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Leptospira  spp.,  a zoonotic  agent  relevant  for public  health,  occurs  frequently  in tropical  regions.  The
aquatic  environment  represents  a viable  survival  and transmission  pathway.  This  study  aimed  to  inves-
tigate  the  presence  of anti-Leptospira  spp.  antibodies  in  Phrynops  geoffroanus  (Geoffroy’s  side-necked
turtle)  serum  samples  using  the  microagglutination  test  (MAT),  and  Leptospira  spp.  in  gastric  and  cloacal
lavage  samples  using  the  polymerase  chain  reaction  (PCR)  technique.  Antibodies  against  nine  different
Leptospira  spp.  serovars  were  detected  in  45.45%  (30/66)  of  the  serum  samples.  Specific  amplification  of
eptospira
eptile
errapin
oonosis
ublic health

Leptospira  spp.  genomic  material  (331 bp)  was observed  in  16.67%  (11/66)  of  the  samples.  In conclusion,
these  freshwater  testudines  host  Leptospira  spp.  and  eliminate  them.  This  situation  may  represent  a risk
to  public  health,  especially  to people  who  use  urban  streams  for fishing  and  recreational  activities.  Addi-
tionally,  we  described  some  Leptospira  spp.  serovars,  not  yet  reported  in  testudines,  detected  here in  P.
geoffroanus.

©  2016  Elsevier  B.V.  All  rights  reserved.
. Introduction

Leptospira spp. is a waterborne zoonotic bacterium (Adler and
octezuma, 2010) relevant for public health (Silva et al., 2012).

t is distributed worldwide, and its occurrence is higher in trop-
cal regions, mainly where there is high seasonal rainfall (Acha
nd Szyfres, 2001). Infection by Leptospira spp. in humans occurs
hrough direct contact with infected animals or indirectly by con-
act with a contaminated environment (Adler and Moctezuma,
010).

Many domestic and wild mammals have been found to be
ither natural reservoirs or accidental hosts for several serotypes
f Leptospira spp. However, non-mammalian animals such as those
elonging to the herpetofauna (Andrews et al., 1965; Jobbins and

lexander, 2015) may  play a role as reservoir hosts when con-
idering the epidemiology (Glosser et al., 1974), transmission and
ersistence of Leptospira spp. (Jobbins and Alexander, 2015).
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Detection of leptospiral antibodies by microscopic agglutination
test (MAT) is considered the standard serological test for laboratory
diagnosis of mammalian leptospirosis (OIE, 2016); however, owing
to the high sensitivity of this method (Adler and Moctezuma, 2010),
false-positive results are possible (Grimm et al., 2015), which sug-
gests caution should be taken when MAT  is the only diagnostic
method used (Glosser et al., 1974). Evidence indicates that MAT
is a valid tool for surveying leptospiral infection in reptiles by
seroconversion after experimental infection (Abdulla and Karstad,
1962). Leptospira spp. has been serologically detected in captive tes-
tudines (Esteves et al., 2005; Silva et al., 2010) and in wild terrapins
present in environments frequented by humans (Andrews et al.,
1965; Glosser et al., 1974; Silva et al., 2009; Grimm et al., 2015).
Another sensitive and reliable diagnostic method for the detec-
tion of Leptospira spp. is polymerase chain reaction (PCR) (Acha
and Szyfres, 2001), which has been successfully applied in reptiles’
samples (Biscola et al., 2011; Jobbins and Alexander, 2015; Mitchell
et al., 2015).

Phrynops geoffroanus (Geoffroy’s side-necked turtle), a native
South American freshwater turtle, lives in lakes, rivers, and streams
(Rueda-Almonacid et al., 2007) with calm water flow (Souza, 2004).
P. geoffroanus has been adapting to inhabit urban rivers polluted

with organic waste (Souza and Abe, 2000; Souza, 2004).

This environmental condition is observed in the urban stream
Córrego Cerradinho in the city of Jaboticabal, São Paulo state, Brazil.
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n this region, there is high rainfall during the summer season,
ith a large volume of water (Borges et al., 2003) that eventually

verflows. In addition, humans use the stream for fishing and recre-
tional activities. Occasionally, when specimens of P. geoffroanus
re accidentally fished, they are kept as pets or used as food.

