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Merck V710 is a novel vaccine containing the conserved Staphylococcus aureus iron surface determinant B shown
to be protective in animal models. A phase I, multicenter, double-blind study of the dose range was conducted to
assess the immunogenicity and safety of an adjuvanted liquid formulation of V710. A total of 124 adults (18 to 55
years of age) were randomized 1:1:1:1 to receive one 0.5-ml intramuscular injection of V710 (5 �g, 30 �g, or 90 �g)
or saline placebo. A positive immune response was defined as at least a 2-fold increase in IsdB-specific IgG levels
from baseline levels. Local and systemic adverse events were assessed for 5 and 14 days, respectively, following
vaccination. Positive immune responses were detected in 12 (67%) of the 18 subjects in the groups receiving 30 and
90 �g V710 tested at day 10. At day 14, a significantly greater proportion of subjects manifested a positive immune
response with higher geometric mean concentrations in the V710 30-�g (86%; geometric mean concentration of 116
�g/ml) and 90-�g (87%; geometric mean concentration of 131 �g/ml) dose groups than in the V710 5-�g (29%;
geometric mean concentration of 51 �g/ml) or placebo (4%; geometric mean concentration of 23 �g/ml) groups.
Immune responses were durable through day 84. Subjects <40 and >40 years of age had comparable immune
responses. The most common adverse events were injection-site pain, nausea, fatigue, and headache, usually of mild
intensity. No immediate reactions or serious adverse events were reported. In this first study of V710 in humans, a
single 30-�g or 90-�g dose was more immunogenic than the 5-�g dose or placebo. Immune responses were evident
by 10 to 14 days after vaccination in most responders.

Staphylococcus aureus causes a wide variety of infections
ranging from superficial soft-tissue infections to sepsis and
death (8, 15, 16, 19, 25, 30). The intact skin and mucous
membranes of healthy individuals are usually effective barriers
to staphylococci, but when these natural barriers are breached,
the risk of serious staphylococcal infection grows. S. aureus
infections appear to be increasing in both community and
hospital settings. Antibiotic susceptibility does not guarantee
successful outcomes in patients with serious S. aureus infec-
tions because of the intrinsic virulence of the organism and/or
the frailty of the host. Furthermore, even in community-ac-
quired infections, methicillin-resistant S. aureus (MRSA) is
becoming commonplace (5, 16, 19, 30, 34, 37). Multidrug-
resistant S. aureus has emerged as a real threat, especially
when associated with decreased susceptibility to vancomycin
(1, 2, 4, 6, 7, 9, 14, 20, 28, 38, 41). Resistance to newer anti-
staphylococcal antibiotics, such as linezolid and daptomycin, is
starting to appear (31–33, 36). Widespread antimicrobial re-
sistance has progressively limited safe and effective therapeutic
options and has led to renewed efforts to develop prophylactic
vaccines. A vaccine that protects against the large majority of

nosocomial and community-acquired S. aureus strains could
reduce the substantial morbidity and mortality associated with
these common infections (13, 22, 23, 26). However, the anti-
genic diversity of pathogenic S. aureus strains has complicated
and slowed vaccine development (10, 12, 17, 24, 27, 29, 40, 44).

To address an unmet need, a vaccine designated V710 that
contains a highly conserved immunogenic surface protein
called iron surface determinant B (IsdB) has been developed
by Merck. Several properties of IsdB make it an attractive
vaccine antigen (21, 42, 43). The protein is a member of the
well-characterized LPXG family of S. aureus surface-exposed
proteins, which ensures its accessibility by circulating antibod-
ies. In addition, the protein is highly conserved, as evidenced
by its expression in all of the �50 diverse S. aureus isolates
(including community and hospital MRSA strains) screened to
date. Preclinical studies in rats and rhesus monkeys have dem-
onstrated rapid immune responses to vaccination with V710
(21). Vaccine efficacy has been shown in murine models of
sepsis, deep-wound infection with dissemination, and catheter-
associated bacteremia. Protection from lethal infection corre-
lated with anti-IsdB antibody concentrations. This report de-
scribes the safety and immunogenicity results from the first
dose escalation trial of V710 in humans.

