardjo 11.8%, Pomona
8.8% and Icterohaemorrhagiac 5.9%. Furthermore 59 febrile patient samples
were tested initially with PanBio-EIA IgM, 21 samples (35%) were positive.
When these samples were re-tested by Lepto-IsM EIACR and Lepto-DS 1gM,
80.9% and 33% were positive, respectively. The results of the evaluation indi-
cate that Lepto-IgM EIACR test could be a good alternative to detect acute
leptospirosis in Costa Rica.
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Desarrollo de una prueba Lepto-IgM EIACR para diagnosticar
la enfermedad de leptospirosis en muestras de pacientes de
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Resumen. Leptospirosis es una enfermedad febril endémica en Costa
Rica que puede ser mal diagnosticada, ya que sus manifestaciones varian des-
de sintomas similares a gripe, hasta enfermedades severas que afectan Orga-
nos vitales como el rindn, higado o pulmon. Por ello es importante un diag-
nostico especifico y temprano. El propdsito de este estudio fue desarrollar un
ELISA anti-IgM (Lepto-IgM EIACR) y compararlo con Lepto-Dipstick IgM
(Lepto-DS IgM) y PanBio-EIA IgM utilizando como prueba de referencia la Mi-
croaglutinacion MAT. Se usé el suero de 736 donadores de sangre como con-
trol negativo para determinar la especificidad del ensayo (97,1%, CI (96-98).
Pruebas de reaccion cruzada fueron analizadas en 268 muestras de pacientes
distribuidos en 6 enfermedades. Dengue y Sarampién mostraron los valores
mas altos de reactividad (16%) y Rubeola el mas bajo (3%). La sensibilidad de
Lepto- I[gM EIACR fue 90,9% (CI (81-100), mientras que Lepto-DS IgM alcan-
z6 un 48,5% (CI (31-66), la cual se calcul6 a partir de 33 sueros pareados de
96, que fueron enviados para el diagnéstico de Leptospira sp. Las serovarieda-
des mas prevalentes detectadas por MAT en estas muestras fueron: Hebdoma-
dis 14,7%, Hardjo 11,8%, Pomona 8,8% ¢ Icterohaemorrhagiac 5,9%. Adicio-
nalmente, de 59 muestras agudas de pacientes febriles que fueron inicialmen-
te analizadas por PanBio-EIA IgM, 21 resultaron positivas, de éstas, Lepto-IgM
EIACR y Lepto-DS IgM, detectaron el 80,9% y 33,3% respectivamente. Los re-
sultados de la evaluacion indican que Lepto-IgM EIACR podria ser una buena
alternativa para detectar leptospirosis aguda en Costa Rica.

Received: 08-03-2006. Accepted: 24-01-2007.

INTRODUCTION

Leptospires are members of the
Spirochaetales order, according to Dario
(1) and Lucchesi et al. (2), there are 17
genomospecies, 21 serogroups and more
than 300 serovars; additionally to non-
pathogenic strains (3-5).

Leptospirosis is a zoonosis with world-
wide distribution affecting mainly rural and
urban populations in tropical areas, al-
though many cases, both in humans and an-

imals are reported in Europe every year
(4-7). According to reports from the Minis-
try of Health, leptospirosis is endemic
throughout Costa Rica.

Clinical manifestations of this acute
febrile disease may vary from mild flu-like
symptoms to severe illness with renal fail-
ure and hemorrhagic forms involving vital
organs such as kidneys, liver and lungs.
Weil “s disease, can occur in some patients
and could have a fatal outcome (4, 8). How-
ever, leptospirosis is often misdiagnosed as
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dengue, malaria, meningitis, viral hepatitis,
encephalitis or influenza (9) and therefore
an early specific diagnosis of leptospirosis is
important to ensure a favorable clinical out-
come. At the present time the definitive di-
agnostic test is the recovery of leptospires
from clinical specimens by culture. How-
ever, this procedure is very complex and re-
quires several weeks of culture with low
sensitivity (10). The laboratory diagnosis
most commonly used is the increase in sera
antibodies titers in paired samples against
leptospira to determine seroconversion.
The microscopy agglutination test (MAT) is
commonly used for this purpose as a refer-
ence method (11). However, MAT is an in-
adequate assay for rapid diagnosis since it
requires the testing of paired sera and the
sensitivity has to be determined by cell cul-
ture and the specificity is related to the
serovars included in the panel. Further-
more, MAT is a laborious technique and
therefore only done in few reference labora-
tories (12). The enzyme- linked immuno-
absorbent assays (ELISA) is a useful alter-
native with a high sensitivity to detect spe-
cific IgM antibodies as a sign of current or
recent leptospirosis which also gives a more
objective interpretation of results than
other methods (13).