The present study aimed to search for Leptospira spp. and
ntibodies against these bacteria in P. geoffroanus captured in an
nthropic environment.

. Material and methods

.1. Subjects, period, study area and ethics statement

Phrynops geoffroanus (Geoffroy’s side-necked turtle) specimens
ere captured using net poles, from February to May 2012,

long 1,9 Km of the urban stream section of Córrego Cerradinho
total length of 11 km)  in the city of Jaboticabal (21◦15′22′ ′S and
8◦18′58′ ′W),  São Paulo state, Brazil.

This search was performed in accordance to the regulations
f University ethics committee for animal use (protocol no.
07842/11) and of the Brazilian government (protocol no. 284401).

.2. Leptospira microagglutination test: samples and protocol

Blood samples were collected from the cervical vertebral venous
lexus; serum was obtained and stored at −20 ◦C to perform serol-
gy by MAT  (OIE, 2016).

Detection of anti-Leptospira spp. antibodies was  performed
sing twenty-four serovars (Andamana, Australis, Autumnalis,
ataviae, Bratislava, Butembo, Canicola, Castellonis, Copenhageni,
ynopteri, Grippotyphosa, Hardjo, Hebdomadis, Icterohemor-
hagiae, Javanica, Panama, Patoc, Pomona, Pyrogenes, Sentot,
hermani, Tarassovi, Whitcombi, and Wolffi). Sera are considered
ositive when agglutination is greater than or equal to 50% (Glosser
t al., 1974; OIE, 2016). Sera that tested positive in the first dilution
ere re-examined after two-fold serial dilutions, up to a maxi-
um dilution of 1: 2560. The cut-off titer was ≥1:20 (Abdulla and

arstad, 1962).
When a serum sample reacted with more than one serovar, the

ighest titer was used as to define the serovar detected. Animals
hose serum reacted with multiple serovars at the same titer levels
ere labeled as “multiple titer” (Grimm et al., 2015).

.3. Molecular diagnosis of Leptospira:  samples and protocols

The terrapins were manually restrained; individual gastric and
loacal content was collected by lavage using sterile cateter probes
nd sterile 0.9% sodium chloride (NaCl) solution. Samples were
ractioned into 2-mL sterile plastic microtubes and stored at −20 ◦C.

The DNA extraction followed the by Kuramae-Izioka (1997) pro-
ocol with modifications made to the extraction buffer, which was
omposed of 100 mM Tris-HCl pH 8.0, 50 mM EDTA pH 8.0, 20 mM
aCl, and 0.5% sodium dodecyl sulfate.

DNA samples were processed and subjected to PCR to amplify
 fragment of 331 bp from the Leptospira rrs (16S) gene to identify
eptospira spp. using primers Lep1 (5′ − GGC GGC GCG TCT TAA ACA
G − 3′) and Lep2 (5′ − TTC CCC CCA TTG AGC AAG ATT- 3′) (Mérien
t al., 1992). Positive DNA samples used as controls were kindly
onated by the Laboratório de Diagnóstico de Brucelose e Lep-
ospirose from Universidade Estadual Paulista (Unesp), Jaboticabal,
ão Paulo, Brazil.

PCR was performed using 1 x PCR buffer (20 mM Tris-HCl

H 8.4; 50 mM KCl); 2.0 mM MgCl2; 0.2 mM of each deoxynu-
leoside triphosphate (dNTP); 5 pmol of each primer; 1U Taq
NA polimerase (Fermentas, Thermo Fisher Scientific); 7.0 mL  of
enomic DNA; and sterile Milli-Q water to 20 �L. Amplification was
a 164 (2016) 165–168

performed in a thermal cycler (Applied Biosystems, Foster City, Cal-
ifornia, USA) programmed to perform one cycle at 94 ◦C for 4 min,
35 cycles at 94 ◦C for 1 min, 60 ◦C for 1 min, and 72 ◦C for 1.5 min,
followed by a final extension at 72 ◦C for 10 min. The amplicons
were visualized by electrophoresis on a 1.0% agarose gel.

2.4. Evaluation of MAT sensitivity and specificity

MAT  has been used as serological test for Leptospira spp. diag-
nostic (OIE, 2016) in testudines (Andrews et al., 1965; Esteves et al.,
2005; Glosser et al., 1974; Silva et al., 2009, 2010; Grimm et al.,
2015). In order to analyze the sensitivity and specificity of MAT  in
these study, PCR was used as the gold standard diagnostic tech-
nique.

