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Bacteremia is the second leading cause of death in patients with end-stage renal disease who are on hemodialysis. A vaccine elic-
iting long-term immune responses against Staphylococcus aureus in patients on chronic hemodialysis may reduce the incidence
of bacteremia and its complications in these patients. V710 is a vaccine containing iron surface determinant B (IsdB), a highly
conserved S. aureus surface protein, which has been shown to be immunogenic in healthy subjects. In this blinded phase II im-
munogenicity study, 206 chronic hemodialysis patients between the ages of 18 and 80 years old were randomized to receive 60 �g
V710 (with or without adjuvant), 90 �g V710 (with adjuvant), or a placebo in various combinations on days 1, 28, and 180. All
201 vaccinated patients were to be followed through day 360. The primary hypothesis was that at least 1 of the 3 groups receiving
2 V710 doses on days 1 and 28 would have a >2.5 geometric mean fold rise (GMFR) in anti-IsdB IgG titers over the baseline 28
days after the second vaccination (day 56). At day 56, all three groups receiving 2 doses of V710 achieved a >2.5 GMFR in anti-
IsdB antibodies compared to the baseline (P values of <0.001 for all 3 groups), satisfying the primary immunogenicity hypothe-
sis. None of the 33 reported serious adverse experiences were considered vaccine related by the investigators. V710 induced sus-
tained antibody responses for at least 1 year postvaccination in patients on chronic hemodialysis.

Infections account for almost 14% of deaths in patients with
end-stage renal disease (ESRD) (2, 4, 12, 15, 19, 21). As a result

of the considerable morbidity, mortality, and economic toll of
Staphylococcus aureus infections in dialysis patients, a well-toler-
ated S. aureus vaccine that provides long-term protection in ESRD
patients may have a substantial public health impact (2, 3, 4, 12,
15, 17, 19, 21).

Iron surface determinant B (IsdB) is a cell surface protein of S.
aureus involved in extracellular binding of iron (14). IsdB is
thought to enhance bacterial virulence. This polypeptide was cho-
sen as a vaccine candidate because its cell surface expression makes
it accessible to opsonic antibodies and the protein is highly con-
served in S. aureus isolates from diverse clinical and taxonomical
backgrounds with differing resistance patterns (11, 17).

V710 contains a recombinant IsdB shown to be immunogenic
against S. aureus in murine and primate models (11) as well as in
healthy human volunteers (8, 9). However, it has not been studied
in patients at high risk for S. aureus infections who have sup-
pressed immune systems. Because immune responses to a vaccine
may be altered by immunosuppression, it is important to ensure
that immunogenicity in immunocompromised patients is similar
to that observed in healthy subjects.

We report the first study to demonstrate the immunogenicity
and safety of V710 in patients with ESRD who are on chronic
hemodialysis, an at-risk population with clinically meaningful im-
munosuppression.

MATERIALS AND METHODS
Patients. Men and nonpregnant women aged 18 to 80 years with ESRD
who were on chronic hemodialysis via one of a variety of access sites
(including native-vessel fistula, synthetic/heterologous graft, or dual-

lumen cuffed catheter) and who had a Karnofsky score of �50 were
eligible. Pertinent exclusion criteria included known or suspected im-
munologic impairment (beyond ESRD), anticipated renal transplan-
tation within 180 days of study entry, serious S. aureus infection in the
previous 12 months, an oral-equivalent temperature of �100.4°F
(�38.0°C) in the 48 h before vaccination, previous vaccination with
V710, vaccination with a live-virus vaccine within 30 days before the
study vaccination or anticipated vaccination with a live-virus vaccine
within 60 days following study entry, any other vaccination within 14
days of the study vaccination or anticipated vaccination within 60 days
following study entry (except for influenza and hepatitis B vaccines,
which were prohibited only from 7 days before to 15 days after each
study injection), and systemic corticosteroid (prednisone equivalent
dose of �20 mg daily) or other immunosuppressive therapy or biolog-
ical agents within 14 days of the study vaccination or anticipated ad-
ministration of such medications within 60 days of study entry.

All patients gave written informed consent prior to participation. The
study was conducted in accordance with the principles of the Declaration
of Helsinki and good clinical practices and was approved by the appropri-
ate institutional review boards and regulatory agencies.

