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The presently licensed meningococcal vaccine is a tetravalent capsular polysaccharide vaccine that induces
immunity to serogroups A, C, Y, and W-135 but not to group B, which causes nearly half of the meningitis cases
in the United States. The purpose of this study was to evaluate the safety and immunogenicity of an intranasal
native outer membrane vesicle (NOMV) vaccine prepared from a capsule negative strain of group B of Neisseria
meningitidis. In this study all volunteers received the same dose of vaccine, but we evaluated two different
immunization schedules and the oropharyngeal and intranasal routes of vaccine delivery, assessed nasal
cytology for cellular infiltration, and measured antibody-secreting cells (enzyme-linked immunospot assay
[ELISPOT]) as an early marker for systemic immune response. Additionally, both intranasal and serum
vaccine-specific antibodies were measured as well as serum bactericidal activity. Four groups with a total of 42
subjects were immunized on days 0, 28, and 56. Group 3 received an additional dose on day 7. Group 2 subjects
were immunized both intranasally and oropharyngeally. Group 4 received a different lot of vaccine. All groups
received approximately 1,200 �g of vaccine per subject. Patients were evaluated for side effects. The vaccine was
well tolerated without evidence of inflammation on nasal cytology. The group receiving the extra vaccine dose
showed the maximum increase in bactericidal activity. Thirty of 42 subjects demonstrated an increase in
meningococcus-specific intranasal immunoglobulin A (IgA) titers, while 23 of 42 demonstrated an increase in
specific IgG titers. The group receiving vaccine intranasally and oropharyngeally showed the highest rise in
intranasal titers for both IgA and IgG. Groups 1, 3, and 4 showed a significant increase in antibody-secreting
cells on ELISPOT. Eighteen of 42 volunteers demonstrated a fourfold or greater rise in bactericidal titers, with
81% showing an increase over baseline. We have demonstrated the immunogenicity and safety of a group B
lipopolysaccharide-containing, intranasal, NOMV vaccine.

Meningitis and septicemia from Neisseria meningitidis con-
tinue to represent a major worldwide threat. In the United
States 2,500 to 3,000 cases of meningococcal disease occur
each year. This is associated with significant morbidity, with up
to 19% of survivors being left with neurologic sequelae (3).
Most of the outbreaks in the United States are caused by
serogroups B, C, and Y, with the predominance of cases oc-
curring in young adults and infants. Multistate surveillance
conducted between 1992 and 1996 reported 35% serogroup C
cases, 32% B cases, and 26% Y cases (12). Serogroup C is
responsible for the majority of cases in the adolescent popu-
lation, whereas cases in infants less than 1 year old are more
often due to group B.

Presently licensed vaccines are available to immunize
against serogroups A, C, Y, and W-135. Unfortunately, a li-
censed vaccine is not available against group B meningococci.
The difficulties in developing a group B vaccine have included
the lack of immunogenicity of the purified capsular polysac-
charide (10, 17). Attempts at improving the immunogenicity
have included noncovalent complexing and covalent conjugat-
ing of the polysaccharide to proteins. Zollinger et al. demon-
strated transient increases in specific immunoglobulin M (IgM)

antibodies after noncovalent complexing, but these antibodies
were not bactericidal with human complement (18). The co-
valent conjugate vaccines using unmodified B capsular poly-
saccharide did not yield any better results and were basically
not protective or immunogenic in animals. Chemically modi-
fied B polysaccharide conjugated to recombinant meningococ-
cal PorB is immunogenic in animals and induces a relatively
high-quality antibody response, including IgG antibodies that
are bactericidal with homologous complement, but safety and
immunogenicity in humans have not been demonstrated (6).

The approach shifted to developing lipopolysaccharide
(LPS)-depleted outer membrane protein (OMP) vaccines be-
cause of the demonstration of bactericidal antibodies against
both LPS and OMP in human sera following group B carriage
(9). Meningococcal group B vaccine trials of parenteral vac-
cines demonstrated that vaccines based on OMPs can induce
protective antibody responses. Several trials conducted in
Cuba, Brazil, and Europe have demonstrated efficacy in the
range of 50 to 80% (1, 4, 15). Similar findings were reported for
a Chilean trial showing 51% efficacy (2).

