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Abstract

Background—Gram-negative bacteria (GNB) are a leading cause of nosocomial infection and
sepsis. Increasing multi-antibiotic resistance has left clinicians with fewer therapeutic options.
Antibodies to GNB lipopolysaccharide (LPS, or endotoxin) have reduced morbidity and mortality
as a result of infection and are not subject to the resistance mechanisms deployed by bacteria
against antibiotics. In this phase 1 study, we administered a vaccine that elicits antibodies against a
highly conserved portion of LPS with and without a CpG oligodeoxynucleotide (ODN) TLR9
agonist as adjuvant.

Methods—A vaccine composed of the detoxified LPS (dLPS) from E. coli O111:B4 (J5 mutant)
non-covalently complexed to group B meningococcal outer membrane protein (OMP). Twenty
healthy adult subjects received three doses at 0, 29 and 59 days of antigen (10 pg dLPS) with or
without CPG 7909 (250 or 500 pg). Subjects were evaluated for local and systemic adverse effects
and laboratory findings. Anti-J5 LPS IgG and IgM antibody levels were measured by
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electrochemiluminesence. Due to premature study termination, not all subjects received all three
doses.

Results—All vaccine formulations were well-tolerated with no local or systemic events of
greater than moderate severity. The vaccine alone group achieved a =4-fold “responder” response
in 19gG and IgM antibody in only one of 6 subjects. In contrast, the vaccine plus CPG 7909 groups
appeared to have earlier and more sustained (to 180 days) responses, greater mean-fold increases,
and a higher proportion of “responders” achieving =4-fold increases over baseline.

Conclusions—Although the study was halted before all enrolled subjects received all three
doses, the J5dLPS/OMP vaccine, with or without CpG adjuvant, was safe and well-tolerated. The
inclusion of CpG increased the number of subjects with a =4-fold antibody response, evident even
after the second of three planned doses. A vaccine comprising J5dLPS/OMP antigen with CpG
adjuvant merits further investigation.
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Introduction

Gram-negative bacteria (GNB) are a leading cause of nosocomial infection, exceeded in one
recent survey only by C. difficile infections [1]. Despite decades of intensive research, the
morbidity and mortality from Gram-negative bacteremia and sepsis is unacceptably high [2].
The situation is further exacerbated by the dramatic increase in multi-antibiotic resistant
(MDR) bacteria accompanied by a steady decline in the antibiotic pipeline [3]. Despite
governmental attempts to encourage the development of new antibiotics by pharmaceutical
companies, the development of antibiotic resistance is inevitable, making the useful life of a
new antibiotic uncertain [4,5]. Consequently, new approaches for the treatment of GNB are
greatly needed.

Vaccines that elicit antibodies against bacterial pathogens have been successful in reducing
the morbidity and mortality from infection, or in the case of H. influenzae, nearly eradicating
lethal infections [6,7]. Antibodies against the lipopolysaccharide (LPS, or endotoxin) of
GNB have been highly protective in experimental GNB infection, as well as in human
infection [8-10]. While vaccines against nosocomial GNB pathogens have been developed
and tested in human subjects, none have sought licensure in the United States, in part
because of the effectiveness, until recently, of antibiotics [11-13].

Early investigation of LPS structure by several laboratories identified a highly conserved
core region that joined the biologically active lipid A moiety to the highly variable
carbohydrate region responsible for O antigen specificity. A whole killed vaccine was
prepared from a mutant of E. coli 0111:B4 (Rc chemotype, J5) that was unable to generate
O antigens, thereby exposing conserved core LPS epitopes. Passive administration of post-
immune antisera generated by the administration of this vaccine to healthy subjects
demonstrated significant protection from shock and death in a large, multicenter
randomized, control clinical trial [14]. We developed a new subunit formulation of the
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original J5 vaccine whereby purified J5 LPS was detoxified (J5dLPS) and non-covalently
complexed with the outer membrane protein (OMP) of group B N. meningitides [15]. The
resulting vaccine was highly immunogenic and protective in various preclinical models of
sepsis caused by heterologous clinical isolates of GNB [15-20]. When tested in human
subjects, this vaccine was well-tolerated with no systemic adverse effects and local reactions
similar to those of licensed vaccines; however, this non-adjuvanted vaccine induced only a
2-4 fold increase in anti-J5 LPS antibodies over baseline levels [21].