Other commercially available antibody
tests to detect specific I$M anti-Leptospira
arec also commonly used, Lepto-DS IgM
(86.8% sensibility and 92.7% specificity in
collected serum between 10 and 30 days of
onset) (3) and PanBio-EIA IgM (100% sensi-
bility and 94% specificity according to the
commercial specification sheet).

The purpose of this study was to de-
velop an EIA test to detect IgM antibodies
against Leptospira sp. in human serum
samples from Costa Rica to diagnose cur-
rent or recent leptospirosis (Lepto-IgM
EIACR) and compare it with other available
reagent kits, MAT, PanBio EIA IgM and
Lepto-DS IgM.

MATERIALS AND METHODS

Study population

A total of 736 sera from healthy blood
donors from the National Blood Bank in
Costa Rica, screened negative by the
Lepto-DS IgM (3) and MAT tests (14), were
used as negative controls to establish the
specificity of the assay under development,
Lepto-IsM EIACR. A group of 268 samples
were used to determine cross reactivity
from patients with other diagnostic disease
markers, as follows: I[gM anti-HAV (n = 50),
cytomegalovirus antibodies 1gG with titers
= 1:12800 (n = 40), dengue antibodies [gM
(n = 57), measles antibodies IgM (n = 32),
rubella antibodies IgM (n = 36) and syphi-
lis antibodies (n = 53).

Two groups of samples were used to
evaluate sensitivity for Lepto-IgM EIACR.
The first group of 96 paired sera with an in-
clusion criteria with less than 30 days after
onset of symptoms in the first samples and
more than 15 days of interval between the
samples. These patients with symptoms of
leptospirosis, referred for diagnostic pur-
poses to the Costa Rican Institute for Re-
search and Training in Health and Nutrition
(INCIENSA), from different regions of the
country (years 1999 to 2001), were ana-
lyzed by Lepto-IgM EIACR and Lepto-DS
IgM in parallel using MAT test as the refer-
ence assay. The second group, 59 samples
collected with less than 30 days after onset
of illness and prescreened by PanBio-EIA
IsM (11) were re-tested using Lepto-IgM
EIACR and Lepto-DS IgM.

MAT was performed using the follow-
ing antigens: serogroup/serovar (strain in
parenthesis) Australis/Australis (Ballico),
Autumnalis/Autumnalis (Akiyami A), Ballum/
Castellonis (Castellon 3), Bataviae/Bataviae
(Swart), Canicola/Canicola (Hond Utrecht IV),
Grippotyphosa/Grippotyphosa (Moskva V),
Hebdomadis/Hebdomadis (Hebdomadis), Ict-
erohaemorrhagiae/Icterohaemorrhagiac  (RGA,
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KA), Icterohaemorrhagiac/Copenhageni (M20),

Pomona/Pomona (Pomona), Pyrogenes/
Pyrogenes (Salinem), Sejroe/Hardjo
(Hardjoprajitno), Sejroe/Sejroe  (M84),

Tarassovi/Tarassovi (Perepelitsin). Descrip-
tion of the method in brief: all wells of a
microtiter plate were filled with 50 ul. PBS
pH 7.2. Then, another 40 uL PBS and 10 uL
of serum were added to the wells of column
2 (dilution was now 1:10). Dilution was
done by pipetting 50 uL. from these wells to
the wells of the next column. The final
50 uL were discarded. This was followed by the
addition of 50 uL of leptospira culture to all
wells. The dilution in column 2 was 1:20,
until 1:20480 in column 12. The plates
were mixed thoroughly in a microshaker
and incubated 2 hours at 30°C. As an alter-
native, incubation overnight at room tem-
perature was considered (14). The cut-off
value was agglutination in a 1:100 dilution
and paired samples with a two-fold rise of
agglutination was considered as a positive
result for Leptospira sp. infection.