Another novel approach to developing a group B vaccine
came from using the naturally occurring outer membrane blebs
known as native outer membrane vesicles (NOMV). The pre-
viously studied LPS-depleted OMP vaccines had been modi-
fied and possibly exposed epitopes which induced high levels of
nonbactericidal antibody. The NOMV contain unmodified
OMPs in a natural lipid environment so that important
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epitopes may be presented to the immune system in a native
conformation and environment. Additionally, such formula-
tions were administered intranasally in order to prevent pyro-
genic reactions while mimicking nasopharyngeal colonization
by wild-type strains. Drabick et al. demonstrated the successful
induction of bactericidal antibodies against PorA and L3,7,9
LPS in humans by using an intranasal NOMV vaccine (5). The
latter trial used two different doses of vaccine all delivered
intranasally. The authors measured systemic response with
bactericidal assays and enzyme-linked immunosorbent assays
(ELISA) and did not assay cellular changes in the nose.

The purpose of our study was to (i) use a fixed dose of
vaccine but study two different immunization schedules, (ii)
compare both intranasal and oropharyngeal routes of immu-
nization, (iii) evaluate systemic immunogenicity using ELI-
SPOT to measure trafficking antibody-secreting cells while as-
sessing nasal cellular response by performing cytologic analysis
on nasal secretions, (iv) compare the effectiveness of a new lot
of NOMV vaccine derived from the same strain as lot no. 0123,
and (v) corroborate the safety and degree of immunogenicity
noted in the previous NOMV trial, which was performed with
a small number of volunteers.

MATERIALS AND METHODS

Volunteer characteristics. Forty-four subjects, 21 men and 23 women, were
recruited from the Washington, D.C., area. Forty-two volunteers completed the
study. One male volunteer dropped out from the study at the outset, and one
other did not return after receiving the day 28 vaccination (second dose). The
dropouts were not due to any vaccine-associated adverse outcome but for per-
sonal reasons. The ages of the participants ranged from 21 to 47 years with a
median age of 36 years. The exclusion criteria included (i) history of severe
organ-system disease, (ii) history of allergy to any vaccine, (iii) history of allergic
or nonallergic rhinitis or chronic sinusitis, (iv) presence of clinically significant
abnormalities on screening laboratory tests, (v) use of any nasal spray, including
over-the-counter preparations, on a regular basis, (vi) fever greater than 38°C or
upper respiratory tract infection (i.e., common cold) on the day of immunization,
(vii) human immunodeficiency virus seropositivity or any other immunosuppres-
sive state, (viii) pregnancy (positive serum �-human chorionic gonadotropin
(�-HCG) on the day prior to each immunization), (ix) prior receipt of any group
B meningococcal OMP vaccine or vaccines with meningococcal OMP, (x) high
levels of baseline bactericidal antibodies on screening (�1:16), and (xi) naso-
pharyngeal carriage of meningococcus at the time of screening. Volunteers were
not excluded based on having received the licensed meningococcal tetravalent
polysaccharide vaccine. Prior to inclusion in the study, all volunteers had screen-
ing complete blood count, serum chemistry profile, liver function tests, human
immunodeficiency virus antibody, and group B meningococcal bactericidal titers.
A nasopharyngeal swab for culture was performed on days 0, 14, 28, 42, 56, 70,
and 98 in order to assess for meningococcal colonization. One day prior to each
immunization, women had a �-HCG pregnancy test. The study was conducted at
the Walter Reed Army Institute of Research, which follows Good Clinical
Practices guidelines. Informed consent was obtained from all volunteers, and the
protocol was approved by both the U.S. Food and Drug Administration (BB-
IND 6993) and the local institutional review boards.

Vaccine description. Vaccine lot no. 0123 was produced in March 1995 and lot
no. 0471 was produced in September 1997 under current good manufacturing
practice conditions at the Walter Reed Army Institute of Research in the Forest
Glen Pilot Vaccine Production Facility (Forest Glen, Md.). The intranasal vac-
cines used in this study were from a seed strain derived from N. meningitidis 9162
(B:15:P1.3), which was a clinical isolate from a patient in Iquique, Chile. The
parent strain was genetically modified by partially deleting synX. The latter is
essential for biosynthesis of sialic acid, which is required for sialylation of the
LPS and capsule formation. Thus, the above modification resulted in a capsule
negative strain, 9162 synX-negative, with nonsialylated LPS.