3. Results and discussion

3.1. Leptospira microagglutination test

The occurrence of antileptospiral agglutinins detected in this
study (45.45%, 30/66) corroborates other studies performed in
wildlife testudines. Studies performed in Emydoidea blandingii
(Blanding’s turtles) have found anti-Leptospira antibodies in 100%
(34/34) (Mitchell et al., 2015) and 93.5% (29/31) (Grimm et al.,
2015) of the samples. In Trachemys dorbigny (Black-bellied Slider)
and Phrynops hilarii (Hilaire’s Side-necked Turtle), 27.5% (11/40) of
the animals were positive (Silva et al., 2009). Glosser et al. (1974)
described that 91.7% (44/48) of the samples from Sternothaerus
odoratus (Stinkpot turtle) and Trachemys scripta elegans (Red-eared
Slider) were positive. Additionally, Andrews et al. (1965) reported
89.09% (49/55) of T. scripta elegans and 22.22% (2/9) of Chelydra
serpentina (Snapping turtle) were positive for anti-Leptospira anti-
bodies. The same authors observed anti-Leptospira antibodies in
34.61% (18/52) of the samples when working with tortoises (Ter-
rapene carolina carolina − Eastern box turtle) (Andrews et al., 1965).

In the present study, antibodies against nine serovars (37.5%,
9/24) of Leptospira spp. were detected. The most-commonly
detected serovar was Copenhageni, with a frequency of 15.15%
(10/66). Wildlife terrapins from the USA (Glosser et al., 1974) and
captive freshwater turtles from Slovenia (Lindtner-Knific et al.,
2013) were also reactive for this serovar.

The second most common serovar identified in the current study
was L. Pyrogenes with 10.61% (7/66), followed by L. Autumnalis
with 4.54% (3/66). No reports have been found about these serovars
in testudine samples. L. Patoc (4.54%, 3/66), which was detected in
our study, has also been found in wild aquatic testudines from the
USA (Glosser et al., 1974), and in captive tortoises (Silva et al., 2010)
and terrapins (Esteves et al., 2005) from Brazil.

We observed lower titers of antibodies reactive to L. Canicola,
L. Andamana, L. Grippotyphosa, and L. Castellonis in P. geoffroanus,
which were detected at a frequency of 1.51% (1/66) for each serovar.
The Canicola serovar has been reported in wildlife tortoises from
the USA (Andrews et al., 1965) and wild terrapins from Brazil (Silva
et al., 2009); it has been found in captive testudines from Brazil
(Silva et al., 2010) and Slovenia (Lindtner-Knific et al., 2013) as
well. The Andamana serovar has been described in testudines from
the USA (Glosser et al., 1974) and from Brazil (Esteves et al., 2005;
Silva et al., 2010). L. Grippotyphosa has been detected in wild fresh-
water turtles from the USA (Grimm et al., 2015) and from Brazil
(Silva et al., 2009) as well as in captive terrapins and tortoises from
Slovenia (Lindtner-Knific et al., 2013). Reports on the presence of

L. Castellonis in testudines was  not found in the literature.

Additionally, we found that serum samples from some P.
geoffroanus were reactive to more than one Leptospira spp.
serovars at equal titers (“multiple titer”) as observed for
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Table 1
Results of PCR and MAT  for Leptospira spp. from wild Phrynops geoffroanus (Geoffroy’s
side-necked turtle) captured in the urban stream Córrego Cerradinho, Jaboticabal,
SP, Brazil.

PCR Results Totals

Detected Not detected

Reactive MAT  Results n 5a n 25 n 30
Non reactive MAT  Results n 6b n 30 n 36
Totals n 11 n 55 N 66
J.P. Oliveira et al. / Acta

yrogenes/Copenhageni (3.03%, 2/66, with titer 1:60) and Pyro-
enes/Icterohemorrhagiae (1.51%, 1/66, with titer 1:80). Grimm
t al. (2015) reported “multiple titer” specimens for serovars
cterohemorrhagiae/Canicola (16.13%; 5/31) and Icterohemorrha-
iae/Grippotyphosa/Canicola (3.23%; 1/31) in E. blandingii.

