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Leptospirosis is a neglected tropical disease caused by pathogenic Leptospira spp. The lack of an effective vaccine favors the increase
of the disease. Currently, surface-exposed proteins are the main targets for the search of vaccine candidates. In this study, we
examined whether the surface Lsa46 and Lsa77 proteins, previously identified as laminin and plasminogen binding proteins, have
the capacity of inducing protection and sterilizing immunity against challenge with virulent Leptospira in hamster model. Animals
were subcutaneously immunized with Lsa46, Lsa77, or a combination of both in Alum adjuvant and challenged intraperitoneally
with L. interrogans serovar Kennewicki strain Pomona Fromm. Hamster immunization with Lsa46 or Lsa77 or both promoted a
strong IgG response. Th2- and Thl-biased immune responses were observed when Lsa46 and Lsa77 were individually administered,
respectively, as detected by the IgG1/IgG2/3 ratio. Immunized hamsters with the combined proteins induced a Thl-biased immune
response. Although the immunization with Lsa46 and Lsa77 stimulated protective immunity with reduction of bacterial burden,
when compared to animals individually immunized with the proteins, the data was not statistically significant. Thus, although
promising, more studies are needed before the role of these proteins in stimulating sterilizing immunity in mammals is conclusively

determined.

1. Introduction

Leptospirosis is a widespread zoonosis of human and veteri-
nary concern. The global burden of leptospirosis is estimated
to be over one million of annual cases [1]. In developing
countries, outbreaks occur during rainfall periods, mainly in
areas with inadequate infrastructure. This condition favors
the proliferation of rats, the main reservoir of Leptospira [2].
Humans are generally infected through direct or indirect
contact with the urine of infected animals [3]. Due to the
undifferentiated symptoms, leptospirosis is commonly misdi-
agnosed for other acute febrile syndrome and most probably
remains underestimated [3, 4].

Vaccines against leptospirosis are composed of whole
inactivated bacteria cells, known as bacterins, or membrane
preparations of pathogenic leptospires [5-7]. These vaccines
induce short term-immunity, requiring annual boosts [8].

LPS are the basis of serological classification of Leptospira
spp., being highly heterogeneous among leptospiral serovars.
Accordingly, bacterin vaccines are protective only against
the serovars included in the preparation [4]. Therefore, the
development of conserved, cost-effective vaccines has been
pursued.

Currently, subunit vaccines based on conserved outer
membrane proteins (OMPs) have been the research focus of
many groups worldwide [9-14], representing an important
strategy for leptospirosis control. Several recombinant vac-
cines have been evaluated to date with variable efficacies [9-
14], and in some cases, conflicting results have been observed
[15, 16]. The most studied antigen candidates are LigA and
LigB proteins, although animal protection and sterilizing
immunity data in leptospirosis hamster model are controver-
sial [15, 17-22]. Furthermore, LigA protein is not conserved
among virulent leptospiral strains; its gene only presents in
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three Leptospira spp. [23]. Therefore, there is still a need for
new vaccine targets.

In the present work, we evaluated the immune protective
capacity of Lsa46 and Lsa77 recombinant proteins. Lsa46 and
Lsa77 have OmpA-like domains and were previously charac-
terized as laminin and plasminogen binding proteins. These
proteins were localized at the cell surface by immunofluo-
rescence assay and recognized by antibodies in leptospirosis
serum samples suggesting their expression during infection
[24]. The Lsa46 and Lsa77 proteins were individually or
combined tested in leptospirosis animal model, and their
ability in stimulating immune response is discussed.

2. Methods

2.1. Bacterial Strains. 'The virulent L. interrogans serovar Ken-
newicki strain Pomona Fromm (LPF) and L. interrogans ser-
ovar Copenhageni strain FIOCRUZ LI1-130, culture-atten-
uated L. interrogans serovar Copenhageni strain M20, L.
borgpetersenii serovar Whitcombi strain Whitcombi, L. kir-
shneri serovars Cynopteri strain 3522C and Grippotyphosa
strain Moskva, L. santarosai serovar Shermani strain 1342K,
L. noguchii serovar Panama strain 1342K, and saprophyte
L. biflexa serovar Patoc strain Patocl were cultured at
28°C under aerobic conditions in liquid Ellinghausen-
McCullough-Johnson-Harris (EMJH) medium (Difco, BD,
Franklin Lakes, NJ, USA) containing 10% (vol/vol) rabbit
serum. Virulent leptospire cultures are routinely maintained
at the Faculdade de Medicina Veterindria e Zootecnia,
Universidade de Sao Paulo (USP) in Sao Paulo, Brazil, by
infection of Golden Syrian hamsters and subsequent bacterial
isolation from kidney. Escherichia coli BL21 DE3 Star pLysS
cells were used as recombinant protein expression hosts.

