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Abstract

Neisseria meningitidis(N. meningitidis) is a serious bacterial pathogen that causes life-threatening invasive bacterial infections especially
in children below 2 years of age, teenagers and young adults. We have investigated the protective potential of outer membrane vesicles
(OMVs) and detoxified lipooligosaccharide (dLOS) obtained from Brazilian prevalentN. meningitidisserogroup B strains. Swiss mice
were immunized with different combinations of OMV and dLOS fromN. meningitidisserogroup B strains compared to a reference vaccine
(VA-MENGOC-BC®, Cuba). The OMVs+ dLOS from Brazilian prevalent strains induced higher bactericidal antibody titers against
homologous and heterologous target strains and stronger inhibition of thrombocytopenia as compared to the reference vaccine. When
the challenge was performed with the B strain, all immunogens tested showed similar survival rates (80%) significantly higher than the
control group. Bacterial clearance against the group B strain was comparable for animals immunized with the tested immunogen and the
reference vaccine. Inclusion of dLOS from the B strain with the OMV, induced a similar clearance of C strain bacteria as compared to
VA-MENGOC-BC®. The immunogens, as well as the reference vaccine drastically inhibited increases in TNF-� and IL-6 plasma levels
after challenge. In conclusion, the OMV/dLOS formulation obtained from Brazilian prevalent strains ofN. meningitidishas a remarkable
performance protecting mice against the lethal effects of meningococcal challenge showing a good potential as a vaccine and should be
considered for clinical evaluation.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

Neisseria meningitidis(N. meningitidis) is a serious bac-
terial pathogen that infects only humans. It causes life-
threatening invasive infections especially in children below 2
years of age, teenagers and young adults. Systemic meningo-
coccal disease (MD) presents various clinical syndromes
ranging from meningitis, fulminant septicemia with septic
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shock, multiple organ failure and death to benign meningo-
coccemia. When characterized by widespread purpuric rash,
sepsis and shock, the disease is associated with mortality
rates up to 40%[1,2].

The MD remains a world wide health problem. In de-
veloping countries infections caused byN. meningitidis
serogroup B has resulted in 35,000 deaths per year. MD in
Brazil has been a public health problem since serogroup
A and C epidemics occurred in the 1970s. From 1990
to 2000, the annual MD incidence in Brazil ranged from
1 to 3 per 100,000 inhabitants. Serogroup B presently
accounts for 60% of clinical isolates from meningococ-
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cal infections, followed by 40% due to serogroup C
[3,4].

During logarithmic growth,N. meningitidisliberates high
amounts of lipooligosaccharide (LOS) in outer membrane
vesicles (OMVs) known as “blebs”. The pathogenic role of
OMVs, in plasma and cerebrospinal fluid has become in-
creasingly evident. Active LOS in the bloodstream is be-
lieved to be the main pro-inflammatory factor produced by
N. meningitidis. In severe MD, activation of complex cell and
plasma factors occur with the release of pro-inflammatory
cytokines (TNF-�, IL-1�, IL-6 and IL-8) from macrophages
and other inflammatory cells[2,5].

The most important mechanism that confers protection
against serogroup A and C is complement-mediated lysis
induced by bactericidal antibody chiefly against the capsular
polysaccharide[6,7]. By contrast, the serogroup B polysac-
charide is poorly immunogenic and fails to generate bacteri-
cidal antibodies. The serogroup B polysaccharide is an alpha
2–8 linked sialic acid, structurally the same as sialic acid
polymers found on human embryonal and new-born brain
tissue[5]. Due to the poor immunogenicity of serogroup B
polysaccharide, most efforts to develop effective vaccines
have focused on the major outer membrane proteins and LOS
as alternative immunogens. Proteins induced by iron limita-
tion are also studied as vaccine candidates, despite the fact
that they show type specificity in relation to the induction
of bactericidal antibodies[8–11]. However, the responses to
OMP vaccines, in young children, may be strain specific. It
has been reported that the dose schedule may be important
in both vaccine response and induction of cross-protective
antibodies. The OMV based vaccines must contain some
small amount of native membrane bound LOS in relation to
protein to maintain its membrane structure. The use of detox-
ified lipooligosaccharide (dLOS) in a vaccine in combina-
tion with detergent treated OMVs was suggested to induce
increased bactericidal antibodies and vaccine specificity
[12].

