Phase 1 study of an intramuscular meningococcal NOMV vaccine made from a group B strain with
deleted lpxL1 and synX, over-expressed factor H binding protein, two porA’s and stablized Opc
expression (HOPS-G).
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Objective: The objective of this study was to assess the safety and immunogenicity of a native outer membrane vesicle (NOMV) vaccine prepared from an lpxL1(-) synX(-) mutant of strain 8570(B:4:P1.19,15:L3,7-5) of Neisseria meningitidis . Additional mutations
enhance the expression of factor H binding protein variant 1, Opc, and introduce a second porA (P1.22,14) . These five mutations, and therefore the vaccine, are designated by the acronym HOPS-G.
Methods: Thirty-six volunteers were sequentially assigned to one of four dose groups (10 mcg, 25 mcg, 50 mcg, and 75 mcg, based on protein content) to receive three injections at six week intervals of vaccine with aluminium hydroxide adjuvant. Specific local and
systemic adverse events were solicited in the form of a diary filled out by volunteers and a questionnaire filled out at follow-up visits on days 2, 7, and 14 after each vaccination. Blood chemistries, complete blood count, and coagulation studies were measured on
each vaccination day and again 2 and14 days later. Blood for serum bactericidal assays was drawn two and six weeks after each vaccination. Bactericidal assays were done using normal human serum as a source of complement, Gey’s Balanced Salt solution as a
buffer diluent, and meningococci grown to mid log phase growth on Mueller-Hinton broth. After 1 hour incubation at 37°C with shaking, cells were plated on GC agar with defined supplement using the drip method. Colonies were counted after overnight
incubation at 37°C. Bactericidal titers are reported as the highest dilution of serum in which 50% or more of the test strain is killed. The bactericidal depletion assay was performed by coating wells of a 96-well plate with serial dilutions of the antigens to be
depleted followed by blocking and washing. Serum was diluted to the 50% kill endpoint and incubated in the coated wells for 4 hours, followed by transfer to a fresh plate before completing the bactericidal assay as described above.
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Figure 1: Study design. From first vaccination to the end of the study was 18 weeks for
each dose group. Safety assessments were performed at least two weeks after each
initial vaccination before proceeding with the next higher dose
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Figure 3: Lipid A molecule of Neisseria meningitidis. The acyl side chain
shown in red is absent when lpxL1 is inactivated. Penta-acylated lipid A has
reduced endotoxic activity compared with wild-type hexa-acylated lipid A1.

Results: Adverse events were mild and transient. No serious adverse events occurred. Non-clinically significant increases in temperature and white blood cell count were detected. Injection site reactions and plasma fibrinogen levels were highest in the 75mcg
group. All dose groups showed a significant increase in bactericidal activity with a mean increase of 4.3x the baseline reciprocal titer. A fourfold or greater increase in bactericidal antibodies against the wild-type vaccine parent strain was seen in 5/7, 8/9, 4/9 and
6/9 in the 10, 25, 50 and 75mcg dose groups respectively. Four group B strains with varying surface protein expression, serosubtypes and immunotypes were killed by 41% to 82% of 34 post-vaccination sera at titers fourfold or greater than pre-vaccination.
Depletion assays show contributions to bactericidal activity from antibodies to LOS as well as porA, Opc, and factor H binding protein.

Figure 4: Clinical and laboratory findings following injection of heat killed
wild-type meningococci performed by Davis on himself in 19072. For our
native outer membrane vesicle vaccines, increased temperature on the day of
vaccination and white blood cell count from one to three days postvaccination were checked for evidence of residual endotoxin activity.

Figure 5: Increases in plasma fibrinogen at two days following each vaccination3. Like
injection site pain, the increase was greatest with the 75mcg dose group and was most
prominent after the first vaccination. Spearman rank correlation between injection
site pain and increase in plasma fibrinogen fell just short of statistical significance
(p=0.054).