2.2. Recombinant Proteins Purification. Lsa46 and Lsa77
expression and purification steps are detailed in [24]. Briefly,
E. coli BL21 DE3 Star pLysS cells containing each recombinant
plasmid were grown in LB medium (Luria-Bertani) contain-
ing 50 ug/mL ampicillin to an OD600 nm of approximately
0.6 and the expression of the recombinant proteins was
induced by 1 mM isopropyl [3-d-1-thiogalactopyranoside
(IPTG) for 3 h under constant agitation at 37°C. The cells were
harvested by centrifugation and the resulting bacterial pellet,
after sonication, was resuspended in a buffer containing 20
mM Tris-HCI (pH 8.0), 500 mM NacCl, and urea 8 M. The
proteins, expressed with a N-terminus 6xHis, were purified
through a Ni2+ charged chelating fast-flow chromatographic
column (GE Healthcare, Buckinghamshire, UK) and refolded
as previously described [24].

2.3. Leptospiral DNA Extraction and PCR Analysis. Approx-
imately, 3x10® leptospiral cells were harvested by centrifuga-
tion at 8,000 x g for 15 min. Pellet was resuspended in 467
pL TE buffer (10 mM Tris-HCI, pH 7.4; ImM EDTA, pH 8.0)
30 uL SDS (10%) and 3 uL proteinase K (20 mg/mL) (Sigma)
and incubated for 1h at 37°C. After, 500 yL phenol:chloroform
solution (1:1) was added and the solution was thoroughly
mixed. Samples were centrifuged at 12,000 x g for 5 min
and the aqueous phase was transferred to a new tube. The
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phenol: chloroform extraction was repeated. It was added 1:10
volume of 3M sodium acetate and 0.6 volume of isopropanol
the aqueous phase and the solution was incubated for 1h at
-20°C. After, samples were centrifuged at 12,000 x g for 20
min, the pellet was washed with ImL of 70% ethanol and
recovered by centrifugation at 10,000 x g for 10 min at 4°C.
The air-dried pellet was then resuspended in 50 uL of water.
The DNA fragments were amplified using oligonucleotides
designed according to L. interrogans serovar Copenhageni
genome sequences. PCR was performed in a reaction volume
of 50 uL containing 1x PCR buffer, 2mM MgCl,, 20 pmol of
each specific primer, 200 uM of dNTPs, 100 ng of genomic
DNA, and 1 U Taq DNA Polymerase. Cycling conditions were
94°C for 4 min, followed by 35 cycles at 94°C for 50 sec, 60°C
for 50 sec, 72°C for 2 min, and a final extension cycle of 7
min at 72°C. PCR amplified products were analyzed on a 1%
agarose gel.

2.4. Leptospiral RNA Extraction and cDNA Generation. Lep-
tospiral cells at late-log phase contained in 30 mL EMJH
medium were collected by centrifugation (8,000 x g for 15
min) in RNase-free tubes and resulting pellet was resus-
pended in 1 mL Trizol reagent (Invitrogen), vortexed, and
incubated for 10 min at room temperature. After, 260 uL
chloroform was added; mixture was vigorously shaken and
incubated at room temperature for 10 min. Samples were cen-
trifuged at 12,000 x g for 15 min at 4°C for phase separation;
the aqueous phase was transferred to a new tube and 660
pL of isopropanol was added for nucleic acid precipitation,
performed at room temperature for 10 min. Then, tubes were
centrifuged (12,000 x g for 10 min, 4°C) and the resulting
pellet was washed with 1.35 mL of 75% ethanol, diluted in
RNase-free water, and recovered by centrifugation at 7,500 x g
for 5 min at 4°C. The supernatant was removed and the pellet
air dried for approximately 30 min and then resuspended in
44 uL of RNase-free water and incubation at 55°C for 10 min.
Residual DNA was eliminated by incubation with DNase I
(Invitrogen). Samples quality was accessed by BioSpectrom-
eter® basic (Eppendorf) quantification and visualization at
1% agarose gel. For obtaining leptospiral cDNA, the iScript
c¢DNA synthesis Kit (Biorad) was employed. Briefly, two uL
of total extract RNA was mixed with 4 uL of 5X iScript
reaction mix and 1 pL iScript RT to a final volume of 20
pL. Reactions were incubated at 25°C for 5 min, followed
by 45 min incubation at 42°C and then 5 min at 85°C
for inactivating the enzyme. A control lacking the reverse
transcriptase (RT-) was also employed to rule out genomic
DNA contamination in the samples.