Adjuvants are well established to increase antibody responses for kinetics, magnitude,
breadth, and durability of antibody responses against co-administered antigens.
Oligodeoxynucleotides (ODN) containing CpG motifs that activate immune cells via Toll-
like receptor 9 (TLR9) have been shown to enhance antibody responses to a wide variety of
antigens [22]. CPG 7909 is a 24-mer CpG ODN containing 3 CpG motifs that has been
shown to significantly enhance antibody responses in several human clinical trials [23-27].
The subject of this report is a Phase 1 clinical study of J5dLPS vaccine administered alone
or with CPG 7909 at two different doses.

Materials and Methods

Vaccine and Adjuvant

The J5dLPS/OMP vaccine was prepared at the Pilot Bioproduction Facility at the Walter
Reed Army Institute of Research (WRAIR) in Silver Spring, MD under cGMP conditions as
previously described [21]. E. coli O111:H4, J5 (Rc) mutant was originally obtained from Dr.
Elizabeth Ziegler, San Diego, CA. The J5dLPS/OMP cGMP product (Lot 0376) was
originally manufactured in 1996 and stored at -20° +5° C.

CPG 7909 is a synthetic CpG ODN of sequence TCGTCGTTTTGTCGTTTTGTCGTT, is
manufactured with a nuclease-resistant phosphorothioate backbone. CPG 7909, generously
provided by Pfizer (PF-3512676), was stored at 2-8° C.

Study Protocol

This single-center study intended to recruit 28-34 healthy subjects aged 18-50 years. The
subjects were randomized to one of four study groups: (1) vaccine alone (10 g, based on
LPS content), (2) vaccine + CPG 7909 (500 ug), (3) vaccine + CPG 7909 (250 ug), or (4)
placebo (normal saline). The primary objective of the study was to establish the safety and
tolerability of the combination of vaccine and CPG 7909 when given together. The
secondary objective was to determine if the combination of vaccine with CPG 7909 was
more immunogenic than the vaccine alone and if the antibody response occurred earlier.
This study was approved by the IRB of the University of Maryland, Baltimore.

Eligible subjects were to receive three immunizations in alternating deltoid muscle at Days
0, 29, and 59, based on the previous Phase 1 study performed with non-adjuvanted vaccine
[21]. The subjects in the four study groups were to be immunized in three cohorts. Only the
vaccinator, who did not monitor patient safety, was unblinded. For the first cohort, two
subjects in each group received vaccine alone, vaccine + CPG 7909 (250 ug), or placebo. A
second cohort received the vaccine alone (n=6), vaccine + CPG 7909 (250 pg, n=6), or
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vaccine + CPG 7909 (500 pg, n=2). The third cohort was to be immunized with the vaccine
+ CPG 7909 (500 ug, n=6) or placebo (n=2). After each immunization, subjects were
examined for local and systemic reactions at 24 and 48 hr and reactogenicity and tolerability
was recorded for 8 days. Blood samples for standard laboratory safety tests were obtained 7
days after each vaccination (i.e., days 7, 36, and 66) and for anti-core glycolipid antibody
levels at days 14, 36, 66 as well as on days 120, 180, and 365. Baseline antibody levels were
measured at day 0 before immunization. An immunology safety screen to monitor potential
adverse effects of the adjuvant included ANA, anti-double-stranded DNA antibody, and
TSH assays. EKGs were performed after each vaccination.