Vaccines being developed againstN. meningitidis
serogroup B based on such surface components, have the
problem of endotoxicity, low immunogenicity, serosubtype
specificity and lack of good animal models for vaccine
protection studies. However, OMVs treated with sodium
deoxycholate (DOC) have about 300 times reduced LOS
endotoxicity compared to purified LOS, making them safe
as vaccine candidates[5].

In a hyperferremic mouse model of infection, DOC
treated OMV and dLOS obtained from Brazilian prevalent
N. meningitidisserogroup B strains, were compared to a
reference vaccine (VA-MENGOC-BC®). The protective po-
tential of the immunogens was evaluated by the induction
of bactericidal antibodies and by mortality rates following
meningococcal challenge, the ability to clear bacteria in
immunized animals and quantification of cytokines that are
important in the pathogenesis of sepsis, including TNF-�,
IL-6, KC (IL-8) and IL-10, were studied in immunized
mice after challenge as additional parameters of protec-

tion. Platelet counts were also determined as an important
parameter in the evolution of MD.

2. Material and methods

Bacterial strains:N. meningitidis, strains N44/89 (B:4,
7:P1.19,15:P5.5,7:L1,3,7,8), N603/95 (B:4:P1,7,1:P5.5,7:
L3,7), N1002/90 (C:2b:P1.3,6:P5,8: L2,3,7,8) and Cu385
(B:4:P1,7,1:P5.5,5c) were provided by Adolfo Lutz Insti-
tute, São Paulo, SP, Brazil.

2.1. Growth conditions

To obtain OMVs, the strains were grown over night on
Agar Müeller Hinton (AMH) + 1% bovine serum albu-
min (BSA), 36.5◦C/16 h/CO2 and transferred to incom-
plete Catlin medium in a series of two 4 h subcultures
(36.5◦C, 120 rpm). The second 4 h culture was used to
inoculate a 20 l fermenter (Bio Flow IV, New Brunswick
Scientific Co. Inc., Edison, NJ) containing 15 l of com-
plete Catlin medium (20�M Fe + 42�M ethylenedi-
amino di-o-hydroxyphenylacetic acid (EDDHA) (Sigma),
36.5◦C/16 h [2]. The cells were concentrated from the
fermenter by tangential microfiltration (Minisette System,
Pall BioPharmaceuticals, Membrane Type OMEGA 0.3�m
open channel). The N44/89 and N1002/90 strains used in
the challenge test, were grown overnight on AMH+ 1%
BSA 36.5◦C/16 h/CO2 and transferred to Trypitic Soy
Broth + 30�M EDDHA in a 5 h culture. The cells were
pelleted by centrifugation (10,000× g, 10 min) [13,14].

2.2. Preparation of OMV

The OMVs from meningoococcal strains N44/89 and
N603/95 were DOC-extracted. In addition to the major
OMPs of classes 1–5, the OMVs contain iron-regulated
proteins (60–90 kDa), small amounts of less characterized
membrane proteins and LOS (20–50 EU/�g protein). The
residual endotoxin was determined by Gel-clot assay with la-
beled sensitivity of 0.125 from Endosafe® (SINGLE-TEST
vial for endotoxin detection). The LOS depleted OMVs
were obtained from the cells by ultrasonic treatment, using
2% (w/v) sodium DOC and purified by ultracentrifugation
on to a 60% sucrose bed. The OMVs were kept at−70◦C
until formulation[15,16].

2.3. Isolation and detoxification of LOS

LOS was obtained from N44/89 OMVs after DOC treat-
ment as described by Tsai et al.[7]. In brief, LOS from
strain N44/89 was isolated by two successive extractions
using 40 mM Tris–HCl, pH 8.5, containing 1% DOC and
4 mM EDTA. The extracted LOS was further purified on
Sephacryl HR S-300 with 0.5% DOC and precipitated at
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−20◦C with 4 vol. ethanol and 0.25 M NaCl. The purified
LOS was detoxified (dLOS) with 0.25N NaOH at a final
concentration of 75�g/ml and incubated in a water bath at
60◦C/60 min. After detoxification, the samples were imme-
diately neutralized with 0.25N HCl and their concentration
adjusted to 25�g/ml with pyrogen-free water[7].

Protein profile of OMVs by SDS-PAGE eletrophoresis:
OMV proteins were analyzed on 12% polyacrylamide gels,
electrophoresed in the presence of 2% (w/v) SDS. After elec-
trophoresis, proteins were stained by 0.1% (w/v) Coomasie
Brilliant Blue staining[17,18].

2.4. Immunogen preparation

The LOS depleted OMVs fromN. menigitidisserogroup
B prevalent strains, N44/89 and N603/95 were mixed in a
ratio 1:1 in relation to protein content and 1:0.5 with dLOS
(N44/89) + 650�g of Al (OH)3 and VA-MENGOC-BC®

vaccine was diluted 10 times to immunize the mice. The
Cuban vaccine is composed of protein antigens from
Cu385 B strain (100± 20�g/ml), polysaccharide from C
strain (100± 20�g/ml), aluminum hydroxide (4 mg/ml)
and thimerosal (1 g/10,000 ml). The formulations tested
were prepared as follows. Group 1: 5�g of total pro-
tein (2.5�g N44/89 + 2.5�g N603/95) + 2.5�g dLOS
(N44/89) + 650�g Al(OH)3/dose; Group 2: 5�g of to-
tal protein (2.5�g N44/89 + 2.5�g N603/95) + 650�g
Al(OH)3/dose; Group 3: reference vaccine (VA-MENGOC-
BC®) diluted 1/10 (human dose is 25�g protein); Group 4:
2.5�g dLOS(N44/89) + 650�g Al(OH)3/dose and Group
5: PBS+ 650�g Al(OH)3/dose.

2.5. Animals and immunization

Swiss female mice weighing 12–20 g were obtained from
Oswaldo Cruz Foundation breeding unit (Rio de Janeiro,
Brazil) and caged with free access to food and fresh water
in a room with temperature ranging from 22 to 24◦C and a
12 h light/dark cycle in the Bio-Manguinhos experimental
animal facility until used. The experimental protocol was
performed according to Colégio Brasileiro Experimentação
Animal (COBEA) and approved by the Fundação Oswaldo
Cruz ethical committee for animal experimentation. Five
groups of 12 mice were immunized intraperitoneally (i.p.)
with three doses at 0, 14 and 28 days. The animals were
bled before the first, second and third dose and 1 month
after the last immunization.

2.6. N. menigitidis group B infection

The hyperferremic mouse model forN. menigitidisgroup
B infection for immunogen protection evaluation and bac-
teremia assay was performed as previously described[3].
In brief, 1 month after the last immunization mice from
each group were challenged withN. menigitidis group

B most prevalent (N44/89,(5–10) × 106 cfu/0.5 ml) or
group C (N1002/90,(3–5) × 106 cfu/0.5 ml) strains. For
each suspension, mice were infected in the presence of
iron–dextran (9 mg/mouse, i.p.). Control group was injected
with PBS. 12 h after challenge, the animals were bled and
the blood was collected into a 3.4% sodium citrate solution
for bacteremia evaluation. A 10-fold dilution was made
and the bacterial counts were performed on AMH agar
containing 1% BSA and Vancomicin, Nistatin and Colistin
(VCN/Oxoid). For immunogen protection evaluation, mice
were bled before (T0), and 3 and 24 h (T3 and T24) after
bacterial challenge. Blood samples were used for platelet
counts, evaluation of plasma cytokines and determination
of bactericidal antibody titers. To establish the survival rate,
groups of mice were followed for 72 h.

2.7. Bactericidal assay

Two-fold dilutions of sera were tested with an inoculum
of 50–70 cfu per well of log phase meningococci grown on
Triptic Soy Agar (TSA)[19]. Serum obtained from male
guinea pigs was used as the source of complement (free of
bactericidal antibodies toN. meningitidisserogroup B). The
assay was carried out at 37◦C for 30 min, and 150�l of TSA
with 2% BSA was added to each well. Quantitative cultures
were performed at time 0 and 30 min later by the tilt method
in duplicate. The bactericidal antibody titers were expressed
as log2 of the final dilution that gives at least 50% killing of
the inoculum[19].

2.8. LOS ELISA

Determination of antibodies to meningococcal LOS was
done by ELISA using purified LOS from N44/89 strain as a
coating antigen. The assay was performed as described by
Rosenqvist et al.[20].

2.9. Platelet counts

Analysis were performed at different time points afterN.
meningitidisadministration. Samples were collected from
blood and diluted (600×) in formalin solution (125�l of
37% formaldehyde+ 20 ml of PBS solution) and platelet
counts were performed in Neubauer chamber under optical
microscopy[21,22].