The vaccine consisted of NOMV. These were extracted from strain 9162
synX-negative without the use of detergents or denaturing agents. The basic
method of preparing the NOMV vaccine has been described elsewhere (13, 16,
19). Briefly, previously frozen cells grown under iron-limiting conditions were

thawed and suspended in Tris-buffered saline with 0.01 M EDTA at a pH of 7.5.
The suspension was warmed to 56°C for 30 min, sheared in a blender (Waring,
Inc., New Hartford, Conn.) for 3 min, and centrifuged to remove cells and debris.
The supernatant was removed and ultracentrifuged to harvest the NOMV, which
were washed in distilled water. The ratio of protein to LPS in the NOMV was
about 4:1 (wt/vol). The vaccines were bottled in sterile normal saline without
preservative at the following concentrations: lot no. 0123, 0.8 mg of protein/ml;
and lot no. 0471, 1.0 mg of protein/ml. Vaccines were stored at 5°C prior to use.
Both lots of vaccine were previously tested intranasally with animals without any
pyrogenic effects, and lot no. 0123 was previously studied with 32 healthy vol-
unteers without any significant side effects or febrile reactions (5). All lots passed
sterility testing.

Study design. Subjects were randomized into one of four groups in a manner
to ensure gender equality among all groups. Groups 1 and 4 consisted of 12
volunteers each (one dropout from groups 1 and 4), while groups 2 and 3 had 10.
Each group received a total dose of 1,248 �g of vaccine, except group 4, which
received 1,200 �g, due to the difference in stock concentration of lot no. 0471 and
the fixed volume delivered by the pump. Groups 1 to 3 received lot no. 0123,
while group 4 received lot no. 0471. Group 2 was immunized both intranasally
and oropharyngeally and group 3 received an extra dose on day 7 but maintained
the same total dose (1,248 �g) as all other groups (Table 1).

All intranasal vaccines were delivered using a fixed-volume atomized sprayer
(Valois of America, Greenwich, Conn.) which delivered 100 �l (group 4) or 130
�l (groups 1 to 3). A different volume sprayer was used for group 4, since the
concentration of lot no. 0471 was different from the concentration of lot no. 0123
used for groups 1 to 3. The volume of vaccine given was approximately 0.5 ml
(four sprays at 130 �l each) for groups 1 to 3 and 0.4 ml (four sprays at 100 �l
each) for group 4. The vaccine to be used for group 3 was diluted with 3 ml of
sterile saline per vial to give a concentration of 0.6 mg of protein/ml in order to
adjust for the extra day 7 dose. This insured that the total dose remained the
same for group 3 (1,248 �g). The oropharyngeal immunizations were performed
using a pump sprayer which also delivered 130 �l. The intranasal immunization
was performed with the subjects’ heads tilted forward prior to spraying and then
tilted backward after receiving the vaccine. All immunizations were delivered by
the investigators using the same delivery technique. To ensure the accuracy of
volume delivery, the vaccine spray bottles were weighed before and after each
immunization.

Nasal cytology. Before the study and 5 days after each immunization, nasal
secretions from beneath the inferior turbinate were collected using a disposable
plastic scoop (Rhinoprobe; Synbiotics, San Diego, Calif.) for cytologic examina-
tion under direct visualization. The procedure involved collecting the specimen
(mucus) from beneath the inferior turbinates. The specimen was transferred to
a glass microscope slide, fixed, and stained using methodology described by
Hansel (8). Slides were examined initially under low power (magnification,
�100) and were then graded by evaluating 10 fields at high power (oil immer-
sion; �1,000). Cell counts (eosinophils, mononuclear cells, and polymorphonu-
clear cells) were expressed in a semiquantitative fashion using a scale previously
described (Alfredo Jalowayski, 1991, A practical guide for diagnostic nasal cy-
tology, p. 1–8, Synbiotics Corp., San Diego, Calif.): no cells, 0; few scattered cells
or small clumps, 1�; moderate number of cells and larger clumps, 2�; many
cells, easily seen, do not cover entire field, 3�; larger number, covering entire
field, 4�.

Nasal and serum antibody determinations. IgA, IgM, and IgG ELISA with
nasal and serum samples were performed with the NOMV vaccine as the solid-
phase antigen. Serum specimens were drawn on days 0, 14, 28, 42, 56, 70, and 98.

TABLE 1. Study designa,b

Group
Dose/immu-

nization
(�g)

Schedule

1 416 � 40 3 IN immunizations on days 0, 28, and 56 with
NOMV lot no. 0123

2 416 � 40 3 IN/OP immunizations on days 0, 28, and 56 with
NOMV lot no. 0123

3 312 � 30 4 IN immunizations on days 0, 7, 28, and 56 with
NOMV lot no. 0123

4 400 � 40 3 IN immunizations at days 0, 28, and 56 with
NOMV lot no. 0471

a IN, intranasal; OP, oropharyngeal.
b Vaccination schedule, route of delivery, and dose per day of immunization

for the four study groups are shown.
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Serum antibody titers were measured in micrograms per milliliter, whereas the
nasal secretion titers were normalized by dividing the vaccine-specific responses
by the total isotype measured in the sample. The total IgG, IgM, and IgA in the
secretions were also measured using an ELISA. The assay was performed as
previously described except that protease inhibitors (aprotinin, 1 �g/ml; leupep-
tin, 10 �g/ml; Bestain, 3.25 �M; and Pefabloc, 0.2 mM) were added to the nasal
wash fluid at the time of specimen collection (14). Nasal washes were obtained
by having the volunteer hyperextend the neck with the glottis closed and by
instilling 5 ml of normal saline into each nostril via pipette. The 10 ml of fluid was
held for 10 s and was then forcibly expelled from the nares into a clean container.
The secretions were aliquoted into a sterile cryogenic tube and frozen. The
procedure was performed on each volunteer three times during the course of the
study on days 0, 42, and 98.

ELISPOT. An ELISPOT assay was performed on days 0, 7, 35, and 63 as
previously described (13). Samples were collected in Vacutainer CPT tubes
(Becton Dickinson, Franklin Lakes, N.J.) which were centrifuged, and the mono-
nuclear cell layer was collected. The cells were washed twice with Dulbecco’s
phosphate-buffered saline (Life Technologies, Rockville, Md.) and suspended in
cell culture medium (RPMI 1640 with 10% fetal bovine serum, gentamicin, and
L-glutamine). Peripheral blood mononuclear cells were enumerated using a
Coulter Counter, and the cell concentration was adjusted to 2.5 � 106 cells/ml.
Cells were plated out in NOMV-coated 96-well microtiter plates at 100 �l/well
and were incubated at 37°C for at least 3 h. The plates were washed four times,
and the wells were filled with goat anti-human IgG, IgA, or IgM alkaline phos-
phatase conjugate. The plate contents were incubated overnight at room tem-
perature and washed, and 100 �l of 5-bromo-4-chloro-3-indolylphosphate sub-
strate in soft agar was added to each well. After overnight incubation at room
temperature, the blue spots in the agar were counted and data were expressed as
the number of spots per million cells.

Bactericidal assay. Bactericidal assays were performed using the following
wild-type clinical isolates from a group B epidemic in Chile: 9162 (B:15:P1.7-2,
3P:5.10,11:L3,7,9) and 8532 (B:15:P1.7-2,3:P5.10,11:L3,7,8,9). The two strains
are closely related except for L8 LPS in strain 8532. The assays were performed
as previously described (11). Briefly, 50 �l of test serum was mixed with 25 �l of
bacterial suspension (containing viable organisms) and 25 �l of human comple-
ment (human serum without bactericidal activity against the test strain). Serial
twofold dilutions of the test sera were treated similarly. All the mixtures were
incubated and plated onto GC medium plus Kellog supplement agar. The fol-
lowing day a colony count was performed and the percentage of bacteria killed
was computed by comparing the heat-inactivated complement control (zero kill
control) to the test mixture. Serum samples were obtained on days 0, 14, 28, 42,
56, 70, and 98. The serum dilution yielding 50% killing was reported as the titer.
Seroconversion was defined as a fourfold increase in titer.