The serum antibody titers in the present study ranged between
1:20 and ≤1:1280. The frequencies of these titers were 1:20

20.0%, 6/30), 1:40 (30.0%, 9/30), 1:80 (23.33%, 7/30), 1:160 (23.33%,
/30), and 1:1280 (3.33%, 1/30). Andrews et al. (1965) suggested
hat high antibody titers and high reactor rates, in aquatic tur-
les under natural conditions, may  be consequent to continued
ong-term exposure to water-borne leptospires. After conduct-
ng experimental infection with Leptospira spp. serovar Pomona
n freshwater turtles (E. blandingii and C. serpentina), Abdulla and
arstad (1962) observed the range of antibody titer peaks (1:20

o 1:60) and suggested that low environmental temperatures may
nterfere with the immune response and antibody production.

A screening dilution of 1:20 was used in the present work. Dif-
erent titer cut-offs were used for serum samples obtained from
errapins in previous studies, such as 1:20 (Abdulla and Karstad,
962), 1:25 (Grimm et al., 2015), 1:40 (Silva et al., 2010), 1:50
Glosser et al., 1974; Lindtner-Knific et al., 2013), and 1:100 (:100
Andrews et al., 1965; Esteves et al., 2005; Silva et al., 2009). Stan-
ard screening dilution for MAT  in reptiles has not been established.
sing low titer cut-offs such as 1:20 might result in low specificity
nd increased false-positive results. In order to limit factors that
ight lead to misinterpretation of results, such as cross-reaction

mong serovars at lower titers, the serovar with the highest titer
hould be considered positive (Grimm et al., 2015). For a better
nderstanding of testudine’s immune system and seroconversion,
xperimental infection and determination of a standard cut-off for
AT  test would be indispensable.
Grimm et al. (2015) proposed that MAT  results may  confirm that

 given leptospire has been present in the turtles’ habitat, which
haracterizes exposure of reptiles to this bacterium, and repre-
ents an important first step in elucidating the epidemiology of this
athogen in terrapins. Serological methods offer presumptive evi-
ence of previous contact of turtles with a given pathogen (Glosser
t al., 1974), but do not determine the moment of the infection or
f, and how, the agent affects these turtles (Grimm et al., 2015).

.2. Molecular diagnosis of Leptospira

A total of 132 samples of stomach and cloacal contents were
btained from the sixty-six P. geoffroanus captured. Specific ampli-
cation of Leptospira spp. genomic material (331 bp) was observed

n 16.67% (11/66) of the lavage samples (eight gastric and three
loacal) from P. geoffroanus.

Mitchell et al. (2015) also used molecular methods for detec-
ion of Leptospira spp. and found this pathogen in 70.6% (24/34)
f urine samples from wild E. blandingii.  Other researchers used
CR techniques on kidney and liver fragments from necropsied
nakes and found genetic material of Leptospira spp. in 6.3% (1/16)
f the kidney samples obtained from a wild Crotaphopeltis hotam-
oeia (Herald Snake) (Jobbins and Alexander, 2015); Leptospira spp.
as also detected by PCR in kidney and liver samples of one (1/1)
ildlife Bothrops pauloensis (Jararaca-pintada), and in kidney sam-
les of two (2/2) captive Bothrops moojeni (Brazilian lancehead)
Biscola et al., 2011).

.3. Microagglutination test versus molecular diagnosis
All the results from the molecular diagnosis tests (PCR) of Lep-
ospira spp. and the microagglutination test (MAT) were compiled
n Table 1.
a Gastric (n 4) and cloacal (n 1) samples.
b Gastric (n 4) and cloacal (n 2) samples.

Five P. geoffroanus (7.57%, 5/66) were positive simultaneously
by PCR for Leptospira spp. and MAT. The serovars detected in
these specimens were Autumnalis (1:160), Copenhageni (1:80 and
1:160) and Pyrogenes (1:20 and 1:160). Biscola et al. (2011) stud-
ied wildlife and captive snakes (n 3), and described the concurrent
detection of the genomic material of Leptospira spp. in kidney
samples and antibodies against this bacterium in serum samples
(serovar Hardjo prajtino 1:200 and 1:1600).

The presence of Leptospira spp. (detected by PCR in this study)
stimulates the development of antibodies by the host (Abdulla and
Karstad, 1962); however, this situation was  observed only in 45.45%
(5/11) of the samples. The other 54.54% (6/11) of the animals were
positive by PCR but had non-reactive MAT  results. Possibilities to
why this occurred include: an inability of the host’s immune system
to respond (immunodeficiency); a lack of Leptospira spp. immuno-
genicity; or too brief contact between the agent and the host to
produce antibodies.

On the other hand, the detection of antibodies (45.45%; 30/66)
did not coincide with the detection of the agent by PCR. In 83.33%
(25/30) of the animals, PCR did not detect leptospiral genetic
material. These facts might suggest that these terrapins have had
previous contact with the agent. By the way, there is not substantial
knowledge regarding the cellular immune response and the anti-
body kinetics of P. geoffroanus infected by Leptospira spp.; neither
about the period in which antibody titers remain detectable in this
animal species; nor if the absence of the agent, at the moment of
sample collection, denotes lack of current infection.

Considering PCR as gold standard diagnostic technique for
detection of leptospires, we observed that MAT  had low sensitiv-
ity (45.45%) and specificity (54.54%) in the present study. These
results may  have occurred owing to the small sample size (66 wild
animals), or to the use of diluted material (gastric or cloacal lavage
samples) for PCR instead of organ fragments (from kidneys or liver,
for example).

Additionally, little is known about the pathogenicity of Lep-
tospira spp. toward terrapins (Abdulla and Karstad, 1962; Mitchell
et al., 2015) since these animals and this bacterium may have been
coexisting for a long time in the aquatic environment (Andrews et
al., 1965; Glosser et al., 1974). Have they coevolved? Some of these
questions raised could be answered by experimentally infecting
aquatic testudines with Leptospira spp.

3.4. Testudines and Leptospira spp.: a public issue

The presence of pathogenic Leptospira spp. in body fluids
or tissues (Mérien et al., 1992) may  lead to leptospiremia and
leptospiruria (Abdulla and Karstad, 1962), with consequent dis-
semination of leptospires into aquatic ecosystems (Abdulla and
Karstad, 1962; Mitchell et al., 2015). Terrapins may prove useful

as sentinel species for the assessment of environmental contami-
nation by Leptospira spp. (Grimm et al., 2015).

Considering that (1) Leptospira spp. is an important zoonotic
agent (Silva et al., 2012), which survives in aquatic environment
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Souza, F.L., 2004. Uma  revisão sobre padrões de atividade, reproduç ão e
alimentaç ão de cágados brasileiros (Testudines, Chelidae). Phyllomedusa
Piracicaba 3 (1), 15–27, Available at
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nd use it as transmission way (Plank and Dean, 2000; OIE, 2016);
2) reptiles are continuously exposed to water-borne leptospires
or a long time (Andrews et al., 1965; Glosser et al., 1974); and
3) evidence indicates that reptiles may  spread leptospires to
ther reptiles, as confirmed by seroconversion and culture tests
Abdulla and Karstad, 1962), it has been suggested that reptiles

ay  play a relevant role as reservoirs/host in leptospiral epidemi-
logy (Abdulla and Karstad, 1962; Glosser et al., 1974; Jobbins and
lexander, 2015; Mitchell et al., 2015; Grimm et al., 2015).

The presence of wild animals in human-dominated land-
capes allow overlapping between humans, wildlife (Jobbins and
lexander, 2015), and domestic animals (Grimm et al., 2015).
his coexistence represents a health risk for susceptible animals
Abdulla and Karstad, 1962; Mitchell et al., 2015), including humans
xposed during recreational activities and professionals working
ith terrapins (Grimm et al., 2015).

Further studies are required to determine the role of these ani-
als in the epidemiology of Leptospira spp. (Grimm et al., 2015)

nd the risk of transmission to humans (Silva et al., 2009; Lindtner-
nific et al., 2013; Grimm et al., 2015; Jobbins and Alexander, 2015).

. Conclusion

The detection of Leptospira spp. DNA and anti-Leptospira anti-
odies in wild P. geoffroanus living in an urban environment

ndicates that these freshwater testudines host Leptospira spp. and
liminate them. This situation may  represent a risk to public health,
specially to people who use urban streams for fishing and recre-
tional activities. Additionally, we described some Leptospira spp.
erovars, not yet reported in testudines, detected here in P. geof-
roanus.
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