MATERIALS AND METHODS

Primary objectives. There were two primary objectives of this phase I study.
The immunogenicity objective was to evaluate the frequency and magnitude of
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serological immune responses generated 14 days following the administration of
V710 (for each of the three doses) relative to placebo. The safety objective was
to evaluate the tolerability of ascending doses of V710 versus placebo when
administered as a single intramuscular injection.

Study design. Merck V710 protocol 001 was a randomized, multicenter, dou-
ble-blind, placebo-controlled trial to evaluate increasing dosages (5 �g, 30 �g,
and 90 �g) of V710 in healthy adults. For this study, V710 was prepared as a
liquid formulation using Merck aluminum adjuvant in a single batch. Clinical
vaccine supplies of V710 were provided as single-dose vials and stored at the sites
at 2°C to 8°C. The placebo was sterile saline without adjuvant purchased from a
commercial distributor in individual-dose vials. Since the vaccine and placebo
had slightly different appearances, treatment-unblinded personnel at each study
site were responsible for handling clinical supply shipments and administering
vaccine or placebo to subjects by intramuscular injection into the deltoid muscle;
these unblinded individuals were not involved in any postvaccination assess-
ments.

Healthy adults between 18 and 55 years of age were eligible. Breast-feeding
women or women who were or might become pregnant during the study period
were excluded. Other exclusion criteria included any serious S. aureus infection
during the previous year, fever (�100.4°F) in the prior 48 h, receipt of a live-virus
vaccine during the last month, receipt of any vaccine in the preceding 2 weeks,
an underlying immunocompromising disorder, recent use of corticosteroids or
other immunosuppressive medications, chronic skin conditions, bleeding diathe-
sis, or active recreational drug use. The study was conducted in accordance with
principles of good clinical practice and was approved by the appropriate insti-
tutional review boards and regulatory agencies. Each participant signed an in-
formed-consent form prior to undergoing any study-related procedures.

The trial was divided into two enrollment stages: sequential dose-escalating
stage A followed by open-enrollment stage B. For each stage, subjects were
randomly assigned to a vaccine or placebo group according to a computer-
generated randomized allocation schedule. In each part of stage A, safety was
successively assessed in 12 subjects randomized in a 3:1 ratio of V710 to placebo,
starting with a 5-�g dose, then a 30-�g dose, and finally a 90-�g dose of vaccine
for 14 days following the receipt of vaccine or placebo. Before enrollment could
commence in the next higher-dose period in stage A, safety data at the lower
dose had to be reviewed and approved by a Safety Evaluation Committee com-
posed of representatives of the industry sponsor and independent experts. Fol-
lowing the completion of all three parts of stage A, all accumulated safety data
were again evaluated by the Safety Evaluation Committee. Only after the safety
results from stage A were deemed acceptable did enrollment in stage B com-
mence. In stage B, subjects were randomized in a 1:1:1:1 ratio to one of the three
dose strengths of V710 or placebo. A total of at least 84 patients (21 per group)
were targeted for enrollment in stage B. Enrollment in stage B was stratified by
age (18 to 39 years versus 40 to 55 years), with approximately equal numbers of
subjects planned for the two age strata.

Immunogenicity evaluation. Antibody concentrations were assayed by an IsdB
enzyme-linked immunosorbent assay of blood collected at screening (prevacci-
nation) and on days 7, 14, 28, 56, and 84 following vaccination (21). Blood was
also collected at postvaccination days 3 and 10 from subjects in stage A. The
primary immunogenicity time point was day 14. Sera were analyzed for IsdB-
specific antibodies using a total IgG assay on a Luminex (Austin, TX) platform.

Safety evaluation. Subjects were observed for 30 min after vaccination for
immediate reactions. Local adverse events at the injection site and body tem-
perature were monitored for 5 days following vaccination. Data for systemic
adverse events were collected for 14 days following vaccination. Subjects were
asked to record body temperatures and local (injection-site) reactions for days 1
to 5 and other (systemic) adverse events for days 1 to 14 on a standardized
vaccination report card, which prompted subjects about four specific symptoms
(nausea, headache, myalgia, and fatigue). Deaths from any cause and vaccine-
related serious adverse events were to be reported for the entire 84-day duration
of the study. Blood and urine were collected from subjects during stage A both
at screening (prevaccination) and on postvaccination day 7 for blood counts, liver
and renal function tests, and urinalysis.