2.10. Cytokine analysis

Plasma samples were obtained by cardiac puncture from
anesthetized animals (Ketalar-Parke Davis, i.p.), and main-
tained at −70◦C, until the cytokine serum levels were
evaluated by sandwich ELISA. The levels of TNF-� were
detected using the DuoSet ELISA Development Kit from
R&D Systems (San Diego, CA, USA) according to instruc-
tions provided by the manufacturer. For IL-6, IL-10 and
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KC measurements, antibody pairs (capture and detection
antibody) and recombinant mouse cytokine standards were
obtained from BD-Pharmingen (San Diego, CA, USA) and
the ELISA was performed according the manufacturer’s
instructions.

2.11. Statistical analysis

Data were evaluated by Multifactorial Analysis of Vari-
ance (LSD test), with 95% of confidence level.

3. Results

As shown inFig. 1, the OMVs from Brazilian strains fully
expressed IRPs and Classes 1, 3, 4 and 5 proteins. Although,
the OMVs from Cuban vaccine was obtained from Cu385
strain in the same growth conditions, utilized to obtain the
experimental Brazilian immunogens, the protein profile of
the Cu385 OMVs showed less IRPs and Class 5 proteins
expression than either of the two other strains.

The co-administration ofN. meningitidisand iron–dextran
was able to induce lethal sepsis in mice (Fig. 2). Animals
vaccinated using OMVs+ dLOS or the reference vaccine
(VA-MENGOC-BC®) and challenged withN. meningitidis
serogroup B, showed statistically significant increase in the
survival rate (80% survival rate) when compared to the
non-vaccinated control group. Animals that received OMVs
or dLOS alone failed to show significant increase in the sur-
vival rates. In non-protected animals, the majority of deaths
occurred within 24–48 h and the animals became very ill, ex-
hibiting extreme lethargy, tachypnea, piloerection and closed
eyes.

Fig. 1. Protein profile (10�g/slot) of OMVs obtained from fermenter after
16 h cultures of Cuban vaccinal strain Cu385; Brazilian vaccinal strains
N44/89 and N603/95. SDS-PAGE electrophoresis in a 12% gel stained
by Coomassie Brilliant Blue.
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Fig. 2. Effect of immunogens on survival rates of mice challenged with
N. meningitidisserogroup B (N44/89). The results are presented as av-
erage survival rates of 12 animals per data point. Significant differences
(P < 0.05) from non-immunized PBS control mice are indicated by an
asterisk. Reference vaccine (VA-MENGOC-BC®).

Mice immunized with OMVs+ dLOS or PBS were
bled 12 h after challenge withN. meningitidisserogroup
B strain (N44/89). As shown inFig. 3, leukocytes (mostly
neutrophils) from non-immunized mice (A) were not able
to control infection and cells dying full of bacteria in their
cytoplasm as well as free bacteria in the peritoneal fluid
were observed. In contrast, cells from OMVs+ dLOS vac-
cinated animals with (B) were capable of efficiently kill the
N. meningitidisand only sparse bacteria inside intact leuko-
cytes were seen. Accordingly, the colony forming units
count in the blood showed that non-vaccinated animals
as well as those that received only dLOS as immunogen,
were not capable of controlling bacteremia progression.
Mice immunized with OMVs, OMVs+ dLOS or with
VA-MENGOC-BC® presented similar bacterial clearance
efficiency 12 h after challenge with theN. meningitidis
group B strain. Considering bacteremia evolution and pro-
tection rates against the B strain, the Brazilian complete
preparation and the reference vaccine performed equally. In
addition, usingN. meningitidisgroup C strain (N1002/90)
as challenge, the preparation formulated with antigens from
a Brazilian prevalent group B strain (OMV+ dLOS) in-
duced total bacteria clearance within 12 h of challenge. The
reference vaccine also showed efficacy on C strain clearance
since it contains the group C meningococcal polysaccharide
from C strain combined with OMVs from B strain Cu385
(Table 1).

The co-administration ofN. meningitidis+ iron–dextran
was able to induce an acute increase in plasmatic levels
of TNF-�, IL-6 and KC that were maximal within 3–24 h
after infection (Table 2). Animals vaccinated with either
OMVs + dLOS or the reference preparation drastically in-
hibited the increase in plasma levels of TNF-�, IL-6 and
KC during the course of infection (Table 2). The values
obtained for IL-10 in plasma of vaccinated animals, during
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Fig. 3. Peritoneal cytosmear of non-immunized (A) or immunized (OMV+ dLos) mice (B) 12 h after challenge withN. menigitidisB strain (N44/89).
Peritoneal cavities were washed with 5 ml PBS. Leukocytes were stained by May Grunwald Giensa method.