A previously described ELISA assay for 1gG and IgM antibody to J5 LPS was adapted to a
proprietary platform that is a combination of electrochemiluminescence (ECL) detection and
patterned arrays (Meso Scale Discovery [MSD]) according to the manufacturer's
instructions. ECL detection uses secondary antibody labels that emit light when
electrochemically stimulated that reduces background signals and improves sensitivity [28].
One microgram J5 LPS (List Biologics) in PBS was added to MSD MULTI-SPOT 96-well
plates. Following addition of serum samples, incubation, and washing, SULFO-TAG® anti-
human detection antibody was added to each well of the MSD plate and the wells were read
in a SECTOR IMAGER 2400 reader. Data were analyzed using Microsoft Excel and MSD
Discovery Workbench software (http://www.mesocale.com/CatalogSystemWeb/WebRoot/
products/software.aspx).

Statistical analysis—IgG and IgM antibody levels to J5 LPS were analyzed by
computing the geometric mean concentration (GMC), geometric mean-fold increase over
baseline antibody levels (gMFI), and the proportion of responders (defined as >4-fold
increase in antibody level over baseline) in each study group and at each time point.
Confidence intervals for the geometric mean antibody levels were computed by
transforming results to log scale, assuming normality assumptions were satisfied on this
scale, and converting the computed interval back to the original scale. Exact 95% confidence
intervals for the proportion of responders were also computed. An unplanned comparison
was made between the proportion of responders in the vaccine alone and the combined
vaccine + CPG 7909 groups. This analysis was performed with a Fisher Exact test and was
consistent with the objective of determining if addition of CPG improved the level of
antibody as well as the rapidity of response. Statistical analyses were performed using SAS
software, version 9.3.

Study Design and Subjects

Of the intended 28 subjects in this clinical trial, only 20 healthy adults aged 22-47 were
enrolled. The study was prematurely terminated when inert particulate matter was detected
in one vial of vaccine partway through the study. Of the 20 enrolled subjects, 12 (60%) were
male, 12 (60%) were Black/African American, and the mean age was 33.9 years. All 20
subjects received 2 vaccine doses, but only 6 subjects received the third dose (2 in each of

Vaccine. Author manuscript; available in PMC 2016 November 27.


http://www.mesocale.com/CatalogSystemWeb/WebRoot/products/software.aspx
http://www.mesocale.com/CatalogSystemWeb/WebRoot/products/software.aspx

1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Cross et al.

Page 5

vaccine alone, vaccine + 250 pg CPG 7909, and placebo groups). As a result of the
premature study halt, 14 enrolled subjects did not receive their third dose and cohort 3 was
not enrolled. Eighteen of the 20 subjects (90%) completed the protocol. Two subjects (both
in the vaccine + 250 pug CPG 7909 group) were lost to follow-up.

Safety Evaluation

All vaccine formulations were safe and well-tolerated, although all were more reactogenic
than placebo treatment (Table 1).

Systemic reactogenicity events were all mild to moderate in severity, with myalgia (12/20,
60%) and fatigue/malaise (12/20, 60%) being the most frequently observed. There was no
evidence of increased reactogenicity with the inclusion of CPG 7909 compared to antigen
alone (Table 1). Ten of 20 (50%) subjects had a moderate systemic reaction after any
vaccination (Table 1), with the highest incidence after the first vaccination in the vaccine +
CPG 7909 250 ug group (7/8, 88%) and a decreased incidence with subsequent vaccinations
(Figure 1A).

Local reactogenicity events were also all mild to moderate in severity. Moderate local
reactions were observed in 10 of 20 subjects (50%) after any vaccination, and while there
were no significant differences between groups, there was a trend for higher incidence with
CPG 7909 compared to antigen alone, but not with the higher dose of CPG 7909 compared
to the lower dose (Table 1). The local reactions for all groups were present by day 1 post-
vaccination and usually resolved by day 3 post-vaccination; the number of local reactions
were greatest after the first dose and declined with each subsequent immunization (Figure
1B and Table 1).