Statistical analyses. All vaccinated subjects without serious protocol violations
were included in the per-protocol immunogenicity analyses. Serious protocol
violations were defined as high baseline anti-IsdB IgG concentrations (�142
�g/ml), concomitant vaccination(s), or missing data. Immunogenicity measure-
ments assessed at all time points for each treatment group included the propor-
tion of subjects with a �2-fold rise in the antibody concentration from the
baseline (defined as a “positive” immune response based on an estimate of assay
variability derived from a validation study), geometric mean concentrations, and
geometric mean fold rises in antibody concentrations from the baseline. The

proportion of subjects with a �4-fold increase in antibody concentration from
the baseline was also calculated at day 14 for each treatment group.

To evaluate the primary immunogenicity hypothesis that positive immune
responses on day 14 would be higher in at least one vaccine group than in the
placebo group, differences in the proportions of subjects in the per-protocol
immunogenicity analyses with positive immune responses on day 14 postvacci-
nation between the placebo group and each of the three V710 dose groups were
assessed for statistical significance sequentially (starting with the highest potency
compared with placebo) using the normal approximation for testing of two
independent binomial proportions (one-tailed � � 0.025). V710 was to be
deemed immunogenic relative to placebo if a dose was identified that had a
response proportion statistically higher than that of placebo. Serious protocol
violators were excluded from the per-protocol immunogenicity analysis, and no
adjustment was made for missing data.

To compare the relative immunogenicities of the three V710 doses, differences
in immune response rates and fold differences in geometric mean antibody
concentrations (with corresponding 95% confidence intervals [CIs]) were calcu-
lated between the 5-�g and 30-�g groups, the 5-�g and 90-�g groups, and the
30-�g and 90-�g groups. To address possible differences in V710 immunogenic-
ity between the two age strata, response rates and geometric mean concentra-
tions were summarized by treatment group for subjects 18 to 39 years of age and
for subjects 40 to 55 years of age. Analyses of fold differences in geometric mean
concentrations after vaccination were adjusted for the baseline concentration
using an analysis of covariance model.

All vaccinated subjects were included in the safety analysis. Any adverse event
judged to be possibly, probably, or definitely related to the vaccine was tallied as
a vaccine-related adverse event. The incidence of vaccine-related serious adverse
events during the entire 84-day postvaccination study period with the corre-
sponding 95% CI was summarized for each treatment group. No formal hypoth-
esis testing was specified per protocol with regard to between-group comparisons
of frequencies of adverse events. The intensity of injection-site reactions was
graded by the investigator as being mild, moderate, or severe.

RESULTS

Subject accounting and demographics. Subjects were en-
rolled at six sites across the United States. Overall, 36 subjects
were randomized in the three sequential enrollment periods of
stage A, followed by 88 subjects randomized in stage B (Fig. 1).
Eight subjects were excluded from entry, including seven cases
that involved a clinical or laboratory abnormality at screening.

All 124 enrolled subjects were randomized and vaccinated.
A total of 119 (96%) of the 124 vaccinated subjects completed
the trial through postvaccination day 84. Five subjects discon-
tinued the study: three were lost to follow-up (one V710 5-�g
recipient and two placebo recipients), and two relocated (one
each in the V710 5-�g and V710 90-�g groups). There were no
deaths during the study. No subject discontinued the study
because of an adverse event. Six subjects were excluded from
the per-protocol immunogenicity analysis at day 14 because of
serious protocol violations, including high baseline concentra-
tions (n � 2), concomitant vaccinations (n � 1), or missing
data (n � 3).

For the most part, demographic characteristics were com-
parably distributed across the four treatment arms (Table 1).
Approximately equal numbers of subjects were entered into
the prespecified age strata of 18 to 39 years (n � 65 [52%]) and
40 to 55 years (n � 59 [48%]). Eighteen (15%) subjects were
�50 years old. A large majority of vaccinated subjects in each
group were white (range, 58% to 77%), although a greater
proportion of black subjects were randomized to the 5-�g
(29%) and 30-�g (29%) V710 groups than to the 90-�g V710
(12%) and placebo (13%) groups.