Table 1
Bacteremia evaluation withN. meningitidishomologous and heterologous strains

Vaccines N44/89 (group B) (challenge
population (5–10)× 106 cfu/0.5 ml)

N1002/90 (group C) (challenge
population (3–5)× 106 cfu/0.5 ml)

OMVs 1 × 102 to 1.5 × 104 cfu/0.5 ml (2.5–3.5)× 105 cfu/0.5 ml
dLOS >1× 106 cfu/0.5 ml (1.0–4.0)× 105 cfu/0.5 ml
OMV + dLOS 1× 103 to 2.4 × 104 cfu/0.5 ml No growth
Vamengoc BC 1× 102 to 4.0 × 104 cfu/0.5 ml No growth
PBS 2.5× 106 cfu/0.5 ml 1.6× 106 cfu/0.5 ml

The bacteria counts were performed 12 h after challenge.

Table 2
Effect of vaccination on mice plasma cytokine levels (ng/ml) after challenge withN. meningitidisserogroup B strain

Plasma cytokinesa (ng/ml) Immunogen

Non-immunized
mice

Immunized mice with Brazilian
antigens (OMVs+ dLOS)

Immunized mice with reference
vaccine (VA-MENGOC-BC®)

TNF-�
0 h 0.00± 0.00 0.00± 0.00 0.01± 0.01
3 h 0.92± 0.15 0.26± 0.17∗ 0.35 ± 0.11∗

24 h 1.41± 0.58 0.16± 0.14∗ 0.03 ± 0.03∗

IL-6
0 h 0.10± 0.10 1.46± 0.89 0.00± 0.00
3 h 270.75± 26.09 3.75± 1.44∗ 12.80± 2.37∗

24 h 228.25± 3.76 10.80± 1.31∗ 31.78± 17.67∗

KC
0 h 0.01± 0.01 0.06± 0.03 0.14± 0.10
3 h 29.95± 12.07 0.47± 0.25∗ 3.93 ± 3.40∗

24 h 52.76± 14.05 0.07± 0.07∗ 0.01 ± 0.00∗

IL-10
0 h 0.03± 0.03 0.05± 0.05 0.00± 0.00
3 h 0.05± 0.03 0.01± 0.01 0.00± 0.00

24 h 1.61± 1.41 0.07± 0.04 0.05± 0.03

OMVs + dLOS− 5�g (2.5�g N44/89+ 2.5�g N603/95)+ 2.5�g dLOS (N44/89)+ 650�g/dose. VA-MENGOC-BC® − diluted 1/10.
a Values are means± standard error from at least five animals per group.
∗ Significant differences (P < 0.05) from non-immunized mice.
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Fig. 4. Bactericidal antibodies induced by different antigen preparations
with homologous N44/89 (A) and heterologous N1002/90 (B) as target
strains.

the period of evaluations, were not statistically different
from the non-vaccinated and challenged animals.

In order to evaluate the functional antibodies induced
by the experimental antigens, five pooled sera were evalu-
ated in bactericidal assay using N44/89 as homologous and
N1002/90 as heterologous target strains. As seen inFig. 4A,
the titers induced by OMVs alone and OMVs+ dLOS, were
the same against N44/89. However, both had statistically
higher bactericidal titers than that induced by the reference
vaccine. The bactericidal activity, of mice antibodies, ob-
served against N1002/90 strain was higher in animals that
received OMVs+ dLOS (Fig. 4B), than in animals immu-
nized with OMVs alone or VA-MENGOC-BC®. These re-
sults are in accordance to the enhanced C strain clearance
capacity observed in the blood of these animals 12 h after
challenge suggesting that dLOS may increase cross reac-
tivity within different serogroups ofN. meningitidis.Both
groups B and C strains have the same L3,7 LOS immuno-
type. The animals that received only OMVs or the control
group did not show bactericidal activity against N1002/90
strain.