Study design. This 1-year, randomized, blinded, placebo-controlled
study of adults with ESRD who were on chronic hemodialysis (Merck
protocol 005, ClinicalTrials.gov registration number NCT00572910) was
conducted at 12 centers in the United States from 25 August 2008 to 28
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January 2010. Eligible patients were randomized in a 2:2:2:2:2:1 ratio to 1
of 5 experimental groups to receive at least 1 dose of V710 (groups 1 to 5)
or to 1 control group receiving saline placebo only (group 6) (Fig. 1). All
patients received their priming doses on day 1 and day 28, with a booster
dose (equally divided between V710 and placebo) on day 180. For data
presentation in this paper, each group is described by the 3 doses received
on days 1, 28, and 180 (for example, 60 �g/60 �g/60 �g represents group
1a, who received 3 60-�g doses of V710).

V710 was supplied as a lyophilized product in a glass vial and was
reconstituted with either 0.45% saline or amorphous aluminum hydroxy-
phosphate sulfate adjuvant (AAHSA), depending on the treatment group.
Because of the differences in appearance between the lyophilized V710
solution and the saline placebo, an unblinded member of the study site
staff prepared and administered vaccine or placebo but had no further
involvement with any subsequent study procedure, including safety fol-
low-up. All other individuals involved with the study, including investi-
gators, participants, and the clinical monitors and statisticians employed
by the sponsor, remained blinded to treatment group throughout the

study. Randomization and allocation were assigned using an interactive
voice response system. Numbered packaging was used to implement al-
location.

Immunogenicity. Sera were assayed for IsdB-specific IgG antibod-
ies using the Luminex multianalyte profiling platform. Samples were
collected at day 1 (prevaccination), day 28 (prevaccination), and days
56, 84, 180 (prevaccination), 210, 270, and 360 after the initial vacci-
nation. Specimens were drawn before or within the first hour of he-
modialysis when hemodialysis coincided with a study visit.

Immunogenicity was evaluated as the geometric mean fold rise
(GMFR) over baseline and the geometric mean concentration (GMC)
of anti-IsdB IgG. The primary immunogenicity endpoint was �2.5
GMFR over baseline in anti-IsdB IgG titers 28 days after the second
vaccination (i.e., day 56) in groups receiving 2 doses of 60 or 90 �g of
V710 (i.e., groups 1, 3, and 5). The threshold of 2.5 GMFR represents
a value exceeding assay and routine biological variability so that a
change of this magnitude or greater is a reliable index of immunoge-
nicity (even if not necessarily a marker for clinical protection). The

FIG 1 Patient groups and dosing regimens. AAHSA, amorphous aluminum hydroxyphosphate sulfate adjuvant.
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criterion was empirically derived from the observed within-subject
variability and maximum longitudinal fluctuations in titers among
control subjects in earlier studies (7, 8).

Secondary endpoints included (i) �2.5 GMFR 28 days after the first
vaccination of 60 or 90 �g of V710 (groups 1 and 2 combined, groups 3
and 4 combined, and group 5), (ii) �2.0 GMFR 180 days after the first
vaccination of 60 or 90 �g of V710 in groups receiving 2 active doses
(groups 1, 3, and 5), and (iii) �2.5 GMFR 56 days after a single vaccina-
tion of 60 �g of V710 (groups 2 and 4).

Exploratory endpoints included the kinetics and durability of the im-
mune response assessed by GMFRs and GMCs over time, comparisons be-
tween 60- and 90-�g doses of V710, and immunogenicity of 60 �g V710 with
and without AAHSA. For a subset of patients in each group, preimmune and
28-day postvaccination sera were tested for opsonophagocytic antibody (16);
bactericidal activity was not assessed.

Safety and tolerability. Patients were monitored for 30 min after
each vaccination for immediate reactions. Patients recorded the fol-
lowing on vaccination report cards after each vaccination: oral tem-
peratures and injection site reactions for 5 days, all systemic and local
adverse events (AEs) for 14 days, and concomitant medications and
non-study vaccinations for 14 days. Report cards were collected and
reviewed by study personnel 14 days after each vaccination. Fever was
defined as any oral temperature �100.4°F (�38.0°C); documented or
subjective fever within 14 days of vaccination was to be reported as an
AE.

Safety parameters included all serious AEs and systemic AEs for 14
days following each vaccination, injection site AEs for 5 days following
each vaccination, and body temperatures for 5 days following each vacci-
nation. To provide an overall safety assessment, vaccine-related serious
AEs, serious AEs leading to death, and serious AEs involving S. aureus
infection were assessed for the entire study duration.

An independent safety evaluation committee reviewed all unblinded
safety data once at least 50% of patients had received each of the first,
second, and third vaccinations to determine whether enrollment should
continue in a given treatment group.

Statistical methods. The primary hypothesis was that at least 1 of
the 3 groups receiving 2 doses of V710 (i.e., groups 1, 3, and 5) would

have a �2.5-fold rise from the baseline in anti-IsdB IgG titers (i.e., the
lower bound of the 95% confidence interval [CI] of the GMFR would
be �2.5 times the baseline titers) 28 days after the second vaccination
(i.e., day 56). GMFR was analyzed using a linear mixed longitudinal
model that included baseline and postbaseline natural-log-trans-
formed antibody titers as response variables. Repeated measures in-
cluded terms for treatment, time, the interaction of time and treat-
ment, and age (�50 years and �50 years). The primary analysis was
based on the per-protocol population, defined as subjects who were
followed for 56 days postvaccination and did not develop an S. aureus
infection during this time frame. Patients who missed vaccinations
were not included in serology analysis at time points after the missed
vaccinations. For patients who developed S. aureus infection after
day 56, serology data collected at a visit right before or any time sub-
sequent to infection onset were also excluded from immunogenicity
analyses.

A step-down procedure was used to account for multiple comparisons
among treatment groups and endpoints. Group 5 was tested first (1-sided
� � 0.025), and if significant, testing proceeded to groups 1 and 3, which
were tested using Hochberg’s approach. Both groups were first tested
using a 1-sided � of 0.025. If both tests were significant or nonsignificant,
testing was complete. If only one test was significant, that group was re-
tested at a 1-sided � of 0.0125.

Each of the secondary immunogenicity analyses were controlled indi-
vidually for type I errors at 0.025 in the same manner as for the primary
immunogenicity analysis. No multiplicity adjustments were made for the
safety comparisons.

All patients who were vaccinated and who had follow-up safety data
were included in the safety summaries. Only descriptive statistics without
formal between-group comparisons were computed.

Assuming GMFRs at day 56 of 5.0 in group 1, 5.0 in group 3, and 6.0 in
group 5 and a standard deviation of log (fold rise) of 1.0, 34 evaluable
patients (i.e., in the per-protocol population) in each of these groups
would provide �99% power to detect a GMFR of �2.5 at day 56 (1-sided
� � 0.025) for group 5 and �99% power for groups 1 and 3, with a global
power of �97.9%.

TABLE 1 Patient characteristics

Characteristica

Value for each group (no. of patients in each group)b

1a (18) 1b (18) 2a (19) 2b (18) 3a (19) 3b (19) 4a (19) 4b (18) 5a (19) 5b (19) 6 (18)

Male 10 (52.6) 14 (77.8) 12 (63.2) 10 (55.6) 12 (63.2) 7 (36.8) 11 (57.9) 13 (68.4) 12 (63.2) 10 (56.2) 11 (61.1)
Age

Mean (yr) (SD) 55.8 (9.4) 56.4 (12.4) 52.7 (15.6) 51.3 (16.8) 52.6 (13.0) 60.1 (11.1) 60.4 (12.0) 56.6 (8.4) 56.5 (17.0) 51.6 (15.7) 52.3 (14.4)
Range (yr) 35–75 33–79 30–79 21–78 33–78 39–75 33–79 41–70 27–80 28–75 22–80
No. aged �50 6 (31.6) 4 (22.2) 8 (42.1) 6 (33.3) 10 (52.6) 4 (21.1) 2 (10.5) 3 (15.8) 10 (52.6) 4 (21.1) 2 (10.5)