Although 19 of 20 (95%) subjects experienced 26 unsolicited adverse events, none were
serious and only 5 were of moderate severity. Two the 26 events (8%) were vaccine-related
and both were experienced by the same subject. No subject reported an adverse event of
special interest while enrolled in this study.

The laboratory evaluation monitored liver and renal function tests, complete blood count,
urinalysis, and C-reactive protein. None of these laboratory values in any group were above
grade 2 (moderate). Anti-nuclear antibody values were monitored for each of the subjects.
No positive ANA values (or greater than 8 1U/mL) were observed in either CPG 7909
group, and 5 mild ANA value abnormalities occurred in two subjects in the vaccine alone
group. One subject in the vaccine + 250 pg CPG 7909 group had a TSH level of 16.24
ulU/ml 127 days after the third vaccination that increased 56 days later; however there were
no signs or symptoms of thyroid disorder and a further history revealed a family history
(grandmother) of “thyroid problems”. No clinically significant EKG abnormalities were
observed in any of the groups.

Antibody response—At the time of study halt, all subjects had received at least two
vaccinations, and some of those in vaccine alone and vaccine + CPG 7909 250 g had also
received the third and final dose.
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The 1gG antibody responses in both vaccine + CPG 7909 groups were higher than those in
the vaccine alone group, but the limited sample size in each group precludes formal
statistical conclusions (Figure 2 and Table 2). While the vaccine alone group consistently
displayed higher antibody levels than the placebo group, only 1 of 8 had a four-fold increase
over baseline (i.e. “vaccine responder”) after the primary vaccination series (Table 2). In
contrast, the vaccine + CPG 7909 250 pg group had a higher gMFI than did the vaccine
alone group and a greater percentage of subjects in the CPG 7909 group had a >4-fold
response. While only two subjects received vaccine + CPG 7909 500 g, both subjects
achieved a >4-fold response after only the second immunization and the gMFI was three
times that of the 250 pg group (Table 2, Day 36, gMFI1=2.75 vs. 9.03). Peak antibody levels
were observed at Day 66 and elevated IgG levels persisted through day 180. When the
number of responders after the second immunization were compared (Table 2, Day 36), the
addition of CPG (either dose) produced a higher proportion of responders, but the difference
did not achieve statistical significance (1/8 vaccine alone vs. 5/10 vaccine + CPG 7909, p=0.
0758, one sided Fisher's Exact Test).

After the first vaccination there was a robust IgM response in the two CPG groups, with >4-
fold increase in both 500 ug CPG 7909 group subjects and nearly a three-fold average
increase in the 250 pg CPG 7909 group (Figure 3, Table 3, Day 14). Following the second
vaccination, the Day 36 IgM level increased further in the 500 pg CPG 7909 group (gMFI
11.54) and in the 250 ug CPG 7909 group (gMFI 4.82), while the vaccine alone group had a
gMFI of 2.43. The gMFI in the vaccine alone group was essentially unchanged through the
third vaccination. The difference between IgM responders after the second vaccination in the
two combined CPG 7909 vs. vaccine alone groups (Table 2, Day 36) did not achieve
statistical significance (2/8 [25%] vs 6/10 [60%], p=0.0940, one-sided Fisher Exact Test).
The nonsignificant result can be partly attributed to the low sample size in each group.

As expected, the anti-J5 LPS IgG or IgM antibody levels did not change significantly over
time for subjects in the placebo group (Tables 2 and 3).

Discussion

In recent years there has been a dramatic increase in the frequency and spread of MDR GNB
accompanied by an increased mortality, length of hospital stay, and increased costs [29-31].
There also has been a collapse of the antibiotic research-and-development pipeline, with no
new class of antimicrobials approved for treatment of GNB in over 40 years [3]. Since
bacteria possess or can quickly develop resistance mechanisms to antibiotics [4, 5] it is
likely that the useful lifespan of any new antimicrobial will be relatively short-lived. There
have also been supply shortages of licensed antimicrobial agents [32]. Thus, there is an
urgent need for alternative therapeutic approaches to the treatment of serious GNB
infections. Indeed, the prevalence of MDR GNB is such a high priority security concern that
it prompted a national strategy to develop new therapeutic measures and vaccines [33].