Adverse reactions. Reactogenicity to immunization was monitored at 1, 24,
and 48 h after each vaccine by assessing volunteer symptoms and vital signs and
by giving a physical exam. Additionally, the volunteers were given symptom
diaries to be completed for the first 48 h. They were instructed to record any
symptoms and to measure a temperature reading if they felt febrile. Reported
reactions were graded according to severity on a scale of 1 to 4 with 1� signifying
barely noticeable symptoms (minimal), 2� signifying noticeable symptoms that
did not impair normal activities (mild), 3� signifying symptoms severe enough to
impair normal activities (moderate), and 4� signifying life-threatening symp-
toms (severe).

Statistics. For each group, changes in titer values over the entire study period
were examined using Friedman’s test, with pairwise comparisons made using the
Wilcoxon signed-rank test. For comparisons between two time points, differences
were considered statistically significant if the Bonferroni-adjusted P values were
�0.05. Differences in the maximum changes in titers from the baseline were
explored between groups with the Wilcoxon rank sum test. Data were analyzed
using Statistical Package for the Social Sciences for Windows (version 10; SPSS
Inc., Chicago, Ill.).

RESULTS

The vaccine was well tolerated as summarized in Table 2.
Two patients reported transient fevers of 99.7 and 100°F, re-
spectively. The following grade 3 symptoms were self reported:
four subjects were tired, two had headaches, and one had nasal
stuffiness. All of the symptoms were self limiting and resolved
within 48 h; no one over the last year and a half has reported
any long-term, adverse reactions. Two subjects developed

short-lived illnesses which did not appear to be vaccine related.
One developed a 30-s episode of wheezing 20 h after receiving
an immunization. During a 24-h follow-up examination, no
abnormal findings were noted. The remainder of the study was
uneventful for this volunteer. The second participant devel-
oped bronchitis-pneumonia diagnosed by her primary care
physician. This occurred 3 weeks after an immunization and
therefore was very unlikely to be vaccine related. However, her
last vaccine was not administered due to the underlying illness
at the time of the third dose. Two weeks later, she reported
resolution of all symptoms. All reported reactions did not
predictably correlate with the immunizations, and none of the
reactions were reproducible in any given volunteer.

The nasal cytology is presented in Table 3 and reveals sparse
cellularity on the majority of smears. Of the 168 smears, 31 had
positive findings, and of these, 19 were 1� (few scattered
cells), 9 were 2� (moderate cells), and 3 were 3� (many cells).

Nasal wash ELISA data revealed an increase in titer over
baseline for IgG and IgA in 23 of 42 (55%) and 30 of 42 (71%)
volunteers, respectively. However, only 10 of 42 (4 in group 1,
4 in group 2, and 2 in group 4) had at least a twofold rise in IgG
titers, while 14 of 42 (5 in group 1, 5 in group 2, 2 in group 3,
and 2 in group 4) demonstrated a similar increase in IgA.
Figure 1a and b show the mean intranasal IgG and IgA titers
by group. Group 2 had the largest increase at day 42 in both
isotypes (IgA, 12.2; IgG, 10.9). Groups 1 and 2 had a statisti-
cally significant increase over baseline for IgA on day 42 (P �
0.027), while only group 1 had such an increase on day 98 (P �
0.034). Nasal IgG revealed statistical significance only on day
42 for groups 1 and 2. Group 3 had an increase in IgA from 4.6
to 7.0, although this did not reach statistical significance. Nei-
ther group 3 nor 4 demonstrated a significant increase in either
isotype on days 42 and 98.

The total serum antibody levels measured by ELISA did not
show a significant increase over preimmunization levels. A few
individuals demonstrated a transient increase in serum titer,
but this was not sustained over the course of the trial.