Race or ethnicity
American Indian or Alaska native 1 (5.3) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Asian 0 (0.0) 2 (11.1) 0 (0.0) 1 (5.6) 0 (0.0) 1 (5.3) 1 (5.3) 0 (0.0) 1 (5.3) 0 (0.0) 0 (0.0)
Black or African American 12 (63.2) 10 (55.6) 8 (42.1) 9 (50) 12 (63.2) 10 (52.6) 11 (57.9) 9 (47.4) 7 (36.8) 11 (57.9) 7 (38.9)
Multiracial 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (5.3) 0 (0.0) 0 (0.0) 0 (0.0) 1 (5.3) 2 (10.5) 0 (0.0)
Native Hawaiian or other Pacific Islander 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (5.3) 0 (0.0) 0 (0.0) 1 (5.3) 0 (0.0) 0 (0.0) 0 (0.0)
White 6 (31.6) 6 (33.3) 11 (57.9) 8 (44.4) 5 (26.3) 8 (42.1) 7 (36.8) 9 (47.4) 10 (52.6) 6 (31.6) 11 (61.1)
Hispanic or Latino 4 (21.1) 4 (22.2) 8 (42.1) 0 (0.0) 6 (31.6) 5 (26.3) 1 (5.3) 6 (31.6) 9 (47.4) 4 (21.1) 7 (38.9)

Mean Karnofsky score (SD) 76.1 (9.2) 82.2 (10.6) 83.2 (8.2) 80.0 (12.8) 79.5 (10.3) 80.5 (12.2) 81.1 (4.6) 79.5 (9.1) 72.6 (10.5) 80.5 (12.7) 80.6 (10.0)
Mean time on dialysis (mos) (SD) 85.3 (78.0) 58.8 (69.8) 39.2 (35.0) 30.9 (25.8) 44.5 (47.3) 38.2 (55.4) 26.8 (23.6) 44.7 (42.8) 59.6 (72.3) 47.3 (49.7) 50.4 (66.9)
Mean time on hemodialysis (mos) (SD) 85.3 (78.0) 55.5 (68.1) 38.6 (34.3) 30.9 (25.8) 43.9 (47.2) 31.1 (43.6) 26.3 (24.0) 42.2 (38.6) 59.6 (72.3) 42.9 (42.7) 45.7 (63.6)
Type of hemodialysis access

Dual-lumen cuffed catheter 3 (15.8) 5 (27.8) 1 (5.3) 5 (27.8) 3 (15.8) 3 (15.8) 6 (31.6) 2 (10.5) 2 (10.5) 8 (42.1) 4 (22.2)
Native-vessel fistula 14 (73.7) 9 (50.0) 15 (78.9) 12 (66.7) 11 (57.9) 13 (68.4) 10 (52.6) 14 (73.7) 15 (78.9) 9 (47.4) 13 (72.2)
Synthetic/heterologous graft 1 (5.3) 4 (22.2) 3 (15.8) 1 (5.6) 5 (26.3) 3 (15.8) 3 (15.8) 3 (15.8) 2 (10.5) 2 (10.5) 1 (5.6)

Mean baseline GMC (�g/ml) (SD) 22.7 (2.6) 21.8 (2.9) 36.3 (2.3) 24.6 (3.1) 26.9 (2.7) 33.7 (2.7) 35.2 (2.4) 27.1 (2.4) 24.4 (2.5) 25.0 (2.1) 30.3 (2.0)

a Values are n (% of total) unless indicated otherwise. SD, standard deviation.
b Group 1a, 60 �g/60 �g/60 �g; group 1b, 60 �g/60 �g/PBO; group 2a, 60 �g/PBO/60 �g; group 2b, 60 �g/PBO/PBO; group 3a, 60 �g (�)/60 �g (�)/60 �g (�); group 3b, 60 �g
(�)/60 �g (�)/PBO; group 4a, 60 �g (�)/PBO/60 �g (�); group 4b, 60 �g/PBO/PBO; group 5a, 90 �g (�)/90 �g (�)/90 �g (�); group 5b, 90 �g (�)/90 �g (�)/PBO; group 6,
PBO/PBO/PBO; �, formulation contains amorphous aluminum hydroxyphosphate sulfate adjuvant; PBO, placebo.
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RESULTS
Patients. Of the 206 randomized patients, slightly more than half
were men (59.2%) and half were black (51.5%) (Table 1). The
mean age was 55.2 years (median, 56.0 years), and 69.4% of sub-

jects were �50 years of age. The mean Karnofsky score was 79.6.
Patient demographics were generally comparable across the small
treatment groups. The mean length of time on hemodialysis was
45.5 months (median, 24.0 months), and most patients (65.5%)

FIG 2 Patient accounting. AAHSA, amorphous aluminum hydroxyphosphate sulfate adjuvant; D/C, discontinued; F/U, follow-up; N/A, not applicable; PBO,
placebo.