After decades of intensive work on immune modulators that target the host response, not one
product is currently approved for adjunctive therapy for severe GNB infections. In contrast,
the strategy of targeting bacteria with antibodies has been effective, likely because such
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antibodies are not subject to or drive the same mechanisms by which bacteria evade
antimicrobials. They also avoid the risk of immune compromise of immune modulators that
target the host response. Further, there may be synergistic interaction between
immunoglobulins and antimicrobials [34].

While antibodies directed at the highly conserved lipid A portion of the LPS molecule
buried within the bacterial outer membrane have not been protective, antibodies against the
immunodominant LPS O-polysaccharide have afforded protection against lethal infection in
multiple pre-clinical studies and have also been effective in human clinical studies [8-11].
GNB mutants that lacked O polysaccharide, thereby exposing a highly conserved glycolipid
core, could induce antibodies that were highly protective against a broad range of clinically
relevant GNB [35-37]. The anti-core endotoxin antibodies elicited by a heat-killed J5 E. coli
vaccine provided significant protection when passively administered to patients with sepsis
and shock caused by a broad range of GNB, and prevented the onset of GNB shock and
death when given prophylactically to surgical patients admitted to intensive care units [14,
38]. Subsequent studies with anti-core glycolipid antibodies had mixed results, perhaps due
to the failure to insure adequate levels of circulating antibody [39]. Multiple studies had
found a positive correlation between the presence of anti-core LPS antibodies and better
clinical outcomes [40-43]. In any event, the unacceptable reactogenicity of the heat-killed
bacterial vaccine limited its further development.

Based on the robust protection reported by Ziegler et al [35], we prepared a subunit vaccine
from the J5 mutant bacteria provided by the Braude laboratory. This J5dLPS/OMP vaccine
was highly effective in multiple animal models of lethal GNB infection including
neutropenic rat, cecal ligation/puncture, and murine pneumonia models when given actively
or when the vaccine-induced antibodies were given passively [15-20]. While this vaccine
was highly immunogenic in preclinical models of sepsis, in the absence of adjuvant it failed
to induce a robust antibody response in a Phase 1 study [21].

CPG 7909, a CpG ODN TLR9 adjuvant, has been shown to enhance and accelerate the
immune response in human subjects to a number of different antigens, and to be well-
tolerated [23, 24]. Since the combination of J5dLPS/OMP vaccine and CPG 7909 was
highly immunogenic and protective in preclinical studies [17], and did not cause dysbiosis in
mice [44], we studied its safety, tolerability, and immunogenicity in the present study. We
hypothesized that addition of CPG 7909 would enhance and accelerate the human response
to the J5dLPS/OMP vaccine while being safe and well-tolerated. Since the study was
prematurely terminated, there were insufficient data to formally evaluate the hypothesis for
enhanced immunogenicity, but the data trended in this direction. As well, the limited data
suggest that the vaccine formulations containing 250 or 500 ug CPG 7909 were safe and
well tolerated. These findings will require a larger number of subjects for confirmation.