Immunogenicity results. Positive immune responses were
not detected in any of the 29 V710 recipients across the three
vaccine dose groups or in the seven placebo recipients tested
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on postvaccination day 3 during stage A (Fig. 2A). Immune
responses became evident as early as day 7 in a small minority
of V710 recipients, including 4/28 (14%) and 10/33 (33%)
subjects in the 30- and 90-�g V710 groups, respectively. Of the
18 subjects in the 30- and 90-�g V710 groups tested on post-
vaccination day 10, 12 (6 of 9 [67%] in each group) had positive
immune responses at that time. At the primary immunogenic-
ity time point (day 14 postvaccination), a similar proportion of
subjects manifested positive immune responses in the V710 30-
and 90-�g groups (86% and 87%, respectively), which were
statistically superior to responses achieved in the V710 5-�g
group and placebo groups (29% and 4%, respectively) (one-
tailed P value of �0.025 for each pairwise comparison) (Table
2). Likewise, the absolute geometric mean concentration and
its fold increase from baseline at postvaccination day 14 were
higher for the V710 30- and 90-�g groups than those achieved
for the V710 5-�g group and placebo groups. Antibody con-
centrations at day 14 were numerically higher than those at day
7 in all V710 dose groups. The magnitude of the immune
responses persisted from day 14 through day 84 without much
change (Fig. 2B). The immunogenicity profiles were compara-
ble among the younger (18 to 39 years of age) and older (40 to
55 years of age) cohorts of subjects (Table 3).

FIG. 1. Subject accounting and disposition. All enrolled patients were randomized and vaccinated. All vaccinated patients were included in the
safety analysis. There were no deaths during the study period. A total of 119 (96%) of the 124 vaccinated subjects completed the trial through
postvaccination day 84. Of the five subjects who discontinued the study, three were lost to follow-up (one V710 5-�g recipient and two placebo
recipients), one moved (a V710 5-�g recipient), and one joined the Army Reserve (a V710 90-�g recipient). No subject discontinued the study
because of an adverse event. Six subjects (three each in the V710 90-�g and placebo groups) were excluded from the per-protocol immunogenicity
analysis at day 14 because of serious protocol violations (including high baseline antibody concentration in two subjects, concomitant vaccination[s]
in one subject, and missing data for three subjects).

TABLE 1. Demographic characteristics of vaccinated subjectsa

Characteristic

No. (%) for group

V710 5 �g
(n � 31)

V710 30 �g
(n � 28)

V710 90 �g
(n � 34)

Placebo
(n � 31)

Gender
Male 18 (58) 7 (25) 18 (53) 13 (42)
Female 13 (42) 21 (75) 16 (47) 18 (58)

Age (yr)b

18–29 10 (32) 5 (18) 8 (24) 10 (32)
30–39 7 (23) 8 (29) 12 (35) 5 (16)
40–49 11 (36) 8 (29) 11 (32) 11 (36)
50–55 3 (10) 7 (25) 3 (9) 5 (16)

Race or ethnicity
White 18 (58) 19 (68) 26 (77) 21 (68)
Black 9 (29) 8 (29) 4 (12) 4 (13)
Asian 3 (10) 0 (0) 1 (3) 3 (10)
Hispanic 1 (3) 1 (4) 2 (6) 0 (0)
Native American 0 (0) 0 (0) 0 (0) 2 (7)
Multiracial 0 (0) 0 (0) 1 (3) 1 (3)

a All randomized subjects received vaccine or placebo.
b Enrollment was stratified in stage B by ages of �40 and �40 years.
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Safety results. No subject experienced an immediate post-
vaccination reaction, a documented temperature of �99.9°F
(�37.7°C) during the 5 days following vaccination, or a serious
adverse event at any time during the study. The most common
vaccine-related adverse events were injection-site pain and
headache (Table 4), all of which were judged to be of mild or
moderate intensity. Injection-site pain and headache were each

more frequent in V710 recipients than placebo recipients. Of
the 18 subjects reporting headache in the three V710 groups,
13 cases were mild and 5 cases were moderate in intensity. Of
the four subjects reporting headache in the placebo group, one
case was mild and three cases were moderate in intensity.
Similarly, of the 46 subjects reporting injection-site pain in the
three V710 groups, 44 cases were mild and 2 cases were mod-