TABLE 2 Primary and key secondary immunogenicity resultsa

Time point and dosing regimen (group no.) N n GMFR (95% CI) P value

28 days after 2nd vaccination (primary endpoint, day 56)
90 �g (�AAHSA)/90 �g (�AAHSA) (group 5) 36 31 17.8 (13.0, 24.3) �0.001
60 �g (�AAHSA)/60 �g (�AAHSA) (group 3) 37 33 15.1 (11.0, 20.8) �0.001
60 �g/60 �g (group 1) 36 32 18.9 (13.7, 26.1) �0.001
PBO/PBO (group 6) 18 16 1.1 (0.9, 1.4) N/A

28 days after 1st vaccination (day 28)
90 �g (�AAHSA) (group 5) 36 35 12.9 (8.8, 18.8) �0.001
60 �g (�AAHSA) (groups 3 and 4) 74 68 12.9 (9.8, 16.9) �0.001
60 �g (groups 1 and 2) 73 68 11.9 (9.0, 15.6) �0.001
PBO/PBO (group 6) 18 16 1.2 (0.9, 1.5) N/A

56 days after a single vaccination (day 56)
60 �g (�AAHSA)/PBO (group 4) 37 34 11.8 (8.6, 16.1) �0.001
60 �g/PBO (group 2) 37 32 9.6 (7.1, 13.1) �0.001
PBO/PBO (group 6) 18 16 1.1 (0.9, 1.4) N/A

180 days after first vaccination of a 2-dose regimen (day 180)
90 �g (�AAHSA)/90 �g (�AAHSA) (group 5) 36 28 7.6 (5.5, 10.6) �0.001
60 �g (�AAHSA)/60 �g (�AAHSA) (group 3) 37 32 5.7 (4.2, 7.9) �0.001
60 �g/60 �g (group 1) 36 30 8.5 (6.2, 11.8) �0.001
PBO/PBO (group 6) 18 14 1.0 (0.8, 1.3) N/A

a PBO values are observed values; no formal statistical analysis was planned or performed. Values for the V710 treatment groups were based on a repeated-measures model
adjusting for age at vaccination and baseline antibody level. N, number vaccinated at baseline; n, number contributing to analysis; GMFR, geometric mean fold rise from baseline;
CI, confidence interval; AAHSA, amorphous aluminum hydroxyphosphate sulfate adjuvant; PBO, placebo; N/A, not applicable.

Moustafa et al.

1512 cvi.asm.org Clinical and Vaccine Immunology

http://cvi.asm.org


had native-vessel fistulae. Compared to other groups, the median
length of any type of dialysis at baseline was slightly higher in
groups 1a and 1b and slightly lower in groups 3b and 4a.

A total of 201 patients (98%) received at least 1 dose of V710 or
placebo, 196 (95%) received 2 doses, 173 (84%) received all 3
doses, and 168 (82%) completed the study (Fig. 2). The most
common reason for study discontinuation was an AE (8.3%),
which occurred at similar rates across treatment groups. A total of
109 patients received V710 for the first 2 vaccinations, 19 of which
were excluded from the per-protocol population for the primary
immunogenicity analysis. The most common reason for exclusion
was corticosteroid use (5 [2.5%]). All 201 patients who received at
least 1 vaccination were included in the safety analysis.

Immunogenicity. For the primary efficacy endpoint at 28 days
after the second vaccination, the GMFR in anti-IsdB IgG titers was
�2.5 times the baseline level in all 3 groups receiving 2 doses of
V710 (P values of �0.001 for each pairwise comparison), satisfy-
ing the primary efficacy hypothesis (Table 2). In contrast, the
GMFR for the placebo-only group was 1.1 (95% CI, 0.9 to 1.4),
indicating essentially no change from baseline. By 28 days after the
first dose, every V710 group had an �1-log increase in GMFR
from baseline (P values of �0.001 for each pairwise comparison).
Response rates were numerically higher in patients �50 years of
age than in patients �50 years old. However, when age groups
were further categorized as �50, 50 to 59, and 60 to 80 years, there
was no trend of increased antibody response with increasing age.

The GMFRs and GMCs over time are displayed in Fig. 3 and 4.
At day 56 postvaccination, more than 93% of patients in the five
V710 groups (groups 1 to 5) had a �2-fold rise in anti-IsdB IgG
titers from baseline, with a GMFR of �9. At day 180 postvaccina-
tion, the V710 groups had GMFRs ranging from 4.1 to 9.6,
whereas the placebo-only group (group 6) had a GMFR of 1.0.
Through day 360 postvaccination, the GMFRs for the V710
groups ranged from 2.9 to 6.6, compared with 1.5 in the placebo-
only group.

The results of the exploratory analyses demonstrated compa-
rable immune responses at all postvaccination time points for the
60-�g (with and without AAHSA) and 90-�g (with AAHSA) dos-
ages. In comparisons of immune responses following single-dose
and multiple-dose regimens without correction for multiple com-
parisons, only antibody responses to the 60-�g, two-dose regimen
(without AAHSA) were statistically higher (P � 0.05) at day 56
through day 180 (GMFR range, 8.5 to 18.9) than those of the
single-dose regimen of 60 �g (GMFR range, 4.4 to 9.6). For day
210 through day 360, no significant differences were observed
between the 60-�g single-dose and two-dose regimens (adminis-
tered 28 days apart).

GMFRs at day 210 were significantly (P � 0.05) higher in pa-
tients in the 1- and 2-dose 60-�g (without AAHSA) groups
(groups 1a and 2a) and the 2-dose 90-�g group (group 5a) who
received a dose at day 180 than in those who did not receive a dose
at day 180. At day 270, significant differences were still observed
only for the 2-dose 60-�g (without AAHSA) (group 1a) and
2-dose 90-�g (group 5a) regimens. At day 360, the groups receiv-
ing a dose at day 180 had higher GMFRs than those not receiving
a dose at that time point, but these differences were not statistically
significant.

Subsets of 12 patients from each group were tested for op-
sonophagocytic antibody. When immune sera obtained 28 days
after the first dose were compared to baseline sera, a �2-fold in-

FIG 3 Geometric mean fold rise (GMFR) by vaccine group through day 180
postvaccination. (A) Groups 1 and 2: 60-�g doses (without AAHSA). (B)
Groups 3 and 4: 60-�g doses (with AAHSA). (C) Groups 5 and 6: 90-�g (with
AAHSA) and placebo (PBO) doses. AAHSA, amorphous aluminum hydroxy-
phosphate sulfate adjuvant.
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crease in opsonophagocytic activity was observed in 34 (67%) of
60 evaluable V710 recipients and 2 (17%) of 12 evaluable placebo
recipients. The corresponding numbers of patients with �4-fold
increases in baseline opsonophagocytic activity at day 28 were 17
(28%) after 1 dose of V710 with a GMFR ranging from 2.1 to 4.0
across groups 1 to 5 and 1 (9%) after 1 dose of placebo with a 1.1
GMFR.

Safety. Safety results are summarized in Table 3. Serious AEs
during the 14 days immediately following any of the 3 doses were
reported in 11 of 183 patients who received �1 dose of V710 in
groups 1 to 5 (9 of these AEs followed a dose of V710, while 2 cases
were temporally related to a placebo dose in the mixed regimen);
none of the 18 placebo-only recipients in group 6 developed a
serious AE during this 14-day postvaccination period. Over the
360-day course of the entire study, 30 V710 recipients and 3 pla-
cebo-only recipients experienced serious adverse events, none of
which were considered vaccine related by the investigators. No
patients discontinued the study due to a vaccine-related AE. Four
V710 recipients and 1 placebo-only recipient developed a serious
AE involving an S. aureus infection during the study. Overall, 14
patients in the V710 groups and 2 patients in the placebo-only
group died during the study; the causes of death were sepsis
and/or cardiovascular events in all instances where known except
for azotemia and intestinal ischemia in 1 V710 recipient each. The
small group sizes (especially given only 18 patients in the placebo-
only group) preclude meaningful comparisons of AE rates.

DISCUSSION

Our dose-ranging immunogenicity study demonstrated a robust
antibody response to V710 in ESRD patients on hemodialysis.
V710 was immunogenic after a single vaccination with all dosages
evaluated. The antibody response was evident by 28 days after the
first dose and largely sustained for up to 360 days after the initial
vaccination especially in patients receiving multiple doses. None
of the 33 reported serious AEs were attributed to the vaccine by the
site investigators.

Although the immune repertoire of patients was not directly
interrogated in this study, production of antigen-specific memory
CD4� T cells after vaccination is frequently impaired in patients
with ESRD (13). Only 50 to 75% of dialysis patients receiving 3
doses of hepatitis B virus vaccine develop protective antibody lev-
els, whereas more than 90% of immunocompetent patients with
normal renal function achieve adequate titers (1). High vaccina-
tion failure rates in hemodialysis patients have also been reported
with influenza, tetanus, and diphtheria vaccines (6, 10, 18).

Antibody levels after V710 vaccination in hemodialysis pa-
tients in our study were on average higher than the levels previ-
ously reported in healthy volunteers from the phase 1 studies (7,
8), perhaps reflecting a high frequency of previous immunizing
contact with S. aureus as a result of ESRD and hemodialysis. Base-
line antibody levels and the brisk responses to the initial dose may
signify that patients with ESRD often mount an anamnestic re-
sponse to the first dose of V710 because of prior natural exposure

FIG 4 Geometric mean concentrations (GMC) by vaccine group through day
360 postvaccination. (A) Groups 1 and 2: 60-�g doses (without AAHSA). (B)
Groups 3 and 4: 60-�g doses (with AAHSA). (C) Groups 5 and 6: 90-�g (with
AAHSA) and PBO doses. AAHSA, amorphous aluminum hydroxyphosphate
sulfate adjuvant.

Moustafa et al.

1514 cvi.asm.org Clinical and Vaccine Immunology

http://cvi.asm.org


to S. aureus. Additional vaccine doses may serve to augment the
magnitude and durability of the antibody response. Despite gen-
erally increased titers after additional doses, a consistent dose-
response relationship was not evident.

Vaccination with V710 induced functional antibodies. While
neutrophils are critical to host defenses against S. aureus, vaccine
immunogenicity measured solely as antibody titers or op-
sonophagocytic activity does not always translate into clinical ef-
ficacy. T helper cells, especially through the production of inter-
leukin 17 (IL-17), appear to be more critically involved in
controlling cutaneous S. aureus infections than previously recog-
nized (3, 16). A key function of the Th-17/IL-17 axis (which may
be impaired in ESRD patients [13]) is to recruit neutrophils to the
infected site, implying that the cell-mediated and phagocytic arms
of the immune system may work cooperatively to eradicate S.
aureus.

To date, no immunologic correlate of protection has been es-
tablished for S. aureus infection. Previous studies of immunogenic
S. aureus vaccines have failed to produce efficacious results in later
pivotal studies (19) (S. Deresinski, presented at the 12th Interna-
tional Symposium on Staphylococci and Staphylococcal Infec-

tions, Cairns, Australia, 7 to 10 September 2008). An event-
driven phase IIb/III efficacy trial of V710 in patients
undergoing cardiothoracic surgery (ClinicalTrials.gov regis-
tration number NCT00518687) was recently terminated after
the second planned interim analysis because of potential safety
concerns as well as low vaccine efficacy closely approaching the
protocol-stipulated futility threshold of 20% (5) in spite of
brisk antibody responses in V710 recipients.

Prevention of S. aureus infections remains an important unmet
medical need (3, 5, 17, 20) (S. Deresinski, presented at the 12th
International Symposium on Staphylococci and Staphylococcal
Infections, Cairns, Australia, 7 to 10 September 2008). Dialysis-
associated infections are second to cardiovascular complications
as a cause of death in patients with ESRD. The most common
infectious etiology is S. aureus (21). Patients infected with S. au-
reus frequently develop a wide range of serious complications,
including dialysis site infections (often with resultant loss of ac-
cess), infective endocarditis, and osteomyelitis, eventuating in
substantial morbidity and mortality (4, 12). S. aureus infections in
patients on hemodialysis absorb substantial resources (2, 4, 15,
19). The economic burden has been further exacerbated by the

TABLE 3 Adverse events following vaccinations 1, 2, and 3a

Adverse event

No. (%) of patients with each AE in each group (n)

1a (18) 1b (18) 2a (19) 2b (18) 3a (19) 3b (18) 4a (19) 4b (18) 5a (17) 5b (19) 6 (18)

AE reported days 1–14 after
each vaccination

Systemic AE 6 (33.3) 6 (33.3) 4 (21.1) 4 (22.2) 5 (26.3) 6 (33.3) 8 (42.1) 5 (27.8) 6 (35.3) 6 (31.6) 7 (38.9)