2.5. Detection of Gene Transcripts by g-PCR. Messenger
RNAs (mRNAs) were indirectly verified by real-time PCR
c¢DNA amplification with specific primers to LIC13479 and
LIC10050 (Lsa46 and Lsa77 respectively) coding sequence.
RT-qPCRs were performed using the Applied Biosystems
7300 Real-Time PCR system equipment and SYBR green to
detect the synthesized dsDNAs. Standard curves were per-
formed in order to obtain the concentration and amplifi-
cation efficiency of the primers to be used. RT-qPCR was
performed in a reaction volume of 25 ul containing 25 ng
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of cDNA template, 300 nM each oligonucleotide (‘F* and
‘R), and 12.5 ul SYBR Green PCR Master Mix (Applied
Biosystems) as recommended by the manufacturer. All reac-
tions were performed in triplicate in 96-well optical plates.
Negative controls using all the reagents except the cDNA
were run in parallel (NTC, no template control), as RT-
samples. Cycling conditions were 50°C for 2 min, 95°C for
10 min, followed by 40 cycles of 95°C for 15 seconds, and
60°C for 30 s. Dissociation curves were obtained after each
reaction by heating the PCR products from 60 to 95°C,
in order to verify the specificity of reaction. The relative
gene expression among leptospiral was analyzed using the
comparative 2~**“T method and the 16S gene was used as the
internal control to normalize the gene expression.

2.6. Animal Immunization and Lethal Challenge Assays. Male
hamsters (6-8 weeks old) were immunized subcutaneously
with 300 yl emulsion volumes containing 50 ug of each
recombinant protein alone or with 25 ug of each combined,
mixed with 12.5% Alhydrogel (2% AI(OH)3) as adjuvant.
One booster injection was given after 2 weeks with the
same preparation of recombinant protein. In the negative
control group, hamsters were injected with PBS in 12.5%
Alhydrogel. Animals immunized with heat-killed whole-
leptospires (bacterin vaccine) were included as positive
control of survival. Hamsters were immunized with a dose
composed of 10° inactivated leptospires in 12.5% Alhydro-
gel on day 0 and 14. After immunization, animals were
challenged intraperitoneally with an inoculum containing
a total of 10* leptospires, previously defined by a survival
curve experiment [25]. Hamsters received water and food
ad libitum and were monitored daily for clinical signs of
leptospirosis and euthanized when clinical signs of terminal
disease appeared. Hamsters surviving on day 21 after chal-
lenge were euthanized. Hamsters in each group were bled
from the retro-orbital plexus after each immunization and the
sera stored. Two independent experiments were performed,
involving groups of 6-10 animals each. Animals that survived
lethal challenge were sacrificed and their kidneys removed
aseptically and then macerated and inoculated in EMJH
medium for bacterial growth monitoring.

2.7. Evaluation of the Humoral Immune Response. Sera of
immunized animals were analyzed by ELISA for antibody
titers determination: total IgG and its subclasses IgGl and
IgG2/1gG3. ELISA plates were coated with 250 ng of each
recombinant protein, and wells were blocked with PBS-
T containing 10% nonfat dry milk and incubated with
different dilutions of hamster sera, ranging from 1:200 to
1:409,600. Plates were washed and incubated either with
HRP-conjugated anti-hamster total IgG (1:5,000, Sigma),
anti-hamster IgGl, or anti-hamster IgG2/IgG3 (1:5,000,
Southern Biotechnology). The wells were washed three times,
and o-phenylenediamine (1 mg/ml) in citrate phosphate
buffer (pH 5.0) plus 1 ul/ml H,O, was added (100 ul per
well). The reaction was allowed to proceed for 10 min and
was interrupted by the addition of 50 ul of 2 M H,SO, to the
mixture. Readings were taken at 492 nm with a microplate
reader (Multiskan EX; Thermo Fisher Scientific, Helsinki,

Finland). The titer was considered the maximal dilution that
showed an OD492 nm value above 0.1.

2.8. Statistical Analysis. The statistical analysis was per-
formed using Graph Prism 5 (GraphPad Software). The Log-
rank (Mantel-Cox) test and Fisher’s exact test were used to
compare survival curves among experimental groups. The
statistical significance was considered to p-value <0.05.

2.9. Ethics Statement. All animal studies were approved by
the Ethical Committee for Animal Research of Instituto
Butantan and of School of Veterinary Medicine and Animal
Science, University of Sao Paulo, Sao Paulo, SP, Brazil, under
protocols 890/12 and 3158/13, respectively. The Committees in
Animal Research adopt the guidelines of the Brazilian College
of Animal Experimentation.

