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Leptospirosis is a worldwide distributed zoonotic disease caused by pathogenic spirochetes of the genus
Leptospira. The basic taxon of Leptospira is the serovar. Currently, nearly 300 serovars have been
identified. Leptospirosis is particularly prevalent in warm and humid tropical regions where conditions
for transmission and survival of pathogenic leptospires in the environment are optimal. Leptospirosis
probably constitutes a-serious veterinary and public health problem in Central America but solid figures

Keywords: are missing. To determine distribution of leptospirosis in Costa Rica and to identify locally circulating
LEP“’SP_“'QS_ pathogenic serovars, we performed a sentinel-based study, isolating and characterizing leptospires from
Leptospirosis patients attending hospitals. Strain MAV] 401 was isolated from a hospitalized patient in the Alajuela
:‘:;::mvar province. The isolate produced agglutination titers notably with reference rabbit antisera against
Public health serovars of serogroup Javanica but appeared serologically unique in the standard Cross Agglutinin

Absorption Test. Therefore, MAV] 401 was considered to represent a new serovar, designated Arenal, of
the serogroup Javanica. Genotypic analysis revealed that strain MAV] 401 belongs to Leptospira santarosai,
a species that almost exclusively occurs in Latin America. This is not a unique finding of an exotic serovar.

TN

Recent isolates from severely ill patients in the same region appeared to be identical to Arenal.

We have identified a novel highly virulent serovar from a patient in Costa Rica that is common in this
area, thus posing a threat for the local public and veterinary health.

© 2008 Elsevier B.V.. All rights reserved.,

1. Introduction

Leptospirosis is a worldwide zoonosis, transmitted to humans
through contaminated water or direct exposure to the urine of
infected animals. Human infection may be acquired through
occupational, recreational, or avocational exposures. Direct con-
tact with infected animals accounts for most infections in farmers,
veterinarians, abattoir workers, meat inspectors, rodent control
workers and other occupations which require contact with
animals. Indirect contact is important for,sewer workers, miners,
soldiers, septic tank cleaners, fish farmers, gamekeepers, canal
workers, rice field workers, taro farmers, banana farmers and sugar
cane cutters (Levett, 2001).

The clinical spectrumn of the disease ranges from mild influenza-
like to severe forms such as the Weil's syndrome, characterized by

* Corresponding author. Tel: +31 20 566 5437; fax: +31 20 697 1841.
E-mail address: r.hartskeerl@kit.nl (RA. Hartskeerl).

1567-1348/$ - see front matter © 2008 Elsevier BV.. All rights reserved.
doi:10.1016/j.meegid 2008.02.008

hepato-renal dysfunctions and a bleeding tendency and Acute
Respiratory Distress Syndrome (ARDS) with mortality rates
exceeding 50% (Levett, 2001; McBride et al., 2005).

Development of a subclinical infection or clinical disease might
depend on both host and causative agent related factors such as
immunological competence, age, physical condition and virulence
and size of the inoculum, respectively. Animals with subclinical
infections as well as those that recover from the clinical disease
become a potential source of infection for other susceptible hosts,
because they continue to excrete leptospires for a prolonged period
of time (Faine, 1982; Faine et al,, 1999).