AE with �10% incidence
in any group

Diarrhea 0 (0.0) 1 (5.6) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 2 (10.5) 0 (0.0) 0 (0.0) 2 (10.5) 0 (0.0)
Nausea 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 2 (11.1) 1 (5.3) 1 (5.6) 0 (0.0) 1 (5.3) 0 (0.0)
Pancreatitis 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 2 (11.1) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Vomiting 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 2 (10.5) 1 (5.6)
Pyrexia 0 (0.0) 2 (11.1) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (5.3) 0 (0.0) 2 (11.8) 0 (0.0) 0 (0.0)
Headache 0 (0.0) 0 (0.0) 1 (5.3) 0 (0.0) 0 (0.0) 0 (0.0) 1 (5.3) 1 (5.6) 0 (0.0) 0 (0.0) 2 (11.1)
Rhinorrhea 1 (5.6) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 2 (10.5) 0 (0.0) 0 (0.0) 0 (0.0) 1 (5.6)

AE reported days 1–5 after
each vaccination

Injection site AE 5 (27.8) 6 (33.3) 1 (5.3) 4 (22.2) 8 (42.1) 7 (38.9) 9 (47.4) 6 (33.3) 7 (41.2) 9 (47.4) 2 (11.1)

AE with �10% incidence
in any group

Erythema 3 (16.7) 2 (11.1) 0 (0.0) 1 (5.6) 3 (15.8) 3 (16.7) 4 (21.1) 0 (0.0) 2 (11.8) 2 (10.5) 2 (11.1)
Pain 5 (27.8) 5 (27.8) 1 (5.3) 3 (16.7) 8 (42.1) 4 (22.2) 8 (42.1) 5 (27.8) 5 (29.4) 9 (47.4) 2 (11.1)
Swelling 2 (11.1) 0 (0.0) 0 (0.0) 1 (5.6) 2 (10.5) 4 (22.2) 5 (26.3) 3 (16.7) 2 (11.8) 3 (15.8) 2 (11.1)

AE reported days 1–360
Systemic AE 7 (38.9) 7 (38.9) 7 (36.8) 8 (44.4) 6 (31.6) 8 (44.4) 11 (57.9) 7 (38.9) 8 (47.1) 10 (52.6) 10 (55.6)
Clinical AEb 9 (50.0) 10 (55.6) 8 (42.1) 10 (55.6) 10 (52.6) 13 (72.2) 12 (63.2) 11 (61.1) 11 (64.7) 12 (63.2) 10 (55.6)
Serious AE 2 (11.1) 3 (16.7) 2 (10.5) 5 (27.8) 0 (0.0) 5 (27.8) 4 (21.1) 2 (11.1) 2 (11.8) 5 (26.3) 3 (16.7)
Serious vaccine-related AEc 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Serious AE involving S.

aureus infection
0 (0.0) 0 (0.0) 0 (0.0) 1 (5.6) 0 (0.0) 2 (11.1) 0 (0.0) 0 (0.0) 0 (0.0) 1 (5.3) 1 (5.6)

Discontinued study due to
a vaccine-related AEc

0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0(0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Death 1 (5.6) 2 (11.1) 0 (0.0) 2 (11.1) 0 (0.0) 0 (0.0) 4 (21.1) 1 (5.6) 1 (5.9) 3 (15.8) 2 (11.1)
a AE, adverse event.
b Patient-reported systemic or injection site AEs during the entire study period.
c Determined by the investigator to be related to the vaccine/placebo.
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nosocomial and community spread of methicillin-resistant S. au-
reus (MRSA) (2). Effective immunization against S. aureus infec-
tion in the many patients undergoing chronic hemodialysis could
greatly reduce both the health and health care toll exacted by this
virulent and widespread pathogen (2, 3, 4, 15, 19, 21).

In our study, V710 vaccination induced robust antibody re-
sponses to S. aureus in a high-risk population. Antibodies ap-
peared rapidly after the first dose and were sustained for at least a
year with multidose regimens. However, in the absence of estab-
lished serologic correlates of protection and given the discourag-
ing results of the prophylactic V710 study in cardiothoracic sur-
gery patients, adequately powered efficacy trials are ultimately
required to assess whether promising vaccine candidates can re-
duce S. aureus infection rates in practice (3, 5, 7, 8, 11, 17).
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