Leptospira IgM ELISA PanBio test
(PanBio-EIA IgM) (Brisbane, Australia) was
performed according to the manufacturer’s
instructions.

Lepto-Dipstick IgM (Lepto-DS IgM) test
was obtained from Organon Teknika Ltd.
(Boxtel, The Netherlands) and processed fol-
lowing the manufacturer’s protocols.

Lepto-IgM EIACR, Immulon 2 micro-
titer plates  (Dynatech  Laboratories,
Chantilly, USA), were coated with 100 uL of
L. interrogans serovar Copenhageni anti-
gen, strain Wijnberg (absorbance = 0.456)
obtained from Royal Tropical Institute (Am-
sterdam, The Netherlands), diluted 1:4 in
0.1 M carbonate buffer, pH 9.6 (Sigma, St.
Louis, USA). The plates were incubated at
4°C for 24 h in a humid chamber, washed,
post-coated with 5% sucrose for 24 h, washed
and dried to be stored at 4°C until use.

Negative and positive control samples,
were diluted 1:400 in a sample diluent con-

taining 0.15M PBS (pH 7.3), 0.5% Tween 20
(Fisher, N. Jersey, USA), 5% bovine albumin
fraction V (Sigma, St. Louis, USA) and 0.1
M EDTA (Fisher, N. Jersey, USA ). One hun-
dred microliters of each pre-diluted sample
were added to the pre-coated microplate
wells and incubated at 37°C for 1 hr. The
plate was washed three times with PBS-0.5%
Tween 20; the same washing step was re-
peated after each incubation period. Next
100 L of anti-human IgM biotin labeled (u
chain specific-biotin antibody produced in
goat, Sigma, St. Louis, USA) in a dilution of
1:10000 were added to each well and incu-
bated at 37°C for 1 h. After the washing
step, 100 wL of extrAvidin-alkaline phos-
phatase diluted 1: 50000 (Sigma, St. Louis,
USA) were added followed by incubation at
37°C for 30 min and washed. The color re-
action was developed using 100 wL of
p-nytrophenyl  phosphate-diethanolamine
(DEA) solution (Sigma St. Louis, USA), pH
9.6. After one-hour incubation in the dark
at room temperature, the Optical Density
(OD) was measured in an EIA Multi-Well
Reader II (Sigma, St. Louis, USA) at 405
nm, using 630 nm as reference.

Cut off was defined as the mean value
plus three Standard Deviation (SD) of nega-
tive control samples. The cut off value was
established using a procedure in two-steps.
After the first calculation of the 3 SD the
values outside the area of 3 SD was ex-
cluded and the cut off value re-calculated.
The test was considered valid when the pos-
itive/negative ratio was < 5-fold.

To evaluate the repeatability value of
the Lepto-IgM EIACR, Coefficient Variation
(CV) was calculated from three samples: 1
negative, 1 borderline and 1 positive with
23 repetitions of each.

Data analysis

Unequal variances were established ac-
cording to the Levene test, F 706.9, p =
0.0000. Therefore, the two-sample t Test
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for independent samples with unequal vari-
ances (Satterthwaite ‘s method) was used
to compare the OD mean values between
the Leptospira sp. negative and positive
controls, a = 0.01.

The sensitivity, specificity, predictive
positive (PPV) and negative (PNV) values
were calculated. The 95 confidence inter-
vals (CI 95) were estimated using binomial
proportion for each one (15). The Kappa
statistic was used to determinate the con-
cordance between two tests in which k >
0.75 denotes excellent concordance, 0.4 <
K < 0.75 show a good concordance and 0 <
k < 0.4 indicates a poor concordance. The
McNemar statistic was also used to measure
the discordance between MAT assay and
Lepto-IgM EIACR test, p < 0.05.

In addition, chi square statistic (a0 =
0.05), was used to evaluate the relationship
between cross-reactivity by Lepto-IgM
EIACR in other discases different from
leptospirosis. These analyses were done us-
ing the software JMP, a business unit of
SAS Copyright® 1989-2001 SAS Institute
Inc and STATISTICA for Windows software
(16).

RESULTS

Of the 736 selected negative samples,
21 samples (2.9%) were positive with the
lepto-IgM EIACR test, using the defined cut
off criterion with a specificity of 97.1% (CI
96-98). The cut off value was 0.266 OD and
the range for the positive samples were
0.270 to 0.512 with a OD mean value of
0.372. There was a significant statistical
difference between the OD mean value of
the positive group and the OD mean of the
negative group, T test 10.43, 39.11 free-
dom degree (fd) p = 0.000. The spread of
negative and positive control samples is
shown in Fig. 1.

The results of the repeatability evalua-
tion had a CV for the negative, borderline
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Fig. 1. Distribution of negative and positive
samples used to calculate the specifi-
city, sensitivity and the cut off of the
Lepto-IgM EIACR. The OD mean value
of the 736 negative blood donors was
0.086, CI (0.081-0.090) 0.060 Standard
Deviation (std. Dev), 0.0022 Standard
Error (Std. Err). The minimum and ma-
ximum value was 0.003 and 0.331 res-
pectively (after recalculation of the cut
off). The 33 positive control samples
had a mean of 0.756, CI (0.607-0.905)
0.42 SD, 0.0731 Std.Err. The minimum
OD value was 0.155 and the maximum
OD value was 1.543. The sensitivity of
the Lepto-IgM EIACR was 91 (CI
81-100).

and positive samples of 0.13 (0.098/0.074),
0.069 (0.059/0.85) and 0.066 (0.089/
1.361), respectively.

Table I, illustrates the cross reactivity
of Lepto-IgM EIACR with different diagnos-
tic markers from other febrile diseases with
Dengue and Measles showing the highest
reactivity (15.8%, 15.6%, respectively) and
Rubella the lowest (2.7%). No statistical dif-
ference between disease and cross reaction
was established; likelihood ratio 5.34 fd,
p = 0.37.

The results of 96 paired samples ana-
lyzed by MAT, Lepto-DS IgM and Lepto-IsM
EIACR, are shown in Table II. The highest
rate of positivity was found using the assay
under development, Lepto-IgM EIACR 41
samples (42.7%) followed by MAT with 33
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TABLE I
SAMPLE REACTIVITY BY LEPTO-IgM EIACR TEST AND DIAGNOSTIC MARKERS
OF OTHER DISEASES

Diagnostic Marker

Lepto-IgM EIACR Reactivity

Total No (%)
Anti-Dengue IgM 57 9 (15.8)
Anti-Syphilis 53 6 (11.3)
Anti-HAV IgM 50 5 (10)
Anti-HCMV = 1:12.800 40 4 (10)
Anti-Rubella IgM 36 1 2.7
Anti-Measles [gM 32 5 (15.6)
Total 268 30 (11.2)

TABLE II
DISTRIBUTION OF 96 PAIRED SAMPLES FROM PATIENTS WITH SYMPTOMS RELATED
TO LEPTOSPIROSIS USING THREE DIAGNOSTIC METHODS

Category MAT Lepto-DS IgM  Lepto-IsM EIACR

Positive by one assay 2 0 5
Pos. by MAT and Lepto-DS IgM 1 1

Pos. by MAT and Lepto-IsMEIACR 15 - 15
Pos. by Lepto-DS IgM and Lepto-IgM EIACR 6 6
Pos. by all assays 15 15 15
Total Positives 33 22 41
Negative by any assay 11 22 3
Neg. by all assays 52 52 52
Total negatives 63* 74 55

*Seven samples had a decrease in titer between the first and the second sample, when compared to the results of
Lepto-DS IgM and Lepto- IgM EIACR 1 was positive by both and 2 additional only by Lepto- [¢M EIACR.

samples (34.3%) and Lepto-DS IgM 22 sam-
ples (22.9%). The PNV and PPV calculated
in this population appeares in Table III, the
Kappa value was 69.4 and the McNemar test
was not significant = 0.05.

The most commonly serovars detected
in this group were Hebdomadis 14.7%, Hardjo
11.8%, Pomona 8.8% and Ictero-
haemorrhagiae 5.9%.

The results of 59 samples from febrile
patients using PanBio IgM, Lepto-IgM

EIACR and Lepto DS IgM had the following
positive rates of 21 samples (35.6%), 26
samples (44.1%) and 9 sera (15.3%), re-
spectively. Fig. 2, illustrates the distribu-
tion of positive and negative samples
screened by PanBio IgM retested by
Lepto-IsM EIACR and Lepto-DS IgM. The
positive samples correlated better between
PanBio IgM and Lepto-IgM EIACR with 4
discordant samples, where as for the nega-
tive group a higher correlation was estab-
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TABLE III
RESULTS OF SENSITIVITY, SPECIFICITY, PREDICTIVE NEGATIVE VALUE AND PREDICTIVE
POSITIVE VALUE FOR LEPTO-IGM EIACR AND LEPTO-DS IGM IN 96 PAIRED SAMPLES
BY MAT (REFERENCE METHOD)
MAT Lepto-IsMEIACR*® Lepto-DS IgM**
Category Positive Negative Positive Negative
No. (%) No. (%) No. (%) No. (%)

Positive (total 33) 30 ©1) 3 ) 16 (48) 17 (52)
Negative (total 63) 11 (17.5) 52 (82.5) 6 9.5) 57 (90.5)

*Sensitivity: 91% CI (81-100), specificity: 83% CI (77-92), PNV: 95% CI (89-100), PPV: 73% CI (60-87).
#*Sensitivity: 73% CI (54-91), specificity: 77% CI (67-87), PNV: 90% CI (83-98), PPV: 48% CI (31-66).

Patient Numbers
40
35
30
25/
20
15+
107199
2 7

B disagreement

O agreement

Lepto-IgM Lepto-DS Lepto-IgM Lepto-DS

EIACR IgM

PanBio-EIA IgM
positive

EIACR IgM

PanBio-EIA IgM
negative

Fig. 2. Results of 59 acute febril patient samples secreened by PanBio-IgM test, compared with Lep-

to-IgM EIACR and Lepto-DS IgM tests.

lished between PanBio-EIA IgM and Lepto-
DS IgM with only 2 discordant samples. The
Kappa values between PanBio-EIA IgM and
Lepto-IgM EIACR, Lepto-DS IgM were 54%
and 32%. The McNemar test significance
were p = 0.26 and p = 0.004, respectively.

DISCUSSION

There is an urgent need to improve di-
agnostic tests to determine the acute state
of leptospirosis to support the selection of
an appropriated treatment of these pa-
tients. A diagnostic assay that requires a
long period of cell culture or paired sam-
ples (MAT), will delay the period for treat-

ment intervention; in spite of this, MAT is
still chosen as reference assay (12, 13, 18,
22). Leptospirosis culture was not done
since at the time of this study in Costa Rica
there were no institutions performing it.
Therefore, a test based on the detection of
specific IgM antibodies would be a better
choice since it only requires one sample
and the IgM antibodies are present at the
time of clinical onset of disease.

In this study some of the paired sera
had more than 14 days after onset of dis-
ease based on the medical clinical criteria
in the first sample. The sensitivity of the
Lepto-IgM EIACR test, in samples with less
than 14 days of onset was 77% and the spec-
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ificity was 89%, compared with 41% and
97% of the Lepto-DS IgM respectively.

The clinical manifestations of lep-
tospirosis are similar to other febrile dis-
eases and therefore the specificity of any di-
agnostic assay is very important. In this
study samples from other febrile diseases
were analyzed and a low cross reactivity was
shown with the assay under development
(Lepto-IgM EIACR, table 1). Similar studies
revealed that PanBio-EIA IgM, reacted with
brucella 21%, CMV 14% (11) while in
Lepto-DS IgM most of the reacting cross
samples were from patient with HIV, Hanta
virus and toxoplasma infection (3). These
different may represent either the popula-
tion immunity status or the antigen circula-
tion degree for each country.