The causative agents of leptospirosis belong to the genus
Leptospira, which contains both saprophytic and pathogenic
species (Levett, 2001). The isolation and identification of an
infecting Leptospira strain is cumbersome and time consuming.
Isolation is difficult due to the slow growth rate, notably when
combined with a concomitant contamination with faster growing
microorganisms, and stringent and fastidious in vitro culture
requirements of these bacteria (Faine, 1994; Faine et al., 1999). The
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initial identification of a Leptospira is morphological, by dark field
microscopy observation. Definitive identification of the isolates
requires the use of serological and molecular techniques (Dikken
and Kmety, 1978; Brenner et al, 1999; Levett, 2003). In the
conventional classification system, all pathogenic leptospires
belong to the species Leptospira interrogans sensu lato (Dikken
and Kmety, 1978; Faine and Stallman, 1982). Based on serological
criteria, strains of Leptospira are differentiated into serovars, which
represent the basic taxon (ICSB Sub-committee on the taxonomy of
Leptospira, 1987; Kmety and Dikken, 1993). Serovars that are
antigenically related are placed into serogroups. Serogroups do not
have an officdal taxonomic status, but are of clinical and
epidemiological importance (Levett, 2003). The list is updated
periodically and more than 250 pathogenic serovars arranged in 26
serogroups are currently known. The recent genotypical classifica-
tion system is based on DNA homology. In this system, leptospires
are placed into 17 Leptospira species of a pathogenic, saprophytic
and doubtful nature (Yasuda et al.. 1987; Perolat et al., 1998;
Brenner et al.,, 1999; Levett et al., 2006). There is a poor correlation

between the serological and genotypic classification systems ‘

(Brenner et al., 1999; Yasuda et al.,, 1987).

The species Leptospira santarosai contains 61 serovars of
multiple serogroups (Brenner et al.,, 1999). The type strain of L
santarosai, serovar Shermani strain 1342 K was isolated from
a spiny rat (Proechymis semispinousus) in the Panama Canal
Zone (Yasuda et al., 1987). Several additional reports confirmed
that L santarosai is pathogenic for humans and domestic
animals (Brenner et al, 1999; Hsieh and Pan, 2004; Rossetti
et al,, 2005).

In this paper, we describe a new leptospiral serovar belonging
to the species L. santarosai isolated from the blood of a severely ill
leptospirosis patient.

2. Materials and methods
2.1. Case description

A 45-year-old man was hospitalized in Ciudad Quesada San
Carlos Hospital, Costa Rica, with a 3-4 day history of fever,
headache and myalgia. The patient is a biologist employed by a
Costa Rican fish farm. At the day of admission his temperature was
39°. He had tachycardia and his blood pressure was 120/
60 mmHg. Clinical examination showed a conscious man, with
bilateral headache, sore throat, provoked myalgia of the legs,
hepatalgia, hepatomegaly, and conjunctivitis. There were no signs
of rash, meningeal irritation and cervical rigidity. Laboratory tests
revealed increased SGOT:79.8 U/L (normal range (nr) 12.0-46.0),
76.2 U/L (nr 3-50), creatine phosphokinase: 915 U/L (nr 24-195),
direct bilirubin: 0.53 mg/dL (nr 0.0-0.2), total bilirubin: 1.49 mg/
dL (nr 0.0-1.0), associated with hyperglycemia: 143 mg/dL,
alkaline phosphatase: 202 U/L (value is within normal range,
nl), albumin: 3.3 g/dL (nl), and protein levels: 5.92 g/dL (nl), ureic
nitrogen: 8.62mg/dL (nl), creatinine: 1.26 mg/dL (nl). The
leukocyte count was 8, 2 x 103/uL with 80% polymorph nuclear
forms. Thrombocytopenia: 145 x 103/l (last control: 99 x 103/
uL) was also observed. Results of urinalysis were normal. Malaria
blood smears, blood cultures and serology for dengue were
negative. )

The patient received a 7-day treatment with penicillin, 2 million
units 4 times a day, which resulted in a resolution of symptoms.
Oral treatment with penicillin was continued for 6 more days.

Leptospirosis was confirmed by seroconversion in the Micro-
scopic Agglutination Test (MAT) with a titer of 1:100 with serovar
Canicola in the second sample. Also the rapid screening test Lepto
dipstick (Gussenhoven et al., 1997) gave a positive outcome (data
not shown).