Anti-endotoxin vaccines against O polysaccharide or core glycolipid may be used to
generate hyperimmune immunoglobulins for intravenous treatment of acute infections, as
was done in the Ziegler et al study [35]. However, passive antibody therapies are hampered
by the need to administer these therapies rapidly after the onset of infection in order to
succeed. Furthermore, even with successful treatment, patients who survive sepsis suffer
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from long-term cognitive defects, disabilities, and increased mortality from events unrelated
to the septic episode [45-48]. Thus, it is not sufficient to just treat sepsis, but it is highly
desirable to develop a vaccine to prevent infection through active immunization. Of
particular interest, the vaccine/adjuvant combination elicited an IgM antibody response at 14
days after the first immunization, the first time-point assayed, and persisted for 180 days.
Previous studies found that acute trauma victims and ICU patients developed antibody
responses to experimental GNB vaccines within as few as 7-14 days [49, 50]. Response and
efficacy might be further improved by the addition of an adjuvant, such as a CpG ODN.
Based on our limited results in this prematurely terminated study, the J5dLPS/OMP vaccine
in conjunction with CPG 7909 might be of value to patients at risk of developing GNB
infections later in their hospitalization, and merits further investigation.
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Abbreviations

TSH
ECL
GNB
MDR
gMFI
OMP
dLPS
CpG

Thyroid Stimulating Hormone
electrochemiluminescence
Gram-negative bacteria
multidrug resistant

geometric mean fold increase
outer membrane protein
detoxified LPS

Cytosine and guanosine triphosphate oligodeoxynucleotides joined by
phosphorothioate
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Highlights

A vaccine elicits antibodies against a highly conserved core region of GNB
endotoxin.

This detoxified endotoxin vaccine with and without two different doses of CPG
7909 adjuvant was given to healthy subjects.

The adverse effects of those given vaccine + CPG 7909, vaccine alone or
placebo were similar.

Addition of CPG 7909 appeared to increase and accelerate the 1gG and IgM
antibody responses to the core glycolipid.

This vaccine merits further investigation as an adjunct to therapy against GNB
infections
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Figure 1.
Maximum severity response per subject for all study groups by days post each of three

vaccinations.

At 24 and 48 hr after each vaccination, subjects were examined for systemic (panel A) and
local (panel B) reactions and subjects recorded reactogenicity and tolerability in diaries daily
for 8 days. The proportion of subjects in each group that exhibited mild (light) or moderate
(dark) systemic reactions are shown by day after each immunization. No subject experienced
severe or life-threatening reactions. “Pre-Vac” and “Post-Vac” in Panel A refers to the
evaluation in the clinic for systemic symptoms before and after each vaccination, while
“Post-Vac” in panel B refers to the evaluation of local reactions in the clinic after
immunization.
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Figure 2.

Summary of 1gG response to J5 antigen by visit and study group.

Boxplots of ECL ELISA IgG antibody responses to J5 LPS are shown by study group and
visit. The number of subjects evaluated at each study day is indicated (N) and the numbers
of subjects receiving all 3 or only 2 vaccine doses are also shown. The dark horizontal bar
within each boxplot represents the median antibody response with the 25-75™ percentiles
indicated by the lower and upper borders of the vertical box. The dotted lines extending
from the box (“whiskers™) represent responses of up to 1.5 times the height of the box. Open
circles at days 14 and 36 are outliers (i.e. beyond the whiskers).
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Figure 3.

Summary of IgM response to J5 antigen by visit and study group.

Boxplots of ECL ELISA IgM antibody responses to J5 LPS are shown by study group and
visit. The number of subjects evaluated at each study day is indicated (N) and the number of
subjects receiving all 3 or only 2 vaccine doses are also shown. The dark horizontal bar
within each boxplot represents the median antibody response with the 25-75th percentiles
indicated by the lower and upper borders of the vertical box. The dotted lines extending
from the box (“whiskers™) represent responses of up to 1.5 times the height of the box. Open
circles are outliers (beyond the whiskers).
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Table 2
Summary statistics of ELISA 1gG antibody response to J5dLPS/OMP vaccine + CPG