FIG. 2. Proportion of subjects with a positive immune response (A) and geometric mean concentrations of IsdB-specific IgG (B) over time. All
vaccinated patients without serious protocol violations were included in these analyses. No missing data were imputed. Bars at day 14 represent
95% confidence intervals.
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erate in intensity. Of the seven subjects with injection-site pain
in the placebo group, all cases were mild in intensity. The most
common systemic adverse events (fatigue, headache, myalgia,
and nausea) were evenly distributed over the V710 dose and
placebo groups. The frequencies of adverse events were com-
parable for the younger and older cohorts of subjects.

None of the laboratory abnormalities detected in 7 (19%) of
the 36 subjects tested during stage A on day 7 were graded as
being more than mild toxicity on a predefined scale. Four
(11%) subjects developed laboratory adverse events consid-
ered to be possibly vaccine related by the investigator: de-
creased hemoglobin concentration (one subject in the 5-�g
V710 group), increased serum alkaline phosphatase level (two
subjects in the 90-�g V710 group), and increased urinary pro-
tein level (one subject in the placebo group).

DISCUSSION

V710 protocol 001 represents the first trial for the Merck IsdB
S. aureus vaccine in humans. Preclinical studies in rats and rhesus
macaques indicated that V710 had the potential to provide rela-
tively rapid protection against a broad spectrum of S. aureus
isolates (21). In addition, no safety signals with the vaccine were
identified in animal toxicology studies. This initial phase I study
was conducted with the expressed purpose to assess the immu-
nogenicity, safety, and tolerability of the adjuvanted liquid formu-
lation of V710 in healthy adults between 18 and 55 years of age.

V710 was immunogenic following a single vaccination with
all three dosages evaluated (5 �g, 30 �g, or 90 �g). In a small

subset of 36 subjects tested on postvaccination day 3, none
developed positive immune responses (as defined by a �2-fold
increase in IsdB-specific IgG concentrations relative to base-
line concentrations). Only a minority of subjects developed
positive immune responses by day 7. For the 36 subjects tested
on day 10, the majority of subjects given the two higher V710
doses exhibited positive immune responses. Most subjects re-
ceiving the higher two doses of V710 had positive immune
responses at day 14. Significantly more subjects manifested a
positive immune response and achieved higher geometric
mean antibody concentrations with the 30- and 90-�g doses
than with the 5-�g dose or placebo by postvaccination day 14.
Antibody titers in subjects receiving the higher doses of vaccine
were comparable to levels achieved in the preclinical studies
with rhesus macaques (21). Subsequent to day 14, immune
response rates and antibody concentrations remained rela-
tively stable throughout the course of the study to day 84. V710
generated immune responses in the older cohort of subjects
(40 to 55 years of age) that were at least comparable to those
noted for the younger cohort of subjects (18 to 39 years of age).
Serious adverse events were not encountered, although mild-
to-moderate injection-site reactions and constitutional symp-
toms (primarily headache) were seen in vaccine recipients.
Because the placebo did not contain an adjuvant, the observed
increase in the frequency of pain at the injection site in the
vaccine groups (which was comparable across doses) relative to
the placebo group could be a consequence of the adjuvant
and/or the protein antigen.

TABLE 2. Immunogenicity results at the primary time point (day 14 postvaccination)

Dose group

�2-fold increase in antibody concn from
baseline (positive response)a

�4-fold increase in antibody concn from
baselinea Geometric mean

antibody concn
(�g/ml)

(95% CI)

Geometric mean
fold rise in

antibody concn
from baseline

(95% CI)

No. of subjects/no.
of vaccinated

subjects

% of
subjects 95% CI

No. of subjects/no.
of vaccinated

subjects

% of
subjects 95% CI

V710 (5 �g) 9/31 29 14, 48 3/31 10 2, 26 51 (39, 66) 1.8 (1.4, 2.2)
V710 (30 �g) 24/28 86 67, 96 15/28 54 34, 72 116 (90, 149) 4.4 (3.3, 5.7)
V710 (90 �g) 27/31 87 70, 96 22/31 71 52, 86 131 (101, 170) 5.5 (4.0, 7.5)
Placebo 1/28 4 0, 18 1/28 4 0, 18 23 (16, 34) 1.0 (0.9, 1.2)

a Shown are the numbers of subjects with the specified increase in antibody concentration and the numbers of vaccinated subjects in the corresponding treatment
group.

TABLE 3. Antibody responses by prespecified age groupings at day 14 postvaccination

Age group (yr) and parameter
Value for group (95% CI)

V710 5 �g (n � 31) V710 30 �g (n � 28) V710 90 �g (n � 31) Placebo (n � 28)

18–39
% of subjects with �2-fold rise in

antibody concn (positive response)
29 (10, 56) 85 (55, 98) 78 (52, 94) 8 (0, 36)

Geometric mean antibody concn (�g/ml) 47 (33, 67) 113 (74, 172) 116 (79, 169) 37 (24, 57)
Geometric mean fold rise in antibody

concn from baseline
1.7 (1.4, 2.0) 3.4 (2.5, 4.6) 4.8 (3.0, 7.9) 1.1 (0.8, 1.6)

40–55
% of subjects with �2-fold rise in

antibody concn (positive response)
29 (8, 58) 87 (60, 98) 100 (75, 100) 0 (0, 22)

Geometric mean antibody concn (�g/ml) 55 (35, 88) 119 (84, 168) 156 (110, 223) 15 (9, 27)
Geometric mean fold rise in antibody

concn from baseline
2.0 (1.2, 3.1) 5.4 (3.5, 8.5) 6.6 (4.4, 9.7) 0.9 (0.8, 1.0)
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Vaccine strategies to prevent S. aureus infections may need
to be tailored to the specific population at risk. High-risk
groups include dialysis and cancer patients with chronic in-
dwelling catheters, recipients of prosthetic valves or joints, and
patients recovering from cardiothoracic or other major surgery
(3, 15, 25, 45). The peak risk period for cardiac surgical pa-
tients is limited to the intra- and postoperative periods,
whereas the risk is indefinitely ongoing for dialysis patients
with end-stage renal disease. A vaccine containing S. aureus
type 5 and 8 capsular polysaccharides conjugated to nontoxic
recombinant Pseudomonas aeruginosa exotoxin A (StaphVAX;
Nabi Biopharmaceuticals, Arlington, VA) conferred partial
short-term protection for approximately 40 weeks against S.
aureus bacteremia in patients undergoing hemodialysis in an
initial study (39, 40); however, a larger subsequent study failed
to demonstrate any protection at this same time point (S.
Deresinski, presented at the 12th International Symposium
on Staphylococci and Staphylococcal Infections, Cairns, Aus-
tralia, 7 to 10 September 2008 [jeny.ipro.org/attachment
.php?attachmentid�4692&d�1276005061]). An appropriately
powered efficacy study is under way to confirm that V710 can
induce relatively rapid immune responses and provide protec-
tion against serious S. aureus infections following single-dose
vaccination in an at-risk population. The antibody concentra-
tions against IsdB necessary for reliable protection from seri-
ous infections need to be better established (10, 27, 29, 44).
The role and effectiveness of booster doses in patients at
chronic risk for S. aureus infections remain to be elucidated
(11). The possible impact of vaccination on mucocutaneous
colonization has not been examined to date (3, 18, 35, 45). The
contributions of the adjuvant to immunogenicity and tolerabil-
ity cannot be established from these data.

Our findings imply that adjuvanted V710 could provide
meaningful protection within 2 weeks of vaccination for pa-
tients anticipated to have a definable finite period of high risk
for developing an S. aureus infection in the near term. Anti-

bodies were detected by 7 to 14 days after vaccination in
healthy subjects and persisted for at least 84 days. No differ-
ences in the safety profiles of the two higher-V710-dose groups
were identified, and both the 30-�g and 90-�g dosages of V710
generated generally similar immune response rates and anti-
body concentrations, affording an opportunity to select a dose
for future clinical trials that is well bracketed in terms of safety
and immunogenicity.
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