2.2. Bacterial culture

Culturing was performed in Ellinghausen and McCullough
modified Johnson and Harris (EMJH) culture medium (DifcoTM).
Aliquots of 0.1 and 0.01 mL of heparin anticoagulanted whole
blood were inoculated into 6 mL EMJH culture medium. Incubation.
was at 30 °C and cultures were inspected by darkfield microscopy
for growth of leptospires at regular intervals. Isolates were
subcultured and maintained in EMJH medium and in Fletcher
medium supplemented with 5 fluoro-uracil (200 pg/mL) as a
selective inhibitor for contaminating microorganisms (Faine and
Stallman, 1982; Faine et al., 1999; Hartskeerl et al., 2006).

2.3. Microscopic agglutination test

The microscopic agglutination test (MAT) was performed as per
standard procedure (Comision Cientifica Permanente sobre
Leptospirosis de la AAVL, 1994) starting with a serum dilution
of 1:20 up to 1:20480. The highest dilution of serum showing 50%
reduction in free-moving leptospires under dark field microscope
was considered the end-titre. Rabbit anti-Leptospira sera were
prepared following the standard procedure (ICSB Sub-committee
on the taxonomy of Leptospira, 1984).

2.4. Serological typing: MAT with group sera and monoclonal
antibodies

Toidentify the isolate up to serogroup level, MAT was performed
following standard procedure using a panel of 38 anti-Leptospira
rabbit antibodies (Dikken and Kmety, 1978; Hartskeerl et al., 2006).
Isolates were further typed at the serovar level by performing MAT
with panels of monoclonal antibodies (mAbs) that characteristically
agglutinate serovars from the serogroups Icterohaemorrhagiae and
Sarmin (F12C3, F20C3, F20C4, F52C1, F52C2, F70C4, F70C7, F70C13,
F70C14, F70C20, F70C24, F70C26, F82C1, F82C2, F82C7, F82C8,
F89C3, and F89C12) as described by Korver et al. (1988) and from
serogroup Javanica (F12C3, F20C3, F20C4, F70C20, F98C4, FI8CS5,
F98C8, F98C12, F98C17, F98C19 and FO8C20) with cross-agglutina-
tions of serovars of the closely related serogroups Sarmin and
Celledoni (Alex et al., 1993).

2.5. Cross Agglutinin Absorption Test

The Cross Agglutinin Absorption Test (CAAT), the standard
assay for serological classification of Leptospira serovars was
carried out by staff of INCIENSA as described elsewhere (Dikken
and Kmety, 1978; Kmety and Dikken, 1993; Hartskeerl] et al., 2006,
ICSB Sub-committee on the taxonomy of Leptospira, 1984). Staff of
the WHO/FAO/OIE Collaborating Centre for Reference and
Research on Leptospirosis of the Royal Tropical Institute, The
Netherlands confirmed the CAAT results.

2.6. Genetic characterization

Strains and isolates were grown at 30 °C in EMJH medium and
harvested by centrifugation during the late logarithmic phase. DNA
was isolated as described by Boom et al. (1990). PCR was
performed on the DNA extracts using the primer set G1/G2 that
specifically amplifies a 285 bp fragment of the secY gene from all
pathogenic species except L kirschneri (Gravekamp et al,, 1993;
Oliviera et al, 2003). PCR conditions and controls were as
previously described (Gravekamp et al., 1993; Bal et al., 1994).
PCR products were analyzed by electrophoresis in 1.5% agarose
gels, stained with ethidium bromide using standard procedures
and subsequently judged by eye under UV illumination.

For sequencing, DNA concentration of PCR products was
adjusted in the range of 10-20 ng per reaction and applied to
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the sequence reaction using the BigDye® Terminator V1.1 Cycle
Sequencing Kit (Applied Biosystems, United Kingdom) and
subsequently analyzed on an ABI PRISM™ 310 Genetic Analyzer
(Applied Biosystems, United Kingdom). DNA sequence clustal
alignments were done using the LaserGene software package
(DNASTAR). Species determination was done on basis of highest
sequence identity of PCR. products from Leptospirareference strains
(Gravekamp et al., 1993: Oliviera et al., 2003 Rossetti et al, 2005;
Priya et al., 2007).