In clinical samples referred for diagnos-
tic purposes and tested by the different as-
says included in this study, the highest rate
of positivity was determined using the
Lepto-IgM EIACR test, established to have an
acceptable level of sensitivity 91% and speci-
ficity 97.1% in the blood donors and 83.0%,
in the paired samples (Table III, Fig. 1).

Variability in screening test sensitivity
has been observed in different studies.
Effler et al, in agreement with our study,
obtained similar low sensitivities (31%) us-
ing Lepto-DS IgM in patients confirmed by
MAT (17). However, other studies showed a
better sensitivity of Lepto-DS IgM with
93.2% detected as positive in the paired
sera, 52.7% in the acute phase samples,
83.6% in the convalescent phase-sera (18),
and 86.8% in patients previously confirmed
to have infection with  pathogenic
leptospire (3).

MAT has been reported as the golden
standard assay by many investigators (13,
19, 20). It is interesting to notice that
there are many different criteria to con-
sider a positive sample by this test and both
single and paired samples have been used
3, 17, 19, 21, 22). However, the use of sin-

gle samples is mostly inappropriate, even if
the samples have high titers, since follow-
ing acute infection the titer may be ex-
tremely high (= 25600;) and it can take
months or even years to fall to low levels
(23). In this study, of 33 positives samples
by MAT, only 3 were not detected by
Lepto-IgM EIACR (Table III), this disagree-
ment could be due to the early antibiotic
treatment which may, suppress the antibody
production (24), though this explanation
could not be confirmed in these particular
samples. In the other hand, of 63 negative
samples by MAT, 11 were positives by
Lepto-IgM EIACR, this discrepancy could be
due to either cross reaction, unknown strain
or local serovars no considered in the panel.

There is little information available re-
garding leptospirosis prevalence or serovars
in Costa Rica. A clinical epidemiological in-
vestigation in humans and reservoirs in
Yucatan, Mexico reported 7% of positive
samples from 206 healthy blood donors by
MAT. In this study two samples of 738
healthy blood donors were excluded, one
was positive by Lepto- DS IgM and other
had high titers by MAT (1:1600 Castellonis,
1:400 Icterohaemorrhagiae), both were
positive by Lepto-IsM EIACR which repre-
sents (0.13%) of reactive samples in this
population. The most reactive serovars in
the Mexico research were Shermani (53%)
followed by Canicola (33%), Pyrogenes
(20%), Pomona (13%) and Ictero-
haemorrhagiae (6%) (25). In the present in-
vestigation Shermani was not within the 14
serovars used. During an outbreak in Nica-
ragua in 1995 serovars that had a high
prevalence and were not included in this
study were: Mankarso (33.3%), Bratislava
(15.2%) and Alexi (12.1%). The animals
evaluated in this outbreak, that had the
highest prevalence were porcine and canine
reacting with; Alexi (12.1%, 1.4%),
Bratislava (8.7%, 12.3%) y Shermani (26.1%,
7.3%), respectively; these serovars were not
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used to analyze the human samples (21). In
El Salvador 17.5% were reactive out of 984
human sera and the main serovars deter-
mined were included in this study, except
Shermani (20). While in the Bolivar State,
Venezuela Icterohaemorrhagiae, Copenhageni
(21.3%), Autummalis and Australis (12.8%)
were the most frequent serovars identified
all included in this study (26).

Considering the prevalence of different
serovars detected by MAT in Central Amer-
ica and Yucatan, Mexico and based on the
fact, that some of these serovars were ex-
cluded from the reference MAT assay used
in this study, it could be speculated that
the “none reactive” samples by MAT, could
be due to the limited diversity of serovars
included. Recently a new serovar of L.
santarosai serogroup Shermani and possi-
ble another new subspecie of L. interrogans
as well as L santarosai serogroup Shermani
were isolated in Costa Rica (27), support-
ing the idea that some of the positive sam-
ples by the Lepto-IgM EIACR could react
with this isolation, unfortunately there were
not enough sera to evaluate these new
isolations, that now are included in the
panel. Another possibility is cross reaction
with Dengue which is spread in the country
and the test showed false positives in sam-
ple of patients with this discase (Table I).