Healthy subjects were immunized with 10 ug (based on LPS content) of vaccine alone, vaccine + 250 ug CPG.
7909, vaccine + 500 pug CPG 79090r placebo (PBS) on Days 0, 29 and 59. Blood sampling was obtained on
days 0, 14, 36, 66, 120, 180 and 365 for antibody determinations by ECL ELISA. The IgG antibody levels to
J5 LPS were analyzed by computing the geometric mean concentration (GMC), geometric mean-fold increase
over baseline (Day 0) antibody levels (gMFI) and the proportion of responders in each study group and at each
time point as described in Materials and Methods. The number (N) of subjects in each group that were seen for
followup after Dose 1 of the vaccine (Day 14), Dose 2 (Day 36) and Dose 3 (Day 66) are indicated. Long term
followup (Days 180 and 236) regardless of the number of immunizations received are also shown. Since there
was little change in antibody levels on Days 120 and Day 365, these values are not shown in this table (but
shown in Figure 2). At each day of followup the geometric mean concentration (GMC) and 95% confidence
interval is shown. The proportion of subjects with >four-fold increase in GMC over the baseline GMC (Day 0)
(i.e. “responders™) was calculated and also expressed as geometric mean fold increases (gMFI) with 95%
confidence interval.

Study Group Vaccination . Vaccine + 250 ug CPG Vaccine + 500 pg
12&3 Vaccine Alone 7909 CPG7909 Placebo
Day 0: Enrollment, Dose 1
N 8 8 2 2
GMC (95% Cl) 2395.0 (742.5 - 7725) 2412.0 (657.7-8845) | 1700.5(10.4-2.8E+05) | 802.7 (0.0- 1.1E+10)
Day 14: Clinic Visit
N 8 8 2 2
GMC (95% Cl) 3508.7 (1285.4 - 9578) | 29252 (i%i‘;"‘ “15E | g167.5(49.0-14E+06) | 10029 Jfgé‘; - T4E
Four-fold '”"c’f)ase - %(95% 0(0-37) 25 (3 - 65) 50 (1 - 99) 0(0-84)
gMFI (95% CI) 1.47 (1.10 - 1.95) 2.46 (1.07 - 5.62) 4.80 (0.00 - >1000) 1.25 (0.67 - 2.33)
Day 36: Clinic Visit
N 8 8 2 2
GMC (95% Cl) 3885.4 (1643.5-9185) | 66399 (i%%'ﬁ -LAE | 153606 (12.4 - 1L9E+07) | 852.1(0.0-3.2E+10)
Four-fold Incfease - 36(35% 13 (0 - 53) 38 (9 - 76) 100 (16 - 100) 0(0-84)
gMFI (95% Cl) 1.62 (0.94 - 2.79) 2.75 (1.08 - 7.00) 9.03 (1.19 - 68.54) 1.06 (0.39 - 2.91)

Day 66: Clinic Visit (All subjects received vaccination 1, 2, and 3)

N 2 2 0 2
GMC (95% CI) 4988.9 (10.4 - 2.4E+06) | 231441 (332)16 -45E 1252.7 Jr(gé(; -46E

Four-fold In((::r;e)ase - %(95% 0(0-84) 50 (1 - 99) 0(0-84)
gMFI (95% Cl) 0.91 (0.08 - 10.89) 4.87 (0.00 - >1000) 156 (0.42 - 5.86)

Day 180: Clinic Visit (Subjects receiving vaccination 1 and 2 only)

N 6 5 2 0

GMC (95% Cl) 3363.8 (755.2 - 1.5E+04) | 4397.2(986.3- 2.0E+04) | 10264.0 (33.5 - 3.1E+06)
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Study Group Vaccination

Vaccine + 250 ug CPG

Vaccine + 500 pg

12&3 Vaccine Alone 7909 CPG7909 Placebo
Four-fold '“ggase - %6(95% 0(0- 46) 40 (5 - 85) 100 (16 - 100)
gMFI (95% CI) 1.85 (1.09 - 3.15) 3.56 (0.59 - 21.37) 6.04 (3.21 - 11.36)
Day 236: Final Visit (Subjects receiving vaccination 1 and 2 only)
N 6 5 2 0

GMC (95% Cl)

3189.4 (759.9 - 1.3E+04)

4473.3 (12746 - 1.6E
+04)

5258.3 (17.1 - 1.6E+06)

Four-fold Increase - %(95%
Cl)

0(0- 46)

40 (5 - 85)

0(0-84)

gMFI1 (95% CI)

1.76 (1.25 - 2.47)

3.62 (0.84 - 15.69)

3.09 (1.64 - 5.85)
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Table 3
Summary statistics of ELISA IgM antibody response to J5dLPS/OMP vaccine + CPG

The IgM antibody levels determined by ECL ELISA following vaccination are shown in a format similar to
Table 1. The antibody values for visits Days 120 and 365 were similar to those shown for Days 180 and 236
and therefore not shown.

Study Group Vaccination 1, : Vaccine + 250 ug CPG Vaccine + 500 pg
5&3 Vaccine Alone 7909 CPG7909 Placebo
Day 0: Enrollment, Dose 1
N 8 8 2 2
GMC (95% ClI) 378.4 (195.1 - 734) 562.8 (240.8 - 1315) 981.0 (0.6 - 1.6E+06) 151.2 (0.3 - 7.9E+04)
Day 14: Clinic Visit
N 8 8 2 2
GMC (95% CI) 642.7 (329.9 - 1252) 1651.6 (1011.6 - 2696) 4115.9 (1.8 - 9.5E+06) 171.9 (0.0 - 6.7E+05)
Four-fold Increase - %6(35% 0(0-37) 13 (0 - 53) 100 (16 - 100) 0(0-84)
gMFI (95% ClI) 1.70 (1.34 - 2.15) 2.93(1.20-7.16) 4.20 (3.05 - 5.76) 1.14 (0.15 - 8.41)
Day 36: Clinic Visit
N 8 8 2 2
GMC (95% ClI) 918.8 (385.8 - 2188) 2710.6 (1526.0 - 4815) 11316.4 (0.0 - 6.0E+09) 152.1 (0.2 - 1.3E+05)
Four-fold b %(35% 25 (3 - 65) 50 (16 - 84) 100 (16 - 100) 0(0-84)
gMFI (95% CI) 2.43 (1.41 - 4.18) 4.82 (1.91-12.13) 11.54 (0.04 - >1000) 1.01 (0.62 - 1.62)
Day 66: Clinic Visit (All subjects received vaccination 1, 2, and 3)
N 2 2 0 2
GMC (95% ClI) 886.4 (58.3 - 1.3E+04) 11728.7 (5.4 - 2.5E+07) 174.2 (0.0 - 1.5E+06)
Four-fold In(é:r:a)ase - %(95% 0(0-84) 100 (16 - 100) 0(0-84)
gMFI (95% CI) 2.71 (0.03 - 259.75) 7.88(1.91 - 32.47) 1.15(0.07 - 18.67)
Day 180: Clinic Visit (Subjects receiving vaccinationl and 2 only)
N 6 5 2 0
GMC (95% ClI) 1224.4 (284.8 - 5263) 2379.3 (725.4 - 7804) 5281.9 (0.0 - 7.7E+11)
Four-fold IncCr:a)ase - %(95% 33(4-78) 60 (15 - 95) 50 (1 - 99)
gMFI (95% ClI) 3.08 (1.45- 6.54) 6.81 (0.97 - 47.65) 5.38 (0.00 - >1000)
Day 236: Final Visit (Subjects receiving vaccination 1 and 2 only)
N 6 5 2 0
GMC (95% ClI) 913.5 (236.1 - 3533) 2172.2 (913.5 - 5165) 4824.1 (0.0 - 1.6E+10)
Four-fold Inggase - %(95% 17 (0 - 64) 60 (15 - 95) 50 (1 - 99)
gMFI (95% CI) 2.30 (1.20- 4.41) 6.21 (1.36 - 28.40) 4.92 (0.00 - >1000)
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