As shown inFig. 5, vaccination with OMVs+ dLOS
significantly inhibitedN. meningitidis-induced thrombocy-
topenia within 3 and 24 h. Interestingly, VA-MENGOC-BC®

failed to inhibit the observed thrombocytopenia. Animals
immunized only with dLOS also showed a trend towards

Fig. 5. Effect of immunogens on thrombocytopenia induced byN. menin-
gitidis. The results presented were calculated based on normal platelets
counts of non-infected mice (mean of at least 10 animals). Significant
differences (P < 0.05) from non-immunized mice are indicated by an
asterisk.

Fig. 6. dLOS antibody levels (ELISA) of mice immunized with different
immunogens. Significant differences (P < 0.05) from non-immunized
mice are indicated by an asterisk.

thrombocytopenia inhibition that was not significant com-
pared to non-immunized animals.

Anti-LOS specific antibodies were measured by ELISA
(Fig. 6). The animals that received the formulation contain-
ing OMVs from Brazilian prevalent strains with and with-
out dLOS, 60 days after the last immunization, showed the
highest antibody levels. The values obtained were statisti-
cally higher compared to the reference vaccine, dLOS alone
and PBS.

4. Discussion

To design a Brazilian vaccine, the protein antigens were
selected from two most prevalent B strains considering that
the different IRPs, Classes 1 and 5 proteins should have
increased the immunogen protective potential. The N44/89
B strain was chosen as the source of dLOS because its
immunotypes (L1,3,7,8) included the immunotypes from
N603/95 (L3,7).
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According to the results presented in this study, noncap-
sular antigens fromN. meningitidisserogroup B Brazilian
prevalent strains induce protective antibodies against both
groups B and C strains. Endotoxin release from the cell wall
is thought to play an important role in the pathophysiology
of N. meningitidisinfection [23,24]. The lethality of MD
is partially dependent of bacterial viability, but is also due
to the over production of host cytokines after macrophage
interaction with LOS and other cell envelop components.
Though no animal model has been entirely adequate to re-
produce MD as observed in humans, the noncapsular im-
munogens strongly suppressed cytokine induction following
bacterial challenge[25].

Overproduction of host inflammatory mediators induced
by infectious organisms and their products cause the pe-
ripheral cellular alterations that occur in sepsis and septic
shock. The production of TNF-� and other endogenous me-
diators leads to several pathophysiological events including
fever, leukopenia, thrombocitopenia, multiple organs failure
and death. TNF-� together with IL-1 have been considered
major endogenous mediators of sepsis and their interactions
with target cells including macrophages, increase their cy-
totoxic capacity and induce the release of other pro- and
anti-inflammatory cytokines[26–28]. Among the cytokines
released during the development of sepsis, IL-6 has a cen-
tral role as a marker for severity of the disease. Similarly,
increased levels of other cytokine such as IL-8 have been
observed in serum and cerebrospinal fluid from patients with
meningococcal disease. The IL-8 serum levels were corre-
lated with IL-6 and TNF-� levels and highest values were
detected in patients with septic shock[23,28,29].

The experimental murine sepsis model that we used
resembles the septic form of infectious disease in hu-
mans, where serum concentrations of TNF-�, IL-1�, IL-6
and IL-8 sharply increase as septic shock develops[15].
Our results showed that, during the course of infection,
the circulating levels of pro-inflammatory cytokines were
increased similar to that observed in MD. Moreover, in
protected animals we observed a drastic reduction in both
serum levels of TNF-�, IL-6 and KC (the murine homo-
logue of human IL-8). It has been previously demonstrated
that TNF-� neutralization decreases IL-6, KC and IL-10
production suggesting that TNF-� plays a key role in the
positive loop of cytokine production[20,27,30]. The de-
crease of TNF-�, IL-6 and KC production observed in the
immunized mice might have contributed to the increase in
LOS resistance we found. The increased animal survival
after challenge and the enhanced bacterial clearance capac-
ity observed in protected mice, are likely due to the good
vaccine potential of experimental immunogens. In addition,
a synergic effect with the decreased responsiveness of host
macrophages caused by the neutralization of LOS by spe-
cific antibodies and the down regulation of inflammatory
cytokines production during the immunization procedures
may also have contributed to the protective effect of these
immunogens.