In conclusion, the Lepto-IsM EIACR
test seems to be a good alternative to de-
tect anti [gM antibodies against leptospire,
when compared to Lepto-DS IgM  and
PanBio IgM. More studies are necessary to
clarify the impact of leptospirosis in Costa
Rica; however, the need for more sensitive
and specific diagnostic assays is relevant
and urgent.

ACKNOWLEDGMENTS

The authors want to thank to Mrs. Vir-
ginia Larrad and Mr. Israel Chaverri for their
editorial and technical assistance respec-

tively and all the persons that kindly collab-
orated in the revision of the manuscript.

REFERENCES

1. Dario R. Leptospira Reference Laboratory.
Available  from: URL: http://dfp.univ.
trieste.it/spirolab/ leptostrains.html.

2. Lucchesi PMA, Parma AE, Arroyo GH.
Serovar distribution of a DNA sequence in-
volved in the antigenic relationship be-
tween Leptospira and equine cornea. BMC
Microbiology 2002; 2:1-5.

3.  Gussenhoven GC, Menno AW, Van Der
Hoorn WG, Goris MGA, Terpstra WJ,
Hartskeerl RA, Mol BW, Van Der Ingen
CW, Smits HL. Lepto Dipstick, a Dipstick
assay for Deteccion of Leptospira-Specific
Immunoglobulin M Antibodies in Human
sera. J Clin Microbiol 1997; 35:92-97.

4. Levett PN. Leptospirosis. Clin Microbiol
Rev 2001; 14:296-326.

5. Pereira MM, Matsu MGS, Bauab AR,
Vasconcelos SA, Morales ZM, Baranton
G, Girons IS. A clonal subpopulation of
Leptospira interrogans senso stricto is the
major cause of leptospirosis outbreaks in
Brazil. J Clin Microbiol 2000. 38:450-452.

6. Bhardwaj RM, Abhijit B, Suvarna AJ,
Anju K, Pol SS, Gajanan G, Arjunwadkar
V, Ravindra K. An urban outbreak of
leptospirosis in Mumbai, India. Jpn J In-
fect Dis 2002; 55:1994-1996.

7. Ko Al, Galvao-Reis M, Ribeiro-Dourado
CM, Johnson Jr WD, Riley LW, the Salva-
dor leptospirosis study group. Urban epi-
demic of severe leptospirosis in Brazil.
Lancet 1999; 354:820-825.

8. Dupont H, Dupont-Perdrizet D, Perie JL,
Zehner -Hansen S, Jarrige B, Daijardin J
B. Leptospirosis: prognostic factors associ-
ated with mortality. Clin Infect Dis 1997;
25: 720-724.

9.  Levett PN, Whittington CU. Evaluation of
the indirect hemagglutination assay for di-
agnosis of acute leptospirosis. J Clin
Microbiol 1998; 36:11-14.

10. Bharti, AR, Nally JE, Ricaldi JN, Matthias
MA, Diaz MM, Lovett MA, Levett PN,
Gilman RH, Willig MR, Gotuzzo E, Vinetz
JM, on behalf of Peru-United States

Vol. 48(3): 295 - 504, 2007



304

Valverde y col.

11.

12.

14.

16.

17.

18.

19.

Leptospirosis consortium. Leptospirosis:
a zoonotic disease of global importance.
Lancet Infect Dis 2003; 3:757-771.
Winslow WE, Merry DJ, Pire ML, Devine
PL. Evaluation of a commercial en-
zyme-linked immunosorbent assay for de-
tection of immunoglobulin M antibody in
diagnosis of human leptospiral infection. J
Clin Microbiol 1997; 35:1938-1942.
Cumberland PC, Everard OR, Levett PN.
Assessment of the efficacy of an IgM ELISA
and microscopic agglutination test (MAT)
in the diagnosis of acute leptospirosis. Am
J Trop Med Hyg 1999; 61:731-734.
Brandao AP, Camargo ED, Da Silva ED,
Silva MV, Abrao RV. Macroscopic aggluti-
nation test for rapid diagnosis of Human
Leptospirosis. J Clin Microbiol 1998; 36:
3138-3142.