The antibody-secreting cells counted for each group and

TABLE 2. Reactogenicity to NOMV vaccinea,b

Symptom

No. of patients with subjective complaints and grade
of complaint (X � 42) after dose:

1 2 3
4

(group 3
only)

1� 2� 3� 4� 1� 2� 3� 4� 1� 2� 3� 4� 1� 2� 3� 4�

Fatigue 4 4 4 4 1 1 1 1
Headache 2 4 2 2 1 1 3
Muscle aches 3 1 1 1 1
Runny nose 4 2 1 1 2 1
Nasal discharge;

stuffiness
2 1 2 1 4 1

Sore throat 1 1 1 1
Cough 2 1 1 1 1
Nasal sting-burn 1
Nasal itch 2
Nosebleed
Postnasal drip 1 4

a One patient had a 99.7°F fever after dose 1. One patient had a 100°F fever
after dose 2.

b Shown are reported side effects per dosing day for all 42 volunteers. The
scoring system is described in “Adverse reactions.”
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isotype are shown in Table 4. IgA-secreting lymphocytes in-
creased significantly on day 7 for groups 1, 3, and 4 (P � 0.037).
On day 35 the increase in IgA cells was statistically significant
for groups 1 and 3 (P � 0.024). On day 63 none of the groups
showed statistical significance for IgA. The IgG assay revealed
a significant increase on day 7 for groups 1 and 4 (P � 0.025),
on day 35 for groups 1, 3, and 4 (P � 0.037), and on day 63 for

group 1 (P � 0.036). The IgM antibody-secreting cells were
statistically significant only for group 1 on day 7 (P � 0.027).

The peak serum bactericidal activity per volunteer against
strains 9162 and 8532 is shown in Fig. 2. The seroconversion
(�4-fold increase) rate ranged from 18 to 50% against strain
8532 and 18 to 40% against strain 9162. However, the conver-
sion rate with either strain ranged from 27 to 70%. The highest
number of seroconversions was seen in group 3, with 7 of 10
reacting to one strain or the other. Fifteen of 42 volunteers had
a twofold increase in bactericidal titers against strain 9162,
while 6 of 42 demonstrated an increase in bactericidal killing
but did not reach a 50% kill rate. Similar analysis against strain
8532 yielded 15 of 42 volunteers with a twofold increase and 8
of 42 with a detectable increase in killing but less than the 50%
killing threshold. The increase for group 2 and group 3 bacte-
ricidal antibody over time against strain 9162 was statistically
significant (P � 0.006 and P � 0.005 for each group, respec-
tively). However, against strain 8532, only the increase over
time by group 3 was significant (P � 0.03). The maximum
increase in titer against strain 8532, when comparing groups,
was significantly higher in group 3 than in group 2 (P � 0.029).
The comparisons of maximal change with the other groups did
not reach statistical significance.

DISCUSSION

The mechanisms producing infection secondary to Neisseria
meningitis involve upper respiratory tract invasion, transgres-
sion into the bloodstream, and potential seeding of the menin-
ges. Although abnormalities in serum bactericidal activity have
definitely been associated with an increased risk of disease, the
correlation of protection with mucosal secretory antibody is
less clear. Some have postulated that secretory antibody may
provide protection by preventing epithelial attachment of the
organism. Therefore, due to poor efficacy of the parenteral
group B vaccines, development shifted to mimicking natural
exposure and immunizing intranasally in hopes of inducing not
only serum bactericidal activity but also local secretory anti-

TABLE 3. Summary of nasal cytologya

Day that smear was
obtained and

group no.

No. of volunteers and semiquan-
titative cell count for:

Polymorpho-
nuclear cells Eosinophils Monocytes

Day 0
1 1 (1�) 1 (1�)
2
3 1 (1�)
4 1 (1�)

Day 7
1
2 4 (1�, 1�, 2�, 3�) (1�)
3 1 (1�) 1 (1�)
4 1 (2�) 2 (2�, 2�)

Day 14
3 (only) 2 (1�, 2�)

Day 35
1 1 (1�)
2 1 (1�)
3 1 (1�)
4 1 (3�) 1 (1�)

Day 63
1 2 (1�, 1�)
2 1 (1�) 1 (1�)
3 2 (1�, 2�)
4 3 (2�, 2�, 3�) 1 (2�)

a Cell counts are given in parentheses. Shown are nasal cytology results from
nasal smears performed on all volunteers. Scores are given according to the
semiquantitative criteria described in text.