3. Results
3.1. Isolation

The culture with 0.1 mL blood inoculation became positive after
two weeks. The isolate was named strain MAV] 401. Under the
darkfield microscope, strain MAV] 401 showed typical Leptospira
motility and morphology. The strain grew well in EMJH and
Fletcher medium at 30 °C.

3.2. Serological characterization

When testing the strain against a panel of 38 rabbit anti-
Leptospira sera to determine potential serogroups, highest
agglutination titers were found against serogroup Sarmin serovar
Weaveri and serogroup Javanica serovar Poi. Low cross-aggluti-
nating titers were also produced with members of the serogroups
Icterohaemorrhagiae and Celledoni. No agglutinations were found
with reference sera from intermediate and saprophytic reference
strains, suggesting a pathogenic status of the isolate.

Subsequent testing with the panel of mAbs against serovars of
the Icterohaemorrhagiae and Sarmin groups only revealed a titer
1:320 against one of the 18 mAbs in the panel. No match was found
with the agglutination pattern of any of the serovars in these two
serogroups (results not shown). The agglutination pattern
obtained with the mAbs against serovars of the Javanica group
was most similar with that of serovar Javanica, strain Veldrat
Batavia 46 (Table 1). No match was found with serovars of the
closely related serogroup Celledoni and, again, serogroup Sarmin.

Cross-agglutinations and CAAT were performed to confirm the
presumptive results obtained via mAbs typing.

Cross-agglutination experiments were executed between strain

MAV] 401 and antiserum against all serovars from the groups
Javanica, Sarmin and Celledoni and vice versa. No significant cross-
agglutinations (>10% compared to the homologous agglutination)
were observed with sera from the serogroups Celledoni and Sarmin
and vice versa, serum against MAV] 401, virtually excluding that

Table 1
Comparison of agglutination titers of strain MAV] 401 and the reference serovar
Javanica, strain Veldrat Batavia 46 with mAbs against serogroup Javanica

mAb Reciprocal titérs Reciprocal titers

R against strain - against strain
: MAV] 401 » Veldrat Batavia 46

F1203 - o <

F20Q3:: .. (RS ] -

F20C4 ' 320 - : 320

F70C20 - ; -

Fa8C4 - -

F8CS S, - -

F98Cs 5120 5120

F98C12 20480 5120

F98C17 - -

F98C19 ~ 10240 : 10240

Fa8C20 S : <80

(-) No agglutination.
Up to a 4-fold titer difference is acceptable in mAbs typing.

Table 2
Cross-agglutinations and CAAT between MAV] 401 and reference strains

Serum Strain Cross CAAT, residual
agglutination (%)*  titer (%)

Aa3 MAV] 401 50 50

MAV] 401 Aa3 125 100

Sofia 874 MAV] 401 125 50

MAV] 401 Sofia 874 0.2 ND

Cox MAV] 401 6.25 50

MAV] 401 Cox 04 ND
Veldrat Batavia 46  MAV] 401 15 100
MAV] 401 Veldrat Batavia 46 0.2 ND
Sorex Jalni MAV] 401 100 100
MAV] 401 Sorex Jalnd 02 ND

La2 MAV] 401 125 100
MAV] 401 L82 0.8 ND
MMD 3 MAV] 401 50 100
MAV] 401 MMD 3 6.25 ND

RrS MAV] 401 25 50

MAV] 401 RS 625 ND

CZ 390 MAV] 401 25 100
MAV] 401 CZ 390 1.5 ND

* (Heterologous titer: homologous titer) x 100%; >10% is significant.
" (Homologous tter after absorption:  homologous  titer
absorption) x 100%; <10% indicates similarity of the serovars.

before

MAV] 401 belongs to these serogroups. A significant cross-
agglutination titer in both cross-agglutination experiments was
only found against serogroup Javanica serovar Fluminense strain
Aa3. Surpisingly only low cross-agglutination titers were found
against serovar Javanica strain Veldrat Batavia 46.

CAAT was performed in duplicate and independently by two
persons to assure reproducibility. The following reference strains
were included in the test, Javanica group; serovar Fluminense
strain Aa3, serovar Sofia strain Sofia 874, serovar Coxi strain Cox,
serovar Javanica strain Veldrat Batavia 46, serovar Sorexjalna
strain Sorex Jalnd, serovar Zhengkang strain L 82 and serogroup
Sarmin; serovar Machiguenga strain MMD 3, serovar Rio strainRr 5

- and serovar Weaveri strain CZ 390.

According to the definition of the International Committee on
Systematic Bacteriology, Subcommittee on the Taxonomy of
Leptospira (1984, 1987), strain MAV] 401 was not serologically
identical to any of these strains (Table 2) and therefore MAVJ 401
represents a new serovar, designated Arenal. Based on the initial
serological reactions it is proposed that this serovar is placed
within the pathogenic serogroup Javanica.

3.3. Species determination

Consistent with its pathogenic status, DNA from MAV] 401 was
amplified by primer pair G1/G2 (Gravekamp et al, 1993). To
determine the species of MAV] 401, the sequence of its G1/G2
amplicon was compared with 65 other sequences (Oliviera et al.,
2003; Rossetti et al.,, 2005; Priya et al., 2007). The sequence of the
amplicon showed highest percentage identity with a number of
strains from L. santarosai, i.e. 97.1% with serogroup Sejroe; serovar
Caribe strain TRVL 61866 and serovar Gorgas strain 1413 U,
serogroup Mini; serovar Georgia strain LT 117 and Tabagquite strain
TRVL 3214, serogroup Pyrogenes; serovar Princestown strain TRVL
1124989, serogroup Javanica; serovar Vargonis strain 24, serogroup
Sarmin; serovar Weaveri strain CZ 390 and 96.7% identity with
serogroup Pomona, serovar Tropica strain CZ 299.

Percentages sequence identity outside L santarosai ranged from
71.3% (L meyeri, serovar Semaranga strain Veldrat Semarang 173)
to 94.7% (L. weilli serovar Mengrun strain A 102 and L weilii,
serovar Coxi strain Cox). Taking the highest percentage of identity
with eight strains of L santarosai, we believe that MAV} 401
belongs to this spedies.

109
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4. Discussion

We describe the isolation and characterization of a novel
Leptospira serovar isolated from a Costa Rican patient. The patient
was admitted to the hospital with signs and symptoms compatible
with leptospirosis and standard antibiotic treatment with peni-
cillin was effective. Leptospirosis was serologically confirmed. It
likely concerns here an occupational disease as the patient worked
on a fish farm where he obviously acquired the infection via fish
ponds contaminated with urine of carrier animals.

The morphology and motility of the bacterium under darkfield
microscopy is consistent for the genus Leptospira. Serologically, the
isolate showed titers notably against members of the serogroups
Javanica and Sarmin. Cross-agglutination titers were also found in
the serogroups Icterohaemorrhagiae and Celledoni. This likely
represents intra-serogroup cross-agglutinations because ser-
ogroups Javanica and Celledoni on one hand and Javanica, Sarmin
and Icterohaemorrhagiae on the other hand form ‘serogroup
complexes’ comprising antigenic related serovars (Hartskeerl etal.,
2006). Because of this overlapping antigenic relationship between
these groups and the fact that highest agglutinating titers were
produced with serovars of serogroup Javanica we suggest to place
MAV] 401 into this serogroup.

We found contrasting data by mAbs typing and the CAAT. mAbs
typing generated a pattern that was highly similar to that of the
reference serovar Javanica strain Veldrat Batavia 46 of the Javanica
group. However, cross-agglutination and CAAT revealed only little
similarity with this serovar. Moreover, CAAT, which is the standard
method to determine the serovar as basic taxon, revealed that this
isolate is unique. The serovar status is mainly, if not exclusively,
based on the composition and structure of the highly antigenic LPS
(Faine et al, 1999). A likely explanation of the discrepancy in
typing with monoclonal and polyclonal sera is that panels of

" agglutinating mAbs are directed to a limited number of epitopes
while polyclonal hyperimmune sera cover the full spectrum of
epitopes. Apparently, it is possible that a set of mAbs recognizes a

limited number of common epitopes on furthermore different LPS-

in distinct serovars within a serogroup. As shown in this study,
incorrect mAbs-based identification can be avoided by determin-
ing cross agglutination with- polyclonal hyperimmune serum
against the presumably corresponding reference strain.

We designated the isolate serovar Arenal after the volcano in the -

Costa Rica near the residence of the patient in the province Alajuela.

DNA sequence analysis indicated that serovar Arenal most
likely belongs to species L. santarosai, which is distributed almost
exclusively in Latin America (Chappel et al., 1998).

Serovar Arenal likely is not an exotic serovar and might be
common in and around the -Alajuela province of Costa Rica.
Recently, two out of 21 isolates obtained from Costa Rica were
identified as serovar Arenal implying that 13.6% (3/22) of the
isolates consisted of Arenal. The two additional Arenal isolates,
preliminary coded as isolate 7 and 11, were cultured from severely
ill patients living in the Puntarenas province that flanks Alajuela.
Molecular analysis of MAV] 401 /isolate 7 by Multilocus Sequence
Typing showed that it formed a distinct branch that was positioned
closely to, but apart from the clade of L. santarosai (Ahmed et al.,
2006). This supports the unique character of this novel serovar,
also on genotypical grounds.

The infection source of isolate 11 is unknown. lnfectlon with
isolate 7 was very likely acquired via contact with cattle. The
environment of the fish farm of MAV] 401 makes it possible that the
ponds have been contaminated with urine of infected cattle. It is

-therefore tempting to speculate that cattle form the infection
reservoir of this novel serovar. However, further research on
potential infection sources in the region will be needed to confirm
or refute this.

L santarosai, serovar Arenal, type strain MAV] 401 has been
deposited under this designation in the culture collections of the
National Reference Center for Leptospirosis, Costa Rican
Institute for Research in Nutrition and Health, Tres Rios, Costa
Rica and the WHO/FAO/OIE and National Collaborating Centre
for Reference & Research on Leptospirosis, Royal Tropical
Institute, Amsterdam, Netherlands. The novel serovar designa-
tion of strain MAV] 401 has been ratified by the International
Committee on Systematic Bacteriology, Subcommittee on the
Taxonomy of Leptospiraceae.
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Portsmouth woman's death under investigation

By VERONICA GORLEY CHUFO

247-4741
April 11, 2008
RICHMOND

The illness and Wednesday death of a Portsmouth
woman spurred a Virginia Department of Health
investigation Thursday.

The woman suffered from encephalopathy, a
degenerative brain disease. Her illness has been
linked in news reports to variant Creutzfeldt-Jakob
Disease — the human form of mad cow disease.

It's a very rare condition related to the consumption
of beef infected with bovine spongiform
encephalopathy. It's always fatal, the health
department said in a news release.

The woman's name was not released by the health
department but news reports have identified her as Aretha Vinson.

The illness could have been caused by a number of things, State Health Commissioner Karen
Remley said in the release.

"Infections, lack of oxygen to the brain, liver failure, kidney failure, toxic exposures, metabolic
diseases, brain tumors, increased intracranial pressure and poor nutrition are all related to
encephalopathy,” Remley said. "Further testing is the only way to know what caused this illness."

An MR, or brain scan, was sent to the Centers for Disease Control and Prevention in Atlanta.
Additional tests will be handled by the University of Virginia and the National Prion Disease
Pathology Surveillance Center in Cleveland. Results are expected to take several months.

At least 200 cases of variant Creutzfeldt-Jakob Disease have been reported worldwide since 1996.
Three cases have been reported in U.S. residents, and they were all exposed outside the country,
Remley said. It's not spread casually from person to person.

For more information, visit cdc.gov, cjdfoundation.org or vdh.virginia.gov.
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