3. Results

3.1. Distribution of Lsa46 and Lsa77 among Leptospira Strains.
PCR analysis of the genes LIC13479 (Lsa46) and LIC10050
(Lsa77) identified their presence in five different L. interro-
gans serovars: Copenhageni, Canicola, Icterohaemorrhagiae,
Pomona, and Hardjo (Figure 1(a)). DNA fragments of both
genes were not amplified in the nonpathogenic strain L.
biflexa, and in the pathogenic species L. borgpetersenii serovar
Whitticombi, L. kirsheneri serovars Cynopteri and Grippo-
typhosa, and L. santarosai serovar Shermani. Only the gene
LIC13479 was detected in L. noguchii serovar Panama. Ampli-
fication of the 16S DNA was employed as DNA integrity con-
trol (Figure 1(a)). BLAST analysis confirmed that both coding
sequences exhibit 99 or 100% of identity with the five serovars
of L. interrogans experimentally tested (Table 1). However, in
silico amino acid sequence analysis showed that LIC13479
and LICI0050 are present with high percentage identity in
other pathogenic species: L. kirschneri serovars Cynopteri
and Grippotyphosa, L. santarosai serovar Shermani, and
L. noguchii serovar Panama. The data suggest that these
coding sequences exhibit a broader spectrum of conservation
among leptospiral pathogenic strains than the ones depicted
in Figure 1(a). Only 44-45% conservation was detected in
the saprophyte L. biflexa strain (Table 1). The discrepancy
of our data might be due to different bacterial isolates.
Nevertheless, the data point out that these proteins represent
potential targets worth to be tested in leptospiral challenge
assays.

3.2. Expression of Lsa46 and Lsa77 in L. Interrogans Sero-
var Copenhageni. To evaluate the expression of LIC13479
(Lsa46) and LIC10050 (Lsa77) genes in virulent L. interrogans
serovar Copenhageni strain FIOCRUZ L1-130 and culture-
attenuated L. interrogans strain M20, RT-qPCR experiments
were performed. The results show the presence of LIC13479
(Lsa46) and LIC10050 (Lsa77) transcripts in both strains
tested. The relative higher expression detected with both
transcripts in the virulent L1-130 compared to the culture-
attenuated M20 strain indicates that Lsa46 and Lsa77 may
have a role in leptospiral virulence (Figure 1(b)).
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TABLE 1: Protein conservation among strains of Leptospira.

Gene Protein given Strain Conservation %>
Locus' name
LIC13479 Lsa46 L. interrogans serovar Copenhageni 100
L. interrogans serovar Canicola 99
L. interrogans serovar Icterohaemorrhagiae 100
L. interrogans serovar Pomona 99
L. interrogans serovar Hardjo 100
L. kirschneri serovar Cynopteri 92
L. kirschneri serovar Grippotyphosa 92
L. santarosai serovar Shermani 77
L. noguchii serovar Panama 88
L. borgpetersenii serovar Hardjo-bovis 77
L.biflexa serovar Patoc 45
LIC10050 Lsa77 L. interrogans serovar Copenhageni 100
L. interrogans serovar Canicola 99
L. interrogans serovar Icterohaemorrhagiae 100
L. interrogans serovar Pomona 99
L. interrogans serovar Hardjo 99
L. kirschneri serovar Cynopteri 96
L. kirschneri serovar Grippotyphosa 95
L. santarosai serovar Shermani 89
L. noguchii serovar Panama 96
L. borgpetersenii serovar Hardjo-bovis 89
L.biflexa serovar Patoc 44

"http://aeg.ibi.ic.unicamp.br/world/lic/; LIC: Leptospira interrogans Copenhageni.
Zhttp://blast.ncbi.nlm.nih.gov/Blast.cgi/.
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FIGURE 1: Distribution and expression of LIC13479 and LIC10050 genes in Leptospira spp. (a) Genomic DNA from L. interrogans serovars:
Copenhageni (1), Canicola (2), Icterohaemorrhagiae (3), Pomona (4), Hardjo (5), L. borgpetersenii serovar Whitticombi (6), L. kirshneri
serovars Cynopteri (7) and Grippotyphosa (8), L. santarosai serovar Shermani (9), L. noguchii serovar Panama (10), and saprophytic species L.
biflexa serovar Patoc (11) were subjected to PCR analysis with specific primers. The integrity of the DNA used was determined by amplification
0f16S DNA. (b) Transcript levels of the LIC13479 and LIC10050 were determined by qRT-PCR in virulent L. interrogans serovar Copenhageni
strain FIOCRUZ L1-130 and culture-attenuated L. interrogans strain M20. The relative gene expression was calculated by 272" method after
normalization with 168S. Error bars show the mean + SD from three independent experiments performed in triplicate.
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FIGURE 2: Immune response induced by immunization with Lsa46. Hamsters were inoculated subcutaneously with Lsa46 combined with
12.5% Alum and booster was administered after two weeks. Immunized animals with PBS or bacterin were used as negative and positive
control, respectively. Animals were bled two weeks after each immunization and sera were used to determine antigen-specific total IgG
by ELISA (a) and IgGl and IgG2/3 (b). The IgG1/IgG2/3 ratios are shown in (c). Error bars show the mean + SD from two independent

experiments performed in triplicate. Representative data are shown.

3.3. Assessment of Humoral Immune Response Induced in
Hamsters Inoculated with Lsa46 Protein. To assess the anti-
body immune response elicited in hamsters by Lsa46 protein,
sera from animals subcutaneously immunized with Lsa46
were used in an indirect ELISA for total IgG measurements.
Animal serum samples were collected 2 weeks after each
immunization (15 and 30 days). The results refer to two
independent experiments (Figure 2). In both assays, immu-
nization with Lsa46 recombinant protein in Alum promoted
higher titers of total IgG compared to the ones induced by
bacterin (Figure 2(a)). To evaluate the polarity of the immune
response against Lsa46, antigen-specific IgGl and IgG2/3
subtypes responses were also measured. The results show
that the levels of both IgGl and IgG2/3 increased in the
sera of animals immunized with the Lsa46 (Figure 2(b)). The
IgG1:IgG2/3 ratio points to a mixed immune response, with a
higher trend for Th2 immune response pattern (Figure 2(c)).

3.4. Humoral Immune Response Induced by Lsa77 Protein
Administration in Hamsters. Likewise, indirect ELISA for

total IgG measurements was also performed to assess the
antibody immune response promoted in hamsters inoculated
with Lsa77. Animal serum samples were collected 2 weeks
after each immunization (15 and 30 days), and the results
present are from two independent experiments (Figure 3).
In both experiments, Lsa77 recombinant protein plus Alum
induced higher titers of total IgG compared to the ones
elicited by bacterin (Figure 3(a)). Similarly, we examined the
polarity of the immune response against Lsa77, measuring
antigen-specific IgGl and IgG2/3 subtypes. Contrary to the
results observed with Lsa46, immune response induced by
Lsa77 shows titer levels of IgG2/3 higher than IgGl in both
experiments (Figure 3(b)). The IgG1:IgG2/3 ratio points to a
Thl immune response (Figure 3(c)).

3.5. Evaluation of Antibody Response in Hamsters Immu-
nized with a Combination of Lsa77 and Lsa46 Proteins.
The diverse immune response trend elicited in hamsters
individually inoculated with Lsa46 or Lsa77 prompted us to
investigate what type of antibody response would result by
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FIGURE 3: Antibodies induced by immunization with Lsa77. Hamsters were immunized subcutaneously with Lsa77 combined with 12.5%
Alum and booster was administered after two weeks. Inoculated animals with PBS or bacterin were used as negative and positive control,
respectively. Animals were bled two weeks after each immunization and sera were utilized to determine antigen-specific total IgG (a) and
IgGl and IgG2/3 (b) response by ELISA. The IgG1/IgG2/3 ratios are shown in (c). Error bars show the mean + SD from two independent
experiments performed in triplicate. Representative data are shown.

administration of both proteins. Similarly as evaluated for
each protein, animal serum samples were collected 2 weeks
after each immunization (15 and 30 days), and an indirect
ELISA was used for total IgG measurements. We employed
Lsa46 as a coating protein, and Figures 4(a), 4(c), and 4(e)
illustrate the data of a representative experiment of two inde-
pendent performed experiments. Likewise, Lsa77 was used
as a coating protein and Figures 4(b), 4(d), and 4(e) show
the results of a representative experiment of two independent
performed experiments. Animals immunized with combined
Lsa46+Lsa77 in Alum also exhibited high levels of total
IgG, either using Lsa46 (Figure 4(a)) or Lsa77 (Figure 4(b)),
as a probe. The polarity of the immune response against
both proteins, measuring antigen-specific IgGl and IgG2/3
subtypes, shows higher titer levels of IgG2/3 than IgGl in
both experiments, either probing with Lsa46 (Figure 4(c))
or Lsa77 (Figure 4(d)). In both cases, the IgGl:IgG2/3 ratio
points to a Thl polarized immune response (Figure 4(e)).
Interestingly, the higher levels of IgG2/3 observed in serum
samples of animals immunized with both proteins sug-
gest that the presence of Lsa77 was capable of promoting
an immune modulation towards Thl, since immunization
with Lsa46 protein alone promoted higher titers of IgGl
(Figure 2(b)).

3.6. Immune Protection of Hamsters Induced by Lsa46 and
Lsa77 Recombinant Proteins in Leptospirosis Challenge Assays.
The protective efficacy of the Lsa46 and Lsa77 recombinant
proteins was evaluated in lethal challenge in two independent
experiments. At 28 days after i.p. inoculation, survival in
animals immunized with Lsa46/Alum exhibited 66% and
30% of protection in the first and second experiment, respec-
tively. The positive control group afforded 100% protection
in both experiments, while 0% and 20% survivors were
observed in the PBS-control group, in experiments 1 and 2,
respectively. The statistical analyses are presented in Table 2,
significance protection is observed only in the first exper-
iment. When the percentage of protection was calculated
using the total number of survivors of the two experiments,
44% of protection was afforded by Lsa46, versus 13% of
survivors in PBS-injected control animals (Figure 5(a) and
Table 2). Furthermore, renal colonization was observed in
the animals immunized with Lsa46 (Table 2), indicating that
immune protection was not sterilizing. Immunization with
Lsa77 recombinant protein conferred 50% survival in both
experiments. However, no statistically significant difference
was found when compared to PBS-control group (Table 3).
When the percentage of protection was calculated using
the total number of survivors of the two experiments, 50%
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FIGURE 4: Humoral immune response induced by immunization with the combined recombinant proteins. Hamsters were immunized
subcutaneously with Lsa46 and Lsa77 combined with 12.5% Alum; booster was administered after two weeks. PBS or bacterin immunized
animals were used as negative and positive control, respectively. Animals were bled two weeks after each immunization and sera were utilized
to determine Lsa46-specific total IgG, IgGl and IgG2/3 response ((a) and (c)) or Lsa77-specific response ((b) and (d)). The IgG1/1gG2/3 ratios
are shown in (e). Error bars show the mean + SD from two independent experiments performed in triplicate. Representative data are shown.

of protection was afforded by Lsa77, against 39% of sur-
vivors in PBS-injected control animals (Figure 5(b)). Animals
immunized with Lsa77 did not exhibit reduction in renal
colonization when compared to PBS-control group (Table 3).

To assess the protective capacity of the combined Lsa46
and Lsa77 recombinant proteins, animals were immunized
with 25g of each protein mixed with Alum. The results
obtained of two experiments reveals that Lsa46+Lsa77 group

afforded 100 and 90% survivors, in experiments 1 and 2,
respectively (Table 4), while 66 and 50% of animals survived
in the PBS-control group in the same experiments (Table 4).
Thus, the difference of about 40% in the survival of ani-
mals immunized with Lsa46+Lsa77 when compared to PBS-
injected group was not statistically significant (Figure 5(c)).
However, among the vaccinated survivors the number of
animals positive for the presence of leptospires in the



8 BioMed Research International
TABLE 2: Effect of immunization with Lsa46 recombinant protein in a hamster model.

Groups N’ Survivors / N°Survivors/Total % Total Renal Renal Renal %

Total Survival Culture Culture Culture Culture

Positive
Positive / Positive / Positive /
Total Total Total
Exp.1 Exp. 2 Exp.1 Exp. 2
PBS 0/6 2/10 2/16 13 - 2/2 2/2 100
Bacterin 6/6 10/10 16/16 100 0/6 0/10 0/16 0
Lsa46 + 4/6 3/10 7/16 44 3/4 3/3 6/7 85
Alum
p-value 0,03 0,5 0,056
The statistical analysis refers to Fisher’s exact test.*p-values <0,05 were considered statistically significant.
TaBLE 3: Effect of immunization with Lsa77 recombinant protein in a hamster model.

Groups N’ Survivors/ N°Survivors/Total % Total Renal Renal Renal %

Total Survival Culture Culture Culture Culture

Positive
Positive / Positive / Positive /
Total Total Total
Exp.1 Exp. 2 Exp.1 Exp. 2

PBS 2/10 5/8 718 39 2/2 0/5 2/7 28
Bacterin 10/10 6/6 16/16 100 0/10 0/6 0/16 0
Lsa77 + 5/10 4/8 9/18 50 4/5 0/4 4/9 44
Alum
p-value 0,17 0,5 0,36

The statistical analysis refers to Fisher’s exact test.*p-values <0,05 were considered statistically significant.

kidneys was lower than the control group (Table 4), indicat-
ing the potential of this formulation to eliminate leptospiral
colonization. Thus, the stimulated immune response by
Lsa46+Lsa77 combined formulation improved the animal
protection, but it was not enough to achieve a complete sterile
protection.

4. Discussion

Presently, the available vaccines against leptospirosis are
based on inactivated whole-cell or membrane preparation.
Although these vaccines provide full protection, they fail to
induce immune response memory and consequently require
annual vaccination. Further, these vaccines show high side-
effects and elicit a minor or no cross protection against
serovars not included in the preparation [4]. Therefore, the
development of cost-effective and safe vaccine, capable of
providing cross protection and long-lasting immunity is
needed. Leptospiral genome sequences availability allowed
the in silico analysis of sequences with potential for vaccine
development.

We have characterized Lsa46 and Lsa77 recombinant pro-
teins and show that they are laminin and plasminogen bind-
ing proteins, located at the leptospiral surface. Bioinformatics
analysis of the Lsa46 and Lsa77 coding sequences showed that
they are conserved in several pathogenic strains of Leptospira

[24]. In this work, we have completed the description of these
proteins and examined their potential to induce humoral and
protective immune response in hamsters.

PCR analysis confirms the genomic conservation among
L. interrogans serovars. Furthermore, analysis by qPCR
indicates that the genes are more expressed in virulent L.
interrogans L1-130 than culture-attenuated M20 strains. Gen-
erally, conserved proteins containing multiple B and T-cell
epitopes are pivotal for the development of broad-spectrum
vaccine. Indeed, Lsa46 and Lsa77 proteins showed a strong
immunogenicity in hamsters, resulting in the production of
high levels of antibodies. Hamster serum raised against each
recombinant protein was able to recognize the homologous
protein and demonstrate cross-reaction against the others,
possibly due to the presence of OmpA-like domain (data not
shown). Serum cross-reactivity has been observed with the
LIC10507, LIC10508, and LIC10509 outer membrane proteins
from Leptospira [26]. Despite these interesting features [26—-
28] their immune protective capacity has never been investi-
gated.

The most studied and promising candidates to date are
the leptospiral immunoglobulin-like (Lig) proteins. It has
been reported that Lig proteins are localized to the bacterial
surface and considered major antigens recognized during the
acute host infection [29]. The immune protective activity of
LigA and LigB of L. interrogans serovar Manila against a



BioMed Research International 9
100 u 100 u
80 80 -
= —_
Z g
5 60 o T 60 -
5 5
k=1 A = =
§ 404 & * 5 40
s 5
A -9
20 H 20 -
0 T T T T T T 1 O T T T T T T 1
0 3 6 9 12 15 18 21 0 3 6 9 12 15 18 21
Days Days
® PBS @® PBS
B Bacterin M Bacterin
A Lsad6+Alum A Lsa77+Alum
(a) (b)
100 a
80
=
2z 60
= .
E °
]
3 40
o)
[=W
20 A
O T T T T T 1
0 3 6 12 15 18 21
Days
—-@- PBS
—- Bacterin

—A— Lsa46+Lsa77

(©)

FIGURE 5: Protective effect induced by immunization with Lsa46 and Lsa77. Animals were immunized subcutaneously with Lsa46 (a), Lsa77
(b), or combined Lsa46 and Lsa77 (c) with 12.5% Alum; booster was administered after two weeks. Inoculated animals with PBS or bacterin
were used as negative and positive control, respectively. Two weeks after the second immunization, animals were challenged intraperitoneally
with 1x10* L. interrogans serovar Kennewicki strain Pomona Fromm. After challenge, hamsters were monitored for 21 days. Two independent
experiments were performed and pictures represent the data of experiments 1 and 2. Rates of survival were compared using log-rank and

Fisher’s exact test. P-value < 0,05 was considered significant.

challenge with a homologous serovar in C3H/HeJ mice was
reported [17]. The protective capacity of LigA has also been
shown either by recombinant protein or as DNA vaccine
against challenge in hamsters [18, 30, 31]. Oral immunization
with E. coli expressing lipidated LigA showed protection in
hamsters challenge [21]. However, in all cases mentioned,
protection afforded by LigA was not sterilizing. However,
Lucas and colleagues [32] have demonstrated that although
LigA protein eliciting antibody responses, hamsters were
not protected against infection. Due to its low conservation
among pathogenic Leptospira species, LigA is not considered
a good antigen candidate for the development of a broad-
spectrum vaccine [33]. Immunogenicity and protective effi-
cacy of recombinant LigB in a hamster challenge model have

been shown [20, 34]. Immunization with a DNA vaccine
encoding LigB (amino acids 131 to 645) elicited 62.5% (5/8)
protection of hamsters and conferred sterilizing immunity in
80% of the surviving hamsters [35]. Lately, it has been shown
that rLigB (131-645)/in Alum has the capacity to promote full
protection against lethal challenge in the hamster model of
acute leptospirosis. Moreover, this antigen conferred sterile
immunity in survival animals [16].

Immunoprotective capacity of recombinant LigA and
LigB proteins has been recently revisited, and conflicting data
were achieved [15]. They showed that hamsters immunized
with recombinant LigA 7’-13 afforded animal protection
from death but not against infection, while administration
with LigB 0-7 conferred only partial animal protection and
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TABLE 4: Effect of immunization with Lsa46+Lsa77 recombinant proteins in a hamster model.

Groups N’ Survivors/ N°Survivors/ % Total Renal Renal Renal %

Total Total Culture Culture Culture Culture

Positive
Survival Positive / Positive / Positive /
Total Total Total
Exp.1 Exp. 2 Exp.1 Exp. 2

PBS 4/6 3/6 7/12 58 2/4 3/3 5/7 71
Bacterin 6/6 6/6 12/12 100 0/6 0/6 0/12 0
Lsa46 + 6/6 5/6 11/12 90 2/6 3/5 5/11 45
Lsa77 /
Alum
p-value= 0,22 0,27 0,07

The statistical analysis refers to Fisher’s exact test.*p-values <0,05 were considered statistically significant.

was positive for renal colonization. Hamsters immunized
with a combination of both afforded 100% protection but
did not confer sterilizing immunity. Thus, it seems that
although promising, more investigation is needed before
vaccine development with Lig proteins could be established.

The protective role of Lsa46 and Lsa77 proteins when
individually evaluated in hamster model showed that each
protein afforded partial protection and failed to elicit bacte-
rial clearance in the kidneys. Similar results were obtained
when other recombinant proteins were administered in
hamsters, including the Lsa66 OmpA-like domain protein [11,
36]. OmpA-like domain is similar to OmpA outer membrane
protein from E. coli and other Gram-negative bacteria. OmpA
is conserved across different species and seems to be involved
in many functions, which suggests it has an important
functional role in bacteria [37-39]. Furthermore, the OmpA
protein of several pathogens has been considered as poten-
tial vaccine candidates [40-42]. In Leptospira, in addition
to Lsa66 protein, another three OmpA-like proteins were
assayed as vaccine candidates for leptospirosis. However,
these proteins failed to promote sterilizing immunity [11, 43].

The protective effect of immunization with Lsa46 and
Lsa77 seems to be synergistic, since an increased level of pro-
tection with reduced kidney bacterial burden was observed
when compared to animals immunized with either Lsa46
or Lsa77 alone. The data, however, were not statistically
significant, due to the high survival rate detected in control
animals. Similar results are reported in the literature, with
survival rate in control animals ranging from 13 to 75%
[18, 44-47]. However, survival animals in control group did
not exhibit renal clearance, contrasting with Lsa46 plus Lsa77
immunized group.

In fact, it seems that there is a synergistic effect when
recombinant proteins are used in combination. The protective
efficacy of rLpl454/rLpll18/rMcell combined proteins has
been observed in several vaccine approaches [47-49]. The use
of multicomponent vaccine is important not only to enhance
efficacy, but also to promote cross protection against several
serovars of Leptospira. Recently, a chimeric protein contain-
ing combined epitopes from OmpLl, LipL32, and LipL21
proteins was constructed and promising results were reported

[50]. Accordingly, stimulating data have also been observed
with another chimeric protein containing sequences of the
LigA, Mce, Lsa45, OmpLl, and LipL41 proteins. The immu-
nization with this chimeric protein plus MPLA adjuvant
promoted higher titers of total IgG and IgG2/3 isotypes.
In addition, sterilizing immunity was obtained in most
immunized hamsters [25].

The immune response observed in the Lsa46+Lsa77-
immunized group was similar to that found in the chimeric
protein, showing a tendency towards a Thl pattern. Even
though the IgG subtypes in hamster are still not clear,
some studies have showed that increased IgG2 antibodies is
associated with the development of a Thl response [51-53]. It
was reported that type 1 response was necessary to prevent
leptospiral renal colonization in cattle vaccinated with L.
borgpetersenii serovar Hardjo infection [54, 55]. In this work,
although the splenic lymphocyte proliferation and cytokine
production have not been examined, in mouse model both
proteins were able to induce Thl cytokines, suggesting an
ability to activate a cellular immune response [24].

Cell-mediated immunity is known to play an important
role in control or clearance of infections with viruses and
intracellular bacteria. However, IFN-y produced by Thl cells
may also have a role in protection against extracellular
microbes through its ability to activate macrophages and pro-
mote production of IgG2 classes of antibodies. In vivo, IFN-
y was required for nitric oxide production by macrophages
against Candida albicans, an extracellular opportunistic
pathogen [56]. Perhaps, antigens that are able to activate
this branch of immune system are interesting targets for
development of an effective vaccine against leptospirosis.

In conclusion, we characterized the capacity of Lsa46
and Lsa77 proteins to induce immune protection in hamsters
against lethal infection. Although, these proteins individually
were able to confer partial protection, survived hamsters
presented renal carriage. A better performance was observed
when both proteins were administered, with an increase rate
of survival and a decrease of bacterial burden, though the data
were not statistically significant. The use of new adjuvants
or delivery vehicles should improve the immune protective
potential of these proteins. Importantly, the present work
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demonstrates that the use of combined proteins may lead
to the development of a vaccine capable of generating wide
protection against pathogenic Leptospira.
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