The bactericidal activity of antibodies induced by
outer-membrane proteins ofN. meningitidisserogroup B,
was shown to be directed mainly against Por A, Class 5
and iron-regulated proteins (IRPs). These proteins have
been described as principal targets for antibodies induced
by meningococcal infection or vaccination[31–33]. Use of
dLOS in combination with DOC treated OMVs appear to
induce bactericidal antibodies and broaden vaccine speci-
ficity. These effects may be enhanced with the adjuvant
effect of LOS stimulating Th1 and consequently the produc-
tion of IgG 2 in mice[34–36]. Expressed proteins from two
Brazilian strains may have induced higher bactericidal an-
tibodies against homologous B strain, in animals that were
immunized by OMVs or OMVs+ dLOS. The common
OMV residual LOS (L1,3,7,8) may also have contributed to
the increase of bactericidal titers in mice that had received
the experimental vaccines. It is in accordance to Steeghs
et al., who studied the role of lipopolisaccharide (LPS) in
immune response of outer membrane complexes fromN.
meningitidis[37]. They showed that LPS could direct the
subclass of IgG towards to IgG 2a, IgG 2b and IgG 3, which
have strong bactericidal activity.

Despite the fact that Brazilian most prevalent strain
(N44/89) and Cuban vaccine strain (Cu385) belong to the
same serotype, different OMV protein profile used in ex-
perimental vaccine may have induced different bactericidal
antibody response. The OMV characteristic protein profile
is related not only to the bacteria strain, but also to methods
of cultivation and antigen purification[38,39]. The possi-
bility of lower expression of Class 5 protein in OMVs from
Cu385 may have explained the lower bactericidal titers
against homologous strain. However, the titers decrease
observed in animals immunized with Cuban vaccine may
not have been enough to decrease its protection ability. The
higher amount of aluminum hydroxide, in experimental
vaccines may have increased Th2 response inducing IgG1
antibodies which do not have strong bactericidal activity
[40]. Our results suggest that the Brazilian antigen combi-
nation may have increased the immune response specificity.

Previous studies in Swiss mice, showed that VAMEN-
GOC-BC® induced lower functional antibody levels against
vaccine homologous strain compared to experimental Brazil-
ian OMV vaccines[19]. The cross-reactivity observed be-
tween serogroups B and C observed in mice that received
OMVs + dLOS, is likely related to the common LOS within
strains and dLOS inclusion as a vaccine component. It is
clearly defined that the toxicity and adjuvant activity of LPS
is determined by Lipid A but the intensity of its biological
activity seems to be related to the integrity of the chemi-
cal structure. Alkali-hydrolyzed meningococcal LPS, which
might have incomplete Lipid A structure retained adjuvant
potential although shown reduced toxicity[24,37,41].

Controlling C strain bacteremia evolution after challenge,
the Brazilian antigens from B strain performed as good
as Cuban vaccine, which has C polysaccharide as vaccinal
component. The cross-protection induced by experimental B
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vaccine was confirmed by higher bactericidal titers against
C heterologous strain, compared to Cuban vaccine.

Disseminated intravascular coagulation (DIC), is a fre-
quent and serious complication in meningococcal sepsis.
Coagulation activation, as well as, platelet activation and ag-
gregation all contribute to the pathogenesis of DIC[42]. We
observed an intense thrombocytopenia in non-vaccinated
animals challenged by B strain ofN. meningitidis. Inter-
estingly, animals vaccinated with the Brazilian prevalent
N. meningitidisstrain based OMVs+ dLOS formulation
showed a significant decrease ofN. meningitidis-induced
thrombocytopenia, under conditions where the reference
vaccine (VA-MENGOC-BC®) failed to have an effect. At
the challenge, which occurred 30 days after the last dose,
the presence of dLOS together with OMVs in Brazilian
vaccine may have played an important role in the induction
of enough LOS specific antibodies to decrease the platelet
aggregation and thrombocytopenia. This could have caused
beneficial effect on survival rates in mice immunized with
this preparation. Due to the relevance of DIC for the MD
outcome, the protection induced by OMVs+ dLOS vac-
cine formulation could provide additional clinical benefit.
These results suggest that the combination of antigens is
necessary to obtain efficient protection.

In conclusion, the experimental murine meningococcal
sepsis model used here resembles the disease in humans,
and inclusion of measurement of sepsis markers to evaluate
immunogens protective effects, provided valuable additional
information. Our results demonstrated that the OMVs/dLOS
formulation obtained from Brazilian prevalent strains ofN.
meningitidisserogroup B had a good performance in pro-
tecting mice against the lethal effects of bacterial challenge
and could be a promising vaccine in the prevention of MD
in Brazil.
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