Hartskeerl RA, Smits HL, Korver H,
Goris GA, Terpstra WJ. International
course on Laboratory Methods for the Di-
agnosis of leptospira 2002, p 41-57.
Rosner B. Fundamentals of biostatistics.
2nd Ed. Boston (Massachusetts): Duxbury
Press; 1986, p 317-318.

StatSoft, Inc. STATISTICA for Windows
[Computer program manual]. Tulsa, OK:
StatSoft, Inc., 2325 East 13th Street,
Tulsa, OK 74104. 1995.

Effer PV, Bogard AK, Domen HY, Katz
AR, Higa HY, Sasaki DM. Evaluation of
eight rapid screening test for acute
leptospirosis in Hawaii. J Clin Microbiol
2002; 40:1464-1469.

Bajani MD, Ashford DA, Bragg SL, Woods
CW, Aye T, Spiegel RA, Plikaytis BD,
Perkins BA, Phelan M, Levett PN, Weyant
RS. Evaluation of four commercially avail-
able rapid serologic tests for diagnosis of
leptospirosis. J Clin Microbiol 2003; 41:
803-809.

Flannery B, Costa D, Carvalho FP,
Guerreiro H, Matsunaga J, Da Silva ED,
Ferreira AG,. Riley LW, Reis MG, Haake
DA, Ko Al. Evaluation of recombinant
leptospira antigen-based enzyme-Linked
immunoabsorbent assays for the sero-
diagnosis of Leptospirosis. J Clin Microbiol
2001; 39:3303-3010.

20.

21.

22.

24.

26.

27.

Sebek Z, Sixl W, Valova M, Linck G, Kock
M, Reinthaler FF, Marth E. Results of
leptospirosis examinations of human sera
from El Salvador. Geogr Med 1989; Suppl.
3:61-72.

Trevejo RT, Rigau-Perez JG, Ashford DA,
McClure EM, Jarquin-Gonzalez C,
Amador JJ, De los Reyes JO, Gonzalez A,
Zaki SR, Shieh WJ, McLean RG, Nasci
RS, Weyant RS, Bolin CA, Bragg SL,
Perkins BA, Spiegel RA. Epidemic
leptospirosis associated with pulmonary
hemorrhage-Nicaragua, 1995. J Infect Dis
1998; 178:1457-63.

Vado-Solis I, Cardenas-Marrufo MF,
Jiménez-Delgadillo B, Alzina-Lépez A, La-
viada-Molina H, Suarez-Solis V, Zavala-
Velazquez JE. Clinical-Epidemiological
study of leptospirosis in humans and reser-
voirs in Yucatdan, México. Rev Inst Med
Trop S Paulo 2002; 44:335-340.

Romero EC, Caly CR, Yasuda PH. The
persistence of leptospiral agglutinins titers
in human sera diagnosed by the micro-
scopic agglutination test. Rev Inst Med
Trop Sao Paulo 1998; 40:183-184.

Everard CO, Cawich F, Gamble PG,
Everard JD. Prevalence of leptospirosis in
Belize. Trans R Soc Trop Med Hyg 1988;
82:495-499.

Gavaldon DG, Cisneros MA, Rojas N,
Moles-Cervantes LP. Significance of human
leptospirosis in  Mexico. Detection of
Leptospira antibodies in a blood donor
population. Gac Med Mex 1995; 131:289-
292.

Cermeno-Vivas JR, Sandoval-De Mora M,
Bognanno JF, Caraballo A. Aspectos epi-
demiolégicos y clinicos de la leptospirosis
en el estado Bolivar, Venezuela, 1999-
2000: Comparacién de LEPTO-Dipstick y
antigeno termorresistente de Leptospira
(TR). Invest Clin 2005; 46:317-328.
Ahmed N, Devi SM, Valverde MA,
Vijayachari P, Machangu RS, Ellis WA,
Hartskeerl RA. Mutlilocus sequence typ-
ing method for identification and
genotypic  classification of pathogenic
Leptspira species. Ann Clin Microbiol
Antimicrob 2006 23; 5:28.

Investigacion Clinica 48(3): 2007



