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S. aureus Vaccines: State of the Art

• Many candidates have been developed

• All have failed

• We do not know why
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Vaccine Target Antigens for Staphylococci 

PIA
(differentially expressed)

Cell Surface protein
(Hydrophobically bound)

Lipoprotein
(tethered to cytoplasmic membrane)

Teichoic acids

Transmembrane proteins
(eg porins and ABC transporters)

LPXTG Proteins

Cell surface protein
(tethered to cytoplasmic membrane)

Cytoplasmic 
membrane 
associated protein 
with cell surface 
epitopes
(eg autolysins and PBPs)

Secreted proteins

Cytoplasmic membrane
Peptidoglycan

Capsule

Staphvax, Altastaph (Nabi)
Pfizer, GSK (Belgium)

V710 (Merck)
MntC (Pfizer)
Aurexis, Veronate
(Inhibitex)

Pagimaximab (Biosynexus)
Genentech

Arsanis, MedImmune



Types of S. aureus Immunotherapeutics

• Passive Immunization- Antibodies Given
Treatment Treat existing infection
Prevention Prevent future infection
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• Active Immunization- Antibodies Produced



7Fowler & Proctor  ClinVaccine Immunol 2014



Passive

Treatment
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9Fowler & Proctor  ClinVaccine Immunol 2014



Aurexis
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Vaccine Target Antigens for Staphylococci 
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• Aurexis (Tefibazumab) Humanized monoclonal antibodies 
against Clumping Factor A

• Prevents Binding of S. aureus to Fibrinogen, no Killing Activity

• Randomized, double-blinded, placebo-controlled trial of 60 
patients with S. aureus bacteremia 

• Standard therapy + Aurexis v. Standard therapy + Placebo

• Efficacy: No significant difference in Composite endpoint or 
Severity Progression 

• SAEs: 2 Possible, one definite (Hypersensitivity)



Altastaph
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Vaccine Target Antigens for Staphylococci 
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Staphvax, (Altastaph)
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• Pooled human antibodies against S. aureus capsule 5 and 8

• Randomized, double-blinded, placebo-controlled trial of 40 
patients with S. aureus bacteremia 

• Standard therapy + Altastaph v. Standard therapy + Placebo

• Efficacy: Mortality higher in Altastaph (23% v. 11%; p=0.42)
Shorter time to afebrile (2 v. 7d; p=0.09)
Shorter hospitalization (9 v. 14d; p=0.03)

• SAEs: 95% of Drug-related Events were in Altastaph



Xbiotech 514G3
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• Epitope: “… a key virulence determinant of S. aureus”

• Design: Phase I/II Dose Finding, Double-blind RCT

• Sample Size: n=36 study vs n= 16 Placebo

• Results: ↓ Hospitalization (8.6d vs 12.7d; p=0.092)
↓ S. aureus-related SAEs (11% vs 25%; p=0.23)
↑ Mortality (11% vs 0%; p=0.30)
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Passive

Prevention
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19Fowler & Proctor  ClinVaccine Immunol 2014



Altastaph
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Vaccine Target Antigens for Staphylococci 
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• Pooled human antibodies against S. aureus capsule 5 and 8

• Phase II Randomized, double-blinded, placebo-controlled 

trial of  206 Very Low Birth Weight Infants 

• Infusion resulted in hight levels of specific S. aureus type 5 & 

8 capsular polysaccharide IgG

• No difference in episodes of SAB among the two groups

• Adverse events similar in both arms



Veronate
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Vaccine Target Antigens for Staphylococci 

PIA
(differentially expressed)

Cell Surface protein
(Hydrophobically bound)

Lipoprotein
(tethered to cytoplasmic membrane)

Teichoic acids

Transmembrane proteins
(eg porins and ABC transporters)

LPXTG Proteins
Cell surface protein
(tethered to cytoplasmic membrane)

Cytoplasmic 
membrane 
associated protein 
with cell surface 
epitopes
(eg autolysins and PBPs)

Secreted proteins

Cytoplasmic membrane
Peptidoglycan

Capsule

Veronate (Inhibitex)



25

Clinical Trial of Safety and Efficacy of IHN-A21 for 
the Prevention of Nosocomial Staphylococcal 
Bloodstream Infection in Premature Infants

The Journal of Pediatrics 2007; 151:260-265

• Pooled human IgG to ClfA (S. aureus) & SdrG (S. epidermidis)

• Double-blind, placebo-controlled trial of INH-21 v. placebo for 
prevention of staphylococcal late onset sepsis in 1983 infants 
with birth weight 500g-1250g

• No difference in episodes of late-onset staphylococcal sepsis 



Pagibaximab
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Vaccine Target Antigens for Staphylococci 
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• Human chimeric monoclonal antibody against S. aureus
lipoteichoic acid

• Phase II dose-ranging randomized, double blind placebo 
controlled trial of 88 patients with birth weight 700-1300g 
and age 2-5 days

• Non-significant difference in rates of staphylococcal sepsis
0% (90mg/kg), 20% (60mg/kg),13% (placebo) (p=0.11)

• Results not confirmed in Phase III (unpublished) 



Active
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30Fowler & Proctor  ClinVaccine Immunol 2014



Staphvax
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Vaccine Target Antigens for Staphylococci 
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• Capsule types 5 & 8 (~80-85% of clinical isolates)

• Double-blinded, placebo-controlled, randomized trial 
in 1,804 hemodialysis patients

• Gortex graft or Primary Fistula (Cuffed tunneled 
catheter dialysis recipients excluded)

• a priori endpoint : reduction in events of S. aureus
bacteremia set at 54 weeks
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Efficacy of StaphVax – A Question of Timing?



Repeat Phase III Trial - Failure

Randomized, double-blinded, placebo-controlled 
trial of 3,600 patients on hemodialysis

• Endpoint set at 6 months

• Results:  No reduction in S. aureus types 5 and 8 
infections in the StaphVAX group

• Withdrew Marketing Authorization Application 
(MAA) to market StaphVAX in the European 
Union



Source: http://www.nabi.com/pipeline/pipeline.php?id=1



Nabi Stock Price Before and After Staphvax 
Announcement
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V710
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Vaccine Target Antigens for Staphylococci 
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Merck Candidate S. aureus Vaccine Antigen: 
Iron Surface Determinant B (IsdB) 

• IsdB of S. aureus
– expressed and highly conserved in all S. 

aureus strains tested
– immunogenic during acute S. aureus

infections

• V710 vaccine 
– protective in 3 different murine models
– well tolerated and immunogenic in Phase I 

studies Palazzolo-Ballance, J Immunol 
2008
Miajilovic, Microbiology 2010
Kuklin, Infect & Immunity 2006
Harro, JID 2010 and Vaccine 2012
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V710-003 Study Design: Overview

Day 1
Randomized
& Vaccinated

CT Surgery
at Day 14-60

Following Vaccination

Follow-up for 
Efficacy

90 days after CT Surgery

Safety: Day 1-14 
Post-vaccination
Follow-up for all 

AE

Day 360
Post CTSSafety: Day 15 Post-vaccination 

through Day 360 Post CTS
Follow-up for SAEs that are: vaccine-related, 

resulted in death, or involved a S. aureus infection
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1st IA [Jan 2010] to assess for futility → 
Passed: Vaccine Efficacy (VE) = 59%

2nd IA [Apr 2011] 

Study discontinued due to concerns about 
safety and low efficacy

2nd IA
(48 cases)

Stop: VE<22%

Continue: VE ≥0% 

1st IA 
(24 cases)

V710-003 Interim Analyses (IA)
Event-driven study, with 3 planned IA to assess vaccine 

futility 
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Baseline Characteristics: Demographics

Randomized
V710 Group

N = 4005
Placebo Group

N = 4005

Male 2676 (67) 2,670 (67)

White 3088 (77) 3063 (76)

Age, median (range), years 65 (18-91) 66 (19-93)

STS Score, median (range) 6 (0-29) 6 (0-26)

BMI >30 kg/M2 1108 (28) 1027 (26)

Diabetes Mellitus 963 (24) 961 (24)

Nasal Colonization with S. aureus 738 (18) 714 (18)

Positive for MRSA 72 (2) 65 (2)

Cardiothoracic surgery 3822 (96) 3840 (96)

CABG only 1198 (31) 1247 (32)

Valve replacement/repair (w/ or w/o CABG) 1927 (50) 1909 (50)

Other 697 (18) 684 (18)

Time of Surgery, median (IQR) days post-vaccine 24 (18-37) 24 (18-36)
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Analysis of S. aureus Infections
V710 

60mcg Placebo Vaccine Efficacy (%)  
(95% CI) 

p-Value 
(one-sided)

Number of Subjects Randomized                                                  4005 4005

Number of Subjects Randomized and 
Vaccinated                                 3981 3982

Number of Subjects included in the     
Primary Efficacy Population 3528 3517

Primary Hypothesis

Number of S. aureus Bacteremia 
and/or DSWI infections 22 (0.6) 27 (0.8) 18.5 (-48.6, 55.8)       0.584

ü Bacteremia                                                     15 (0.4)    21 (0.6)    28.6 ------

ü DSWI - Mediastinitis                                           9 (0.3)  9 (0.3)  0.0 ------

üDSWI - Deep Incisional SSI 
Involving the Sternal Wound         7 (0.2)  9 (0.3)  22.2 ------

MSSA                                                     11 (0.3)    19 (0.5)    42.1 ------

MRSA                                           11 (0.3)  8 (0.2)  -37.5 ------
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Safety Analysis:
Duration of Study
V710 60mcg  

N=3,958
Placebo
N=3,967  

V710 60mcg -
Placebo  

n  

Total 
Follow-Up 

Time
(Person-

Yrs) 

Estimated 
Rate 

(per 100-
Person-

Yrs) 

n  

Total 
Follow-Up 

Time
(Person-

Yrs) 

Estimated 
Rate 

(per 100-
Person-

Yrs) 

Estimated 
Rate 

Difference  
(95% CI)   

p-
value   

With serious AEs                                          291 3468.9  8.4   274 3493.4  7.8   0.5 (-0.8, 
1.9)     0.424

With serious AEs 
involving the diagnosis 
of S. aureus

49  3523.0  1.4   57  3535.2  1.6   -0.2 (-0.8, 
0.4)    0.448

Who died                                                             201 3550.3  5.7   177 3567.9  5.0   0.7 (-0.4, 
1.8)     0.200

With MOF                                             31  3553.1  0.9   17  3571.4  0.5   0.4 (0.0, 0.8)      0.042
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Analysis of Mortality and Multi-Organ Failure 
(MOF) in Subjects with S. aureus Infections

Primary Endpoints 

V710 60mcg  Placebo  V710 60mcg -
Placebo  

n  

Total 
Follow-Up 

Time  
(Person-

Yrs) 

Estimated 
Rate 

(per 100-
Person-

Yrs) 

n  

Total 
Follow-Up 

Time  
(Person-

Yrs) 

Estimated 
Rate 

(per 100-
Person-

Yrs) 

Estimated Rate 
Difference  
(95% CI)   

Subjects with S. aureus
bacteremia and/or 
DSWI

23  28  

Who died                                                   7   19.6    35.7  2   25.7    7.8   28.0 (2.0, 66.7)    

Who died due to MOF                    3   20.2    14.9  0   25.9    0.0   14.9 (0.0, 43.7)    

Subjects with any S. 
aureus infections                  73  96  

Who died                                                   15  65.2    23.0  4   94.4    4.2   18.8 (8.0, 34.1)    

Who died with MOF                       5   65.9    7.6   0   94.5    0.0   7.6 (3.2, 17.8)     
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Conclusions
• V710 was not efficacious in preventing S. aureus

bacteremia and/or deep sternal wound infection

– Despite eliciting a robust antibody response

• Similar overall vaccine & placebo mortality

• V710 was associated with multi-organ failure

• V710 recipients who developed S. aureus infection 
were ~ 5 times more likely to die than placebo 
recipients who developed S. aureus infection

• Causality not established



Pfizer
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Vaccine Target Antigens for Staphylococci 

PIA
(differentially expressed)

Cell Surface protein
(Hydrophobically bound)

Lipoprotein
(tethered to cytoplasmic membrane)

Teichoic acids

Transmembrane proteins
(eg porins and ABC transporters)
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Cell surface protein
(tethered to cytoplasmic membrane)

Cytoplasmic 
membrane 
associated protein 
with cell surface 
epitopes
(eg autolysins and PBPs)

Secreted proteins

Cytoplasmic membrane
Peptidoglycan

Capsule

ClfA,  MntC

CP5, CP8



• 4 Antigens: 
- CP5 & CP8 Conjugated to Carrier CRM197
- ClfA (Recombinant) 
- MntC

• 2600 patients
• 1° Endpoint: Postop S. aureus Bloodstream 

infection and/or deep incisional or organ/space 
surgical site infections within 90d  
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Why Spinal Surgery?
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Pfizer Vaccine for S. aureus



Why do the Trials Fail?
Three Possibilities
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1) Good Vaccine, Bad Trial

2) Good Vaccine, Bad Assumption

3) No Good Vaccine for S. aureus



Why do the Trials Fail?
Three Possibilities
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1) Good Vaccine, Bad Trial

2) Good Vaccine, Bad Assumption

3) No Good Vaccine for S. aureus
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1. Good Vaccine, Bad Trial



Why Would Smart Companies Put a Good 
Vaccine in the Wrong Clinical Trial?

Prevention Trial Treatment Trial

Sample Size 2000-8000+ ~ 300

Complexity Multinational,
Hundreds of sites

All US
< 30 sites

Timing 3-5y 1-2y

Cost ~ 100 million $ <20 million $
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Why Hemodialysis?
Incidence of Invasive MRSA per 100,000 Person-Years

0
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Non-nosocomial
Healthcare Associated
Nosocomial
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High baseline mortality

High Serious Adverse Event Rate

Weak immune response

Frequent challenge with S. aureus



Why Cardiac Surgery?



Problem with Cardiac Surgery: ↑ Risk ≈ ↓ Sample Size



Why do the Trials Fail?
Three Possibilities
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1) Good Vaccine, Bad Trial

2) Good Vaccine, Bad Assumption

3) No Good Vaccine for S. aureus



KEY ASSUMPTION 1
Opsonophagocytosis is the Predominant Mechanism of 

Host Inflammatory Response to S. aureus

DeLeo et al Infect Dis Clin N Am 2009;23:17-34

n Receptors for both Fc 
region of IgG and 
Complement Receptor 
on Neutrophil

n Both IgG & C3 needed 
for opsonophagocytosis

Verbrugh J Immunol 1982; 129:1682-7?



• In vitro evidence largely opsonophagocytic killing 
assay
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Pre-Clinical Reliance on Opsonophagocytic
Killing Assay in S. aureus

• Efficacy for most candidates was based only on 
murine/rodent infection challenge

• Few used models mimicking clinical infection type

• Compound development: 
Murine sepsis to human infection trials



The Problem



Immune Response to S. aureus in 
Humans, Mice, and Rabbits

65Salgado-Pabon Nature Reviews Microbiology 2014; 12:585-591.



Evidence for a Role of Th17 Cell-
Mediated Immunity in S. aureus Immunity

• Humans with antibody also can have infection 
Fowler JAMA 2013

• Patients with defects in Th17 (STAT3 mutation) have 
high S. aureus infection rates Fischer Immunol Cell Biol 2008

• Transfer of Th17 cells, but not antibodies, protects 
mice from S. aureus infections Cho JCI 2010

• Protection with V710, Als3p, and ClfA conferred by 
Th17-mediated immunity and not antibodies             
Yeaman PNAS 2014; Joshi Human Vaccin Immunother 2012; Narita Infect Immun 2010; Lin 
PLoS Pathogen 2009
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Did Th17 “Immune Priming” Cause the Multi-
Organ system Failure Finding in Merck Trial?

67



68Science 2015; 347: 278- 82.
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P< 0.001

• Mice vaccinated with whole killed S. aureus who were 
subsequently infected with S. aureus bacteremia were 
significantly more likely to die than unvaccinated mice who 
were infected with S. aureus bacteremia

• Death due to CD4 T-cell dependent Interferon response 

• Mortality prevented by inhibiting Interferon response

• Results identify the potential for vaccination to induce 
pathological immune responses, and they have implications 
for recent vaccine failures and the design of future 
staphylococcal vaccines



Why do the Trials Fail?
Three Possibilities
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1) Good Vaccine, Bad Trial

2) Good Vaccine, Bad Assumption

3) No Good Vaccine for S. aureus



Development Terminated

Active Staphvax (Nabi)

V710 (Merck)

PF-06290510 (Pfizer)

Passive Altastaph

Arsanis

Aurexis

Aurograb

Pagibaximab

Veronate
71



Remaining Candidates

Sponsor Antigens Phase Possible Limitations

NovaDigm Als3 P I Single antigen

NABI/GSK protein PVL, Alpha Toxin P I Secreted protein targets

GSK
(Belgium)

CP5, CP8, Alpha 
Toxin, ClfA

P I 3 of 4 are “recycled” targets, 1 
is secreted target

GSK (Novartis) Tetravalent, All 
protein

P I Ability of protein to elicit robust 
opsonophagocytic antibodies

Vaccine Research 
Intl

Whole Cell P I Variable immunogenicity of 
whole Cell 
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REMAINING CANDIDATES
Active Vaccines
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• ¯ abscess progression, dissemination to kidney. 
• ­ CD3+ T-cell neutrophil infiltration and IL-17A, IL-

22, and host defense peptide expression. 
• IL-22 necessary protection against skin infection.
• IL-17A and IL-22 required for protection against 

hematogenous dissemination
74Yeaman PNAS 2014

Novadigm



• Double-blind Phase 2 RCT of 382 Military Recruits 

• 1˚ Endpoint: Change in S. aureus Nasal Colonization by d56

• 2˚ Endpoint: SSTI rates
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• 5 antigen candidate: Cell surface: FhuD2, Csa1A, 

Secreted virulence factors: Hla, EsxA; EsxB

• Potentiated opsonophagocytic activity of neutrophils by adding TLR7 
agonist: SMIP.7-10-AI(OH)3 to enhance Th1/Th17 response

• SMIP stably adsorbed to Aluminum Hydroxide, allowing co-delivery of 
antigen-SMIP-complex to Antigen presenting Cells

• Addition of SMIP ↑ functional antibody titer & ↑ protection to IsdB vaccine in 
4 mouse models with diverse S. aureus isolates 

• “Therefore, the increased efficacy associated with SMIP.7–10-Al (OH)3 

compared with the alum formulation may likely be due to its combined 

effects on antibody and T-cell responses”

76

Novartis

?



New Passive
Immunotherapeutics for Prevention
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Monoclonal Antibodies that 
Target α Toxin

MEDI4893
ASN100
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Vaccine Target Antigens for Staphylococci 
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MEDI4893
MedImmune
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Anti-α toxin Mabs Associated with
• Increased survival in pneumonia model

• Minimal lung inflammatory response

• Lower proinflammatory cytokines

• Better oxygenation (lower pCO2)

• Additive or synergistic when combined with antibiotics



• Phase II, Randomized, Double-Blind, Dose-ranging study of 
MEDI4893 in Mechanically Ventilated Adults

• Enrolling: Europe (IMI)

• 1° endpoint: S. aureus pneumonia through D31

• Inclusion: S. aureus- colonized

• Exclusion: No antistaphylococcal antibiotics
82



ASN100
Arsanis
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• Single Monoclonal Antibody that recognizes conformational 
epitope shared by Alpha hemolysin and f-components of 
Gamma-hemolysin (HlgAB and HlgCB), LukED and LukSD.

• Amino acids forming the common epitope are conserved, 
lyse human phagocytes, epithelial cells, and RBC

• Superior ability to protect against cytolytic effects of secreted 
S. aureus toxins vs Alpha toxin Antibodies alone
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• Phase II, Randomized, Double-Blind study of ASN100 in 
Prevention of S. aureus Pneumonia in Heavily Colonized 
Ventilated Adults

• Enroll: goal 354

• 1° endpoint: S. aureus pneumonia through D22

• Inclusion: 3+ or 4+ S. aureus- colonized

• Exclusion: Heavy colonization with Gram-negative bacteria
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Arsanis
ASN100

MedImmune
Suvratoxumab

Design Double-blind, placebo-controlled Superiority design Phase II of 
prevention of S. aureus pneumonia in mechanically ventilated patients

Study 
Population

Mechanically ventilated  ICU pts 
“heavily colonized”

Mechanically ventilated  ICU pts  
PCR + colonized

Test of Cure 22 days post study drug 30 days post study drug

Endpoint S. aureus Pneumonia S. aureus pneumonia  
Per blind adjudication committee

152 patients from 35 sites 196 patients from European sites

Results 28.2% RRR
-6.6% Drug vs. 9.2% Placebo

31.9% RRR
-17.7% Drug vs. 26% Placebo

Terminated for futility by DRC P = 0.166
- 2-sided significance p< 0.1
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Conclusions
• Universally unsuccessful despite 

- Multiple antigens
- Multiple strategies: therapeutic, preventive
- Multiple patient populations

88

• Future candidates need
- >1 Antigen
- Efficacy in > 1 non-murine/rodent model 
- Close safety monitoring

• The field won’t survive another S. aureus
vaccine trial failure

• Innovative New Immunotherapeutics in trials
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