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Molecular characterization of Leptospira sp. strains isolated from
human subjects in Sdo Paulo, Brazil using a polymerase chain
reaction-based assay: a public health tool

Eliete C Romero/™, Paulo H Yasuda*

Laboratdrio de Leptospirose, Divisdo de Biologia Médica, Instituto Adolfo Lutz, Av. Dr. Arnaldo 355, 9° andar,
01246-902 S&o Paulo, SP, Brasil *Universidade de Santo Amaro, Santo Amaro, SP, Brasil

A polymerase chain reaction (PCR)-based assay which amplifies repetitive DNA elements present within bacte-
rial genomes was used to characterize and differentiate Leptospira sp. Thirty-five strains from a reference culture
collection and 18 clinical isolates which had been previously analyzed by cross agglutinin absorption test (CAAT)
were evaluated by this technique. PCR results from analysis of the reference culture collection showed no bands
corresponding to serogroups Australis, Autumnalis, Bataviae, Celledoni, Cynopteri, Djasiman, Panama, Pomona,
Pyrogenes, and Tarassovi. However, the PCR method was able to clearly discriminate the serogroups Andamana,
Ballum, Canicola, Grippotyphosa, Hebdomadis, | cterohaemorrhagiae, Javanica, Sejroe, Semaranga, and Shermani.
Clinical isolates previously characterized by CAAT as serovar Copenhageni, serovar Castellonis, and as serovar
Canicola werein agreement with PCR results. The clinical isolate previously characterized as serovar Pomona was
not differentiated by PCR. Forty additional clinical isolates from patients with |eptospirosis obtained in Sdo Paulo,
Brazil were also evaluated by this PCR method. Thirty-nine of these were determined to belong to serogroup
| cterohaemor rhagiae (97.5%) and one to serogroup Sgjroe (2.5%). These results demonstrate that the PCR method
described in this study has utility for rapid typing of Leptospira sp. at the serogroup level and can be used in
epidemiological survey.
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Leptospirosis, caused by pathogenic members of the
genus Leptospira, isone of the most widespread zoonotic
diseasesintheworld (Faineet al. 1999, L evett 2001, Bharti
et al. 2003). Potential sources of infection can be identi-
fied most easily by determining the serovar associated
with an outbreak of the disease. Certain serovars are of -
ten associated with specific mammalian hosts and with
the symptoms and severity of the disease.

The genus Leptospira consists of a diverse group of
pathogenic and saprophytic spirochetes, currently clas-
sified into 17 genomospecies based on DNA-DNA hy-
bridization studies (Faineet a. 1999, L evett 2001).

Efforts have been devoted to theidentification of new
leptospire isolates. However, our understanding of the
circulating serovars is still deficient. For public health
purposesin Brazil, identification of at least the most im-
portant and most common pathogenic strainsisvery use-
ful.

Currently, there are various antigenic and genetic meth-
ods for the characterization and identification of lepto-
spires(Dikken & Kmety 1978, Korver et d. 1988, Hermann
eta. 1991, Perolat at al. 1994, Faineet a. 1999, Barochii et
al. 2001). At theserogroup level, microscopic agglutina-
tion tests with group-specific rabbit antisera can be used.
To determinethe serovar, cross-agglutinin absorption test
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(CAAT) with rabbit antisera is the standard method
(Dikken & Kmety 1978). Thelast oneistediousand time-
consuming, requiring the maintenance of a comprehen-
sive collection of serovar reference strains and the prepa-
ration of the corresponding rabbit antisera. Thefew strains
that have previously been isolated in S&o Paulo, Brazil
were originally classified on the basis of their antigenic
traitsfollowing the conventional serotyping methods, i.e.
CAAT with rabbit antisera (Sakataet a. 1992).

Serovar characterization and identification based on
CAAT results are not fully satisfactory as these results
do not always concur with the genetic classification origi-
nally proposed on the basis of DNA-DNA hybridization
studies(Yasudaet a. 1987, Ramadass et al. 1992). CAAT
is used mainly in cases of new strains representing new
serovarsor in casesof problematicisolates. However, this
method cannot be used for routine identification.

Although considerable difficulties are encountered in
theclassification of |eptospiresat serovar level, thisclas-
sification system remains as a standard to intra-species
differentiation. Serovar identification has become faster
with the introduction of genetic typing methods that can
serve as supplementary or alternative typing systems to
identify a set of serovars causing human and animal dis-
ease. These genetic typing methods can identify strain
differences at the serovar or serogroup level.

The present study was undertaken with the specific
objective of examining clinical isolates by using a poly-
merase chain reaction (PCR) assay, using a primer from
repetitive DNA elements present within bacterial genomes.
Also, the PCR method was applied to analysis of strains
isolated in S&o Paulo, Brazil.



374  Characterization of Leptospira sp. isolates by PCR = EC Romero, PH Yasuda

MATERIALS AND METHODS

Leptospira reference strains - Table shows the
serovars selected from the reference culture collection for
evaluation by the PCR assay. The choice of the serovars
was based on the serogroups known to be prevaent in
S&o Paulo, Brazil by serology and isolation methods
(Correaetal. 1971, Sakataet a. 1992, Romero et a. 2003).
Asthe mgjority of Brazilian isolates belong to serogroup
| cterohaemorrhagiae (Sekataet d. 1992, Romero et al. 2003),
seven serovarsfrom this serogroup were evaluated. Also,
a saprophytic strain serovar Patoc was included in this
study.

Clinical isolate strains - Forty strains were isolated
from patients with leptospirosis obtained between 1995
and 1999, inthecity of S&o Paulo, Brazil. All strainswere
isolated from blood except one which was isolated from

urine. Eighteen strainsisolated from patients and charac-
terized by CAAT by Sakataet a. (1992) wereincluded to
make fingerprint comparisons.

All strainswere stored in Ellinghausen-M cCullough-
Johnson-Harris (EMJH) medium (Difco) containing 0.2%
agar (w/v) at room temperature and transferred into fresh
media every three months.

Culture conditions and preparation of DNA - Strains
weregrownin 5ml of EMJH liquid mediumat 30°C. DNA
of the bacterial strainswas extracted following the method
described by Barochii at a. (2001) with some modifica-
tions. Exponentially growing leptospiral cultures were
centrifuged at 12,000 x g for 60 min at 4°C. Theresulting
pelletswerewashed twicewith distilled water, resuspended
in distilled water to approximately 107-10° cells/ml and
boiled for 15 mintoreleasethe DNA.

TABLE
List of Leptospira reference strains analyzed by polymerase chain reaction based on the serogroups known to be prevalent by

serology and isolation methods in Sao Paulo, Brazil and the saprophytic serogroup Semaranga

Serogroup Serovar Strain Genomospecies
Andamana Andaman CH11 L. biflexa
Australis Australis Ballico L. interrogans
Australis Bangkok Bangkok D 92 L. interrogans
Autumnalis Autumnalis Akiyami A L. interrogans
Autumnalis Butembo Butembo L. kirschneri
Ballum Castellonis Castellon 3 L. borgpetersenii
Ballum Ballum Mus 127 L. borgpetersenii
Bataviae Bataviae Vantienen L. interrogans
Bataviae Brasiliensis An 776 L. santarosai
Canicola Canicola Hond Utrecht IV L. interrogans
Canicola Bafani Bafani L. kirschneri
Celledoni Celledoni Celledoni L. weilii
Celledoni Anhoa LT 90-68 L. borgpeter senii
Cynopteri Cynopteri 3522C L. kirschneri
Cynopteri Tingomaria M 13 L. santarosai
Djasiman Djasiman Djasiman L. interrogans
Djasiman Sentot Sentot L. interrogans
Grippotyphosa Grippotyphosa Moska V L. kirschneri
Grippotyphosa Valbuzzi Valbuzzi L interrogans
Hebdomadis Hebdomadis Hebdomadis L. interrogans
Hebdomadis Kremastos Kremastos L. interrogans
Icterohaemorrhagiae Icterohaemorrhagiae RGA L. interrogans
Icterohaemorrhagiae Copenhageni M20 L. interrogans
Icterohaemorrhagiae Copenhageni Wijinberg L. interrogans

I cterohaemorrhagiae Gem Simon L. interrogans
Icterohaemorrhagiae Naam Naam L. interrogans
Icterohaemorrhagiae Birkini Birkin L. interrogans
Icterohaemorrhagiae Mwogolo Korea L. interrogans
Javanica Javanica Veldrat Batavia46 L. borgpeter senii
Javanica Menoni Keraa L. borgpetersenii
Panama Panama CZ214 K L. noguchii
Pomona Pomona Pomona L. interrogans
Pomona Proechimys 1161 U L. noguchii
Pomona Tropica CZ 299 L. santarosai
Pyrogenes Pyrogenes Sdinem L. interrogans
Pyrogenes Hamptoni Hampton L. borgpetersenii
Sgroe Wolffi 3705 L. interrogans
Sgroe Trinidad TRVL 34056 L. santarosai
Semaranga Patoc Patoc | L. biflexa
Shermani Shermani 1342 K L. santarosai
Shermani Carimagua 9160 L. noguchii
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PCR based assay - PCR was performed by using a
singleprimer iRepl (5GCG GACTCATACCCGCT 3)
used by Barochii et al. (2001) to differentiate Leptospira
sp. The PCR mix included 100 ng of DNA from each strain,
100 pmol of primer, 25mM MgCl,,, 1X PCR buffer, 200 uM
deoxynucleotidetriphosphatesand 1 U (Unit) of Taq poly-
merasein afina volume of 25 pl. To prevent evaporation,
25 pl of mineral oil was added to each tube. Amplification
reactions were carried out in a Eppendorf thermal cycler
using thefollowing profile: aninitial denaturation at 94°C
for 5 min followed by 35 cycles of amplification. Each
cycle consisted of denaturation at 94°C for 30 s, anneal -
ing at 50°C for 90 s, and extension at 72°C for 4 min, with
afina extension time of 7 min. All reagents used were
from Gibco BRL, Grand Idand, NY. PCRwasperformed on
all test samplesfive timesto evaluate the reproducibility
of the test. For each assay, PCR products were el ectro-
phoresed in 1.5% agarose gels containing ethidium bro-
mide 0.5 pg/ml and viewed under UV illumination and docu-
mented using gel Doc EQ (BioRad) with Quantity One
software according to the manufacturer’sinstructions.

Microscopic agglutination test with group-specific
rabbit antisera - The 40 isolates were screened against
group-specific rabbit antisera representing serogroups
following standard procedures to determine the sero-
group. An isolate was considered to belong to the
serogroup of the group serum that gave the highest titer
(Dikken & Kmety 1978).

RESULTS

Theresultswerereproducibleall fivetimeseach strain
wastested. Fig. 1 shows PCR fingerprints of thereference
strains. PCR was able to discriminate the serogroups
Andamana, Ballum, Canicola, Grippotyphosa, Heb-
domadis, Icterohaemorrhagiae, Javanica, Sejroe,
Semaranga, and Shermani. The iRepl-PCR assay results
from serogroup | cterohaemorrhagiae showed all serovars
evaluated shared asimilar pattern.
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There were no bands by PCR present corresponding
to serogroupsAustralis, Autumnalis, Bataviae, Celledoni,
Cynopteri, Djasiman, Panama, Pomona, Pyrogenes, and
Tarassovi (data not shown).

The 14 isolates characterized previously by CAAT
(Sakata et al. 1992) as serovar Copenhageni al shared
common PCR pattern features as well as pattern features
characteristic of the serogroup I cterohaemorrhagiae. Simi-
larly, PCR resultsfrom two isolate characterized asserovar
Canicola and one isolate characterized as serovar Cas-
telloniswerein agreement with CAAT resultswhen com-
pared with the reference strains (Fig. 2). One strain be-
longing to serogroup Pomona did not show any bands
by PCR (data not shown).

Fig. 3 shows the representative PCR fingerprints of
clinical isolates. In comparison to the reference bank
strains used in this study, PCR results of the 40 clinical
isolates showed that 39 (97.5%) belong to serogroup
I cterohaemorrhagiae since all fingerprints wereidentical
and one (2.5%) belonged to serogroup Sejroe. Thesingle
strain isolated from urine belonged to serogroup Icte-
rohaemorrhagiae. Theseresultsarein agreement with mi-
croscopic agglutination test with group-specific rabbit
antisera.

DISCUSSION

Leptospirosis are frequent in Brazil despite the warm
tropical weather accompanied by heavy rainfall (Romero
et al. 2003). Because of the association of certain leptospiral
serogroups and serovars with severe disease manifesta-
tion and complications, an assay that can rapidly and eas-
ily identify and distinguish among serogroups or serovars
during an outbreak isneeded. No further information was
availableregarding the status of |eptospireisolatesin S&o
Paulo after 1989 (Sakata et al. 1992) and the number of
isolateswasvery low. The common infecting leptospires
reported from S&o Paulo include serovars Copenhageni
(77.78 %), Canicola(11.11%), Castellonis (5.55%), and the
serogroup Pomona(5.55%) (Sakataet al. 1992). Sincethen,
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Fig. 1: iRep-PCR fingerprints of reference strains from the genus Leptospira sp. listed in the Table. Lanes - 1: serovar |Icterohaemorrhagiae
strain RGA; 2: serovar Mwogolo strain Korea; 3: serovar Copenhageni strain Wijinberg; 4: serovar Gem strain Simon; 5: serovar
Copenhageni strain M20; 6: serovar Naam strain Naam; 7: serovar Birkini strain Birkin; 8: serovar Javanica strain Veldrat Batavia 46; 9
serovar Menoni strain Kerala; 10: serovar Andaman strain CH11; 11: serovar Shermani strain 1342K; 12: serovar Carimagua strain 9160;
13: serovar Wolfii strain 3705; 14: serovar Trinidad strain TRVL 34056; 15: serovar Patoc strain Patoc |; 16: serovar Hebdomadis strain
Hebdomadis; 17: serovar Kremastos strain Kremastos; 18: serovar Grippotyphosa strain Moskva V; 19: serovar Valbuzzi strain Valbuzzi;
20: serovar Castellonis strain Castellon 3; 21: serovar Ballum strain Mus 127; 22: serovar Canicola strain Hond Utrecht 1V; 23: serovar
Bafani strain Bafani; 24: molecular size marker, DNA ladder (100-bp-Invitrogen) for the range 100-2072 bp.
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Fig. 2: iRep1-PCR fingerprints of Leptospira strains characterized by cross aglutinin absorption test. Lanes - 1: molecular size marker,
DNA ladder (100-bp-Invitrogen) for the range 100-2072 bp; 2-3: serogroup Canicola serovar Canicola; 4: serogroup Ballum serovar
Castellonis; 5-18: serogroup |cterohaemorrhagiae serovar Copenhageni.
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Fig. 3: representative iRepl-PCR fingerprints of some Leptospira strains isolated from patients with leptospirosis obtained between 1995-
1999. Lanes - 2-13: serogroup |cterohaemorrhagiae; 14: serogroup Sejroe; 1 and 15 represent 100bp size markers (100-bp-Invitrogen) for

the range 100-2072 bp.

several isolates of leptospires have been obtained and
attempts have been made to characterize these strains.
Toward this goal, we have isolated and examined Lep-
tospira strains from patients diagnosed with |eptospiro-
sisin several parts of the city of S&o Paulo, Brazil.

Traditional serological typing of leptospiral isolates
is a difficult and labor-intensive process involving the
use of cross-absorption agglutination reactions and a
large collection of rabbit antisera. A rapid and accurate
method for typing leptospiresfrom clinical samplesises-
sential for medical diagnosis and treatment as well as
isolationand control of the spread of leptospirosis. PCR
has been used as an alternative approach to current meth-
ods. The choice of a molecular typing method will de-
pend upon the needs, skill level, and resources of the
laboratory. Compared with the current commonly used
methodsin genetic classification, PCR hasthe advantages
of rapidity, simplicity and low-cost. PCR isthe least ex-
pensive molecular typing method available (Olive & Bean.
1999). In previous study of Barochii et al. (2001), the
valueof i-Repl PCR fingerprinting for identifying Lep-
tospira isolates was demonstrated.

Our study indicates that iRepl PCR fingerprinting is
one of the simplest methods for characterizing the iso-

lates on the serogroup level. Thismethod produced bands
that were distinct and reproducible. The PCR resultswith
i-Repl were consistent with the results of MAT using
rabbit antisera. The fingerprints of both the older (Fig. 2)
and more recently collected isolates belonged to the
serovar Copenhageni (Fig. 3). However, the PCR assay
was not able to distinguish among isolates at the serovar
level. In the present study, it was found that strains be-
longing to the same serogroup showed similaritieseven if
they belong to different genomospeci es such as serogroup
Shermani serovars Shermani and Carimagua, serogroup
Canicola serovars Canicola and Bafani, serogroup
Grippotyphosa serovars Grippotyphosaand VValbuzzi and
serogroup Sejroe serovars Wolffi and Trinidad.

One disadvantage of the PCR assay was the inability
to distinguish among some serovars. However, since
serogroup |cterohaemorrhagiae is the prevalent sero-
group foundin S&o Paulo, Brazil (Sekataet . 1992, Romero
et a. 2003), thelocal utility of the PCR assay was demon-
strated. Also, the PCR assay using theiRepl primer could
differentiate serovar Canicolaand serovar Castellonis, two
other serovars isolated from the patients in Sdo Paulo
(Sakataet a. 1992). Furthermore, oneisol ate belonging to
serogroup Sejroe was demonstrated in the present study.
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The ability to discriminate these serovars should provide
auseful tool in epidemiol ogy. The PCR method wasfound
to be a powerful method for the identification of lepto-
spires at the serogroup level.

One characteristic that is important for introduction
of amolecular typing method into aclinical laboratory is
the ability of the method to alow analysis of large number
of samples. In laboratories involved in large epidemio-
logical studies, high-throughput capability is essential.
Simpletechniqueswith discriminatory power and low cost
such asiRep1-PCR may be most suitable. Molecular typ-
ing techniques such as PCR, are increasingly being used
for typing of leptospiral strains because they are both
simple and rapid and are therefore often preferred over
methods like cross-absorption agglutination test and
nucleic acid hybridization. Thisrapid identification of the
etiologic agent in outbreaks and the differentiation of lep-
tospiral serogroupsarecritical in preventing high mortal-
ity associated with certain serogroups.

The disadvantage of genetic typing isthe inability to
distinguish at the serovar level using arbritrarily or ran-
domly primed polymerase chain reaction (Letocart et al
1997, Pereiraet a. 2000, Roy et a. 2003, Natargjaseenivasan
et al. 2004, 2005), allele-specific amplification (Woo et & .
1997), low-stringency single specific primer PCR (Oliveira
et al. 2003), PCR using insertion element sequences
(Zuerner & Bolin, 1997, Machang' u et a. 2004) and PCR-
restriction fragment length polymorphisms (Woo et al.
1997). Neverthel ess, these techniques may still be hel pful
in discriminating serogroups during outbreaks.

In conclusion, our study shows that this technique
will improve the identification of Ieptospires at the
serogroup level for epidemiological survey. The use of
the PCR assay eliminates the need for difficult and time-
consuming techniques such as maintenance of reference
serum batteries, dark-field microscopy and preparation of
homol ogous rabbit antiserum used for serologic assays.
However, this method should be complemented by con-
ventional methods such as CAAT for the identification of
Leptospira isolates at serovar level.
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