Figure 7: The first volunteer to receive the HOPS-G NOMV vaccine
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Table 1: Change in temperature at 30 minutes post-vaccination with HOPS-G.
Comparisons made via a paired (pre- and post) Student’s t-test. None of the
volunteers reported feeling feverish or had a temperature reading of greater
than 99.5°F. For changes so slight, a placebo group would have aided
interpretation by accounting for diurnal variation and ambient temperatures,
but was unfortunately not included.
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75 mcg
Table 2: Increase in white blood cell count (WBC) measured at 2-days postvaccination in thousands per microliter, with p-values from paired (preand post) Student’s t-tests. Counts appear to be increased in all dose
groups, although a dose-response is not evident. The one-way ANOVA test
for a difference between the dose-groups was not significant. Spearman
rank correlation between the increase in temperature at 30 minutes and
increase in wbc count at 2 days was significant (p<0.005)

Table 3: Mean scores of injection
site pain. Volunteers scored pain
subjectively as:
1=pain noticeable
2=pain influences daily activities
3=pain prevents daily activities.
†More pain was reported after first vaccination (Kruskall-Wallis p=0.03) than
the second (p=0.063) or third (p=0.037).
‡Cumulative mean pain scores (cum) were greatest with the 75mcg dose
(Kruskall-Wallis p=0.03); vs 10mcg, p=0.0117; vs 25mcg p=0.1173; vs 50mcg,
p=0.042.
“Immediately after injection some smarting occurred locally and in
a few moments became associated with a dull ache running down
the arm and into the hand… There was some redness, swelling
and tenderness for three or four days.”
--- David J. Davis, 19072

Figure 6: Bactericidal titers at day 98, two weeks after the third dose. Each row
represents a single volunteer. Values are reciprocal bactericidal titers; green reflects a
fourfold or greater increase over baseline, yellow is twofold, red is no increase. Two
samples outlined by white boxes were analyzed by bactericidal depletion assays to
define the antigens mediating bactericidal activity (figure 8).
The two columns on the left show the response to two phase-varying immunotypes of
the parent strain, 8570 (L7-5 and L8-5). Cross-protection against four other strains is
shown in the four columns on the right.
Western blotting of these strains shows the following antigenic profiles:
vaccine
8570 WT
44/76
298I
99M
9162

fHbp var. 1
fHbp var. 1
fHbp var. 1
fHbp var. 1
--fHbp var. 1

Opc
+/- Opc
+/- Opc
----+/- Opc

P1.19,15, P1.22,14
P1.19,15
P1.7,16
P1.14
P1.5,2
P1.7-2,3

L3,7-5
L8-5
L3,7
L1
L3,7
L3,7

Note that 298I, which possesses the non-cross-reacting L1 LOS, was least reactive.
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Figure 8: Two representative depletion assays, against the wild type parent of
the vaccine strain (8570 WT) and another case strain (9162) are shown. Sera
are taken from individuals who demonstrated high bactericidal titers against
that strain (see figure 6). The corresponding NOMV serve as a positive
control. In both cases, a substantial portion of bactericidal activity comes
from antibodies to LOS, suggesting cross-reactivity between the vaccine
immunotype and the L3,7 immunotype. Other contributions to bactericidal
activity come from antibodies to factor H binding protein (fHbp v.1) and Opc.
Note that 8570 NOMV expressing a heterologous porA deplete less than 80%
of the NOMV with homologous porA at the same concentration, suggesting
that porA also contributes to the bactericidal response. LOS of the L1
immunotype, which is not typically associated with clinical cases and not
cross-reactive with the vaccine immunotype, is included as a negative control.
Conclusion: The HOPS-G NOMV vaccine was well tolerated. Although some
evidence for endotoxic activity was detected, adverse events were transient
and mild.
The proportion of those who seroconverted (developed a fourfold or greater
increase in serum bactericidal activity) was 0.676 (95% confidence interval,
0.519 to 0.833). Cross-protection against other strains was demonstrated,
particularly those with a cross-reacting immunotype. Depletion assays
suggest that predominantly LOS, but also factor H binding protein, Opc, and
porA contribute to the protective response.
A future study will include HOPS-G as one component of a polyvalent NOMV
vaccine.
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