FIG. 1. (a) Intranasal NOMV-specific IgG antibody titer normalized to the total IgG measured in the nasal secretion specimen. The asterisk
indicates statistical significance; P � 0.05. (b) Intranasal NOMV-specific IgA antibody titer normalized to the total IgA measured in the nasal
secretion specimen. The asterisk indicates statistical significance; P � 0.05. Interquartile ranges and maximum and minimum excluding outliers are
shown.
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body. A previous trial performed by our group using an
NOMV vaccine used 160 �g (total dose of 480 �g) and 416 �g
(total dose of 1,248 �g) of vaccine per dose. The data showed
a slightly better bactericidal response with the higher dose. In
our study we chose to fix the total dose at approximately 1,200
�g and study two dosing schedules, two routes of administra-
tion (oropharyngeal and intranasal), and two additional assays
(ELISPOT and nasal cytology) to assess immunogenicity. Ad-
ditionally, we wanted to corroborate the findings of the original
trial with additional volunteers, since only 32 were studied by
Drabick et al. (5).

In this phase 1 trial we demonstrated the safety of mucosal
immunization with a NOMV formulation containing up to
25% LPS relative to protein. The vaccine was well tolerated
with only minimal complaints (Table 2), which were not repro-
ducible from dose to dose. There were no 4� symptoms. Our
data did not show any significant cellular infiltration on nasal
cytology. This suggests that the vaccine did not induce a de-
tectable nasal inflammatory response. These findings, along
with only two self-limiting, low-grade fevers, suggest that an
LPS-containing vaccine can be safely administered mucosally
without inducing pyrogenic side effects.

The increase in secretory IgA and IgG levels reached statis-
tical significance for groups 1 and 2. Group 3 did have a slight
increase in titer, although not statistically significant, and
group 4 was essentially unchanged. The magnitude of the re-
sponse in the first group was similar to that seen in our previ-
ous study. The higher levels noted in group 2 could be due to
the fact that this group received the vaccine both intranasally
and oropharyngeally. The increased mucosal exposure may
have resulted in a higher level of response. Individuals in group
4 had higher baseline titers, which may account for their lack of
response. The absence of a booster response was reported by
Haneberg et al. (7). They postulated that the immune response

to mucosally delivered antigen could be negatively affected by
preexisting antibodies.

The poor total serum antibody levels found in this trial are
consistent with our previous findings. The mucosal vaccine
does seem to increase total IgG levels in certain individuals,
but the increases are not sustained. These findings could be
due to the lack of an adjuvant. Even though the total antibody
levels did not change, some level of bactericidal killing was
evident in most volunteers. Therefore, the low level of anti-
body that was formed systemically was of good functional qual-
ity.

The ELISPOT data corroborate the findings of the bacteri-
cidal assay in that a significant systemic effect was noted by the
marked increase in vaccine-specific antibody secreting lympho-
cytes after nasal immunization. Many of the volunteers who
had an increase in the ELISPOT also are the ones who dem-
onstrated positive findings on the bactericidal testing. The
study by Haneberg et al. showed discordant specificity of the
IgA antibody between serum and secretions, suggesting the
independent functioning of the mucosal and systemic immune
systems (7). However, based on the ELISPOT, serum bacteri-
cidal, and secretory antibody data, it is evident that mucosally
presented antigen results in lymphocyte trafficking between the
mucosal and systemic immune systems, thus inducing both
local and serum immunogenicity.

The functional bactericidal response against two similar
strains of N. meningitidis was not as high as in our previous
study (60 to 70% seroconverted with a fourfold increase in
titer) (5). One explanation could be that vaccine lot no. 0123
had some degradation over time and that the new lot tested
was not identical to the old lot. The recent data by Fischer et
al. showed a seroconversion rate of 26% (against strain B:15:
P1.7,16), similar to what we have reported (18 to 40% against
homologous vaccine strain) in this study (M. Fischer, J. Holst,
I. S. Aaberge, E. A. Hoiby, I. L. Haugen, J. L. Burns, B. A.
Perkins, and B. Haneberg, Abstr. 12th Int. Pathog. Neisseria

FIG. 2. Percentage of volunteers per group who mounted a �4-
fold increase in bactericidal antibody titer from baseline when sera
were assayed against bacterial strains 9162 and 8532. Group 3 showed
statistical significance (P � 0.029) when the maximal increase in bac-
tericidal titer over the baseline was compared between groups.

TABLE 4. Serum ELISPOT

Group Day of test
Median (range) of spots/106 PBMCa for:

IgA IgG IgM

1 0 0 (0–1) 0 (0–3) 0 (0–1)
7 6 (0–163) 10.5 (0–127) 2 (0–47)

35 10 (0–93) 15.5 (0–61) 0.5 (0–29)
63 2 (0–48) 13.5 (0–28) 0 (0–6)

2 0 0 (0–35) 0 (0–6) 0 (0–1)
7 2.5 (0–101) 1 (0–146) 0 (0–0)

35 1.5 (0–30) 1.5 (0–40) 0.5 (0–2)
63 0.5 (0–10) 2.0 (0–7) 0 (0–4)

3 0 0 (0–1) 0 (0–1) 0 (0–0)
7 8.5 (0–46) 10.5 (0–72) 0 (0–0)

35 9 (0–15) 4 (0–12) 0 (0–4)
63 1 (0–4) 1 (0–6) 0 (0–0)

4 0 0 (0–6) 0 (0–2) 0 (0–0)
7 4 (0–39) 3 (0–25) 0 (0–6)

35 3 (0–13) 3 (0–54) 0 (0–9)
63 1 (0–26) 1.5 (0–74) 0.5 (0–8)

a PBMC, peripheral blood mononuclear cells. Shown are the median and
range of antibody-secreting cells for IgA, IgG, and IgM, measured using an
ELISPOT for the four groups. Values represent the number of spots counted per
106 peripheral blood mononuclear cells.
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Conf., abstr. 113, 2000). Even though the seroconversion rate
was as low as 18%, there were additional volunteers who had
an increase in bactericidal titer, albeit less than fourfold. This
suggests that the vaccine was immunogenic in a large propor-
tion of individuals and that, with vaccine modifications such as
adding an adjuvant, these individuals could be seroconverted.
The highest-responding group was 3. These individuals re-
ceived an extra dose of vaccine on day 7, thus suggesting that
a closer dosing interval may confer better immunogenicity
when a vaccine is mucosally delivered. This finding was cor-
roborated by the two Norwegian studies performed with intra-
nasal vaccines, where the investigators reported higher sero-
conversion rates in the first trial with weekly immunization
than in the second study, where vaccine was delivered at a
6-week interval (Fischer et al., Abstr. 12th Int. Pathog. Neisse-
ria Conf., 2000).

Although we have noted many similarities and some differ-
ences in results between our trial and the two studies with the
Norwegian vaccine, it is important to appreciate that the two
vaccines differ in formulation. The OMV vaccine used in Nor-
way was extracted in deoxycholate, which leads to removal of
the majority of LPS and phospholipids (7). Thus, those re-
searchers have been able to administer the vaccine both intra-
muscularly and intranasally without noting any pyrogenic side
effects. The NOMV vaccine that we studied has been uniquely
developed by our group and was not exposed to detergent,
thereby preserving the phospholipids and LPS in their native
conformation. Additionally, the Norwegian vaccine contained
Opc protein, which the investigators suggest is important in
generating a bactericidal response. Our formulation does not
have expression of this protein. The OMV and NOMV vac-
cines were produced from different seed strains, thus adding
further to the differences, which explains some discordance in
results. Finally, the NOMV was manufactured from cells
grown under iron-limiting conditions in order to induce iron-
regulated proteins, which may contribute to the immune re-
sponse. This is in contrast to the OMV (Norwegian) vaccine,
which did not express iron uptake proteins and adds an addi-
tional variable when the two vaccines are compared. Direct
comparisons between the studies need to be interpreted in
light of the differences discussed above.

In conclusion, we have demonstrated the safety of intranasal
meningococcal vaccination, particularly showing the absence
of a nasal inflammatory response. We have corroborated the
findings of our previous trial which studied only 32 volunteers
and have shown that NOMV vaccine presented mucosally pos-
sesses the structures to induce both serum bactericidal and
local secretory antibody. This trial suggests that a narrower
dosing interval and increased surface exposure (intranasal and
oropharyngeal) may be important when administering vaccine
mucosally. The use of the ELISPOT and bactericidal assays
can serve as sensitive markers of systemic immunogenicity in
light of a low total serum antibody response. The rate of
seroconversion is inadequate but may be increased by modify-
ing the vaccine structure, adding an adjuvant, and altering the
dosing schedule as discussed.
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