
SESSIO
N

 10-1

Advancing solutions to evolving resistance
April 6-8, 2011  COEX, Seoul, Korea

8TH INTERNATIONAL SYMPOSIUM ON 
ANTIMICROBIAL AGENTS AND RESISTANCE

 www.isaar.org

Advancing solutions to evolving resistance
April 6-8, 2011  COEX, Seoul, Korea

8TH INTERNATIONAL SYMPOSIUM ON 
ANTIMICROBIAL AGENTS AND RESISTANCE

 www.isaar.org

SESSIO
N

 10-2
120 |  121   ISAAR 2011 

Vaccines in the 21st Century: Gene-Based Vaccines

Gene-based vaccines are being developed for prophylaxis and therapy of diseases that have not 
been successfully addressed by traditional vaccine approaches. The targets for these vaccines 
include not just infectious diseases but also autoimmune diseases, allergy, and cancer. Gene-
based vaccines include plasmid DNA and other polynucleotides (both RNA and DNA), 
heterologous viral vectors, and bacterial expression vectors. The rationale for these vaccines 
includes the desire to generate different types of immunity (e.g., MHC Class I-restricted 
cytolytic T lymphocytes) than can be generated by, for example, recombinant proteins. These 
vectors can result in the production of both humoral and cellular immune responses, and thus 
target both accessible (i.e., generally external) antigens, as well as  internal or structural proteins 
that tend to be more highly conserved between different strains of the pathogen.  In addition, 
gene-based vaccines can stimulate novel immune responses based on the nature of the vector 
itself; for example PAMPs (Pathogen Associated Molecular Patterns) of the vectors stimulate 
innate immune responses, which in turn augment the antigen-specific immunity directed against 
the antigen encoded by the vector. Licensed gene-based vaccines to date have been limited 
to those for veterinary use.  Human clinical trials of gene-based vaccines have demonstrated 
immunogenicity, but have largely been disappointing in terms of potency.  Recent improvements 
in potency have been seen with prime-boost regimens, wherein different modalities are used 
for the priming and boosting immunizations, such as a DNA plasmid prime followed by a viral 
vector or recombinant protein boost.  Additional changes have been made to the vectors and 
delivery systems resulting in increased potency. Improvements of gene-delivery vaccines will be 
discussed and examples and rationale provided. 

---
Margaret Liu  
ProTherImmune, USA

Staphylococcus aureus vaccines: where are we now?

Staphylococcus aureus is a commensal Gram-positive bacterium which persistently or 
intermittently colonizes most healthy adults, and yet globally is one of the most important causes 
of nosocomial infection.  S. aureus is estimated to be responsible for 20-25% of all healthcare-
associated infections,1  the manifestations of which range from skin and soft-tissue infections to 
life-threatening sepsis, in addition to toxin-mediated diseases.  Healthcare-associated S. aureus 
infections result in 3 times the length of hospital stay, and 5 times the risk of in-hospital death 
as patients without S aureus infection.2  In comparison to other organisms, S. aureus infections 
result in longer average duration of treatment and hospitalization, and mortality rates as high as 
25%.3  Over the past 15 years, rates of healthcare- as well as community-associated S. aureus 
infections have increased, largely due to the emergence and spread of epidemic MRSA strains.  
Infection control practices directed at the spread of MRSA have resulted in widespread and 
varied approaches to the screening and treatment of patients admitted to healthcare facilities.   
Despite such measures, the estimate from US Nationwide Inpatient Sample (NIS) data is that 
approximately 1% of all US hospitalizations involve S aureus infections, at a cost of $14.5 
billion, with $12.3 billion attributable to postsurgical S aureus infection alone.4 The SENTRY 
surveillance system reports S. aureus as the most prevalent cause of bloodstream infection 
(22%), lower respiratory infection (23%), and skin and soft tissue infection (39%), as well 
as overall infection throughout North America, Latin America, Europe, and Western Pacific 
nations.5 In many parts of the world, including the US as well as Asian nations of Japan, Korea, 
Taiwan, Hong Kong, Singapore, and Sri Lanka, healthcare-associated MRSA infections are 
now responsible for the majority of S. aureus infections.  True vancomycin-resistant S. aureus 
(VRSA) has emerged during the last decade, and will likely increase over time and with more 
extensive antibiotic usage.  The need for an effective vaccine to prevent S. aureus infection is 
clear.

---
Douglas Girgenti  
Pfizer Inc., USA
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Efforts to develop a human S. aureus vaccine date from as early as 1960, initially utilizing whole 
cell preparations and formalin-inactivated toxins, and more recently, capsular polysaccharide 
conjugates and purified protein antigens.  The S. aureus bacterium presents a diverse array 
of antigens, including polysaccharides and surface proteins as well as secreted toxins.  These 
antigens are intermittently expressed during infection.  In vivo immunofluorescence studies have 
shown that antigens presented on the surface of S. aureus vary not only from strain to strain, but 
at different times during the course of infection6.  In developing a successful vaccine against S. 
aureus, it is important to target well-conserved antigens that are consistently expressed by most 
clinical strains during early infection in multiple disease states.  As with other encapsulated 
Gram positive bacteria (Streptococcus pneumoniae), preclinical and clinical evidence supports 
the concept that the primary immune mechanism of clearance of S. aureus is mediated by 
opsonization with immunoglobulin G (IgG) and complement, and subsequent phagocytosis 
by polymorphonuclear cells.7 It has been hypothesized that a functional antibody response 
raised against the two predominant S. aureus capsular serotypes CP5 and CP8 might provide 
protection against S. aureus infections.  Early clinical trials that used these polysaccharides 
conjugated to ETA8, however, did not demonstrate efficacy against invasive S. aureus infection 
in hemodialysis patients.  Capsule is intermittently expressed by clinical isolates in vivo 6 and 
antibody responses to protein antigens may also be required to protect individuals against the S. 
aureus bacterium.  There are currently several vaccine clinical programs that range from single 
proteins9 to multi-antigen vaccines.  While the robust immunogenicity of several candidate 
antigens is encouraging, a candidate vaccine must ultimately prove efficacious against S. aureus 
infection in one or more clinical target populations in order to obtain licensure.  

The vast spectrum of disease caused by S. aureus presents many potential populations in which 
to study vaccine efficacy.  Ideally, initial clinical evaluation of efficacy would best target a 
population which suffers from a high rate of invasive S. aureus infection within a relatively 
short evaluable timeframe, can be vaccinated prior to exposure to infection, and is sufficiently 
immunocompetent to mount a protective response.  Vaccine efficacy would have the greatest 
impact on a large vulnerable population with a substantial burden of disease.  This will be a 
challenging task, however, in that many populations vulnerable to S. aureus infection are also 
less likely to achieve a robust immune response to vaccination.  Several populations which 
have been considered for clinical evaluation are summarized in the table below.  This list 
is not exhaustive.  Clinical evaluation of S. aureus vaccine immunogenicity during Phase 3 

efficacy studies should seek to develop a better understanding of antibody responses associated 
with protection against infection.  Defining immune responses associated with efficacy could 
potentially serve as correlates of protection and be applied to additional target populations.  
Impact of vaccination on carriage of S. aureus should also be evaluated during clinical studies 
of candidate vaccines.  Potential efficacy against colonization with S. aureus would support 
consideration for additional vaccine indications in both the healthcare and community settings, 
including infection control practices, pediatric indications, and perhaps universal vaccination.

Potential Targets for Evaluation of Vaccine Efficacy
Healthcare-associated: Targeting Invasive S. aureus Infection

Population Incidence of invasive S. aureus 
infection

Pros Cons

Elective Surgery 0.4-2%10 • Large population
• Immunocompetent
• Short duration of follow-up

•  Single vaccine dose must 
result in rapid anamnestic 
response

• Relatively low incidence
End-stage Renal 
Disease

5%11 • Large study population •  Relatively 
immunocompromised

•  Repeated innoculation of 
bloodstream /peritoneum 

Recurrent S. aureus 
infection

2% (90 days)12 •  Short duration of follow-up •  Slow enrollment
•  Challenge of intracellular 

survival, small colony 
variants, biofilm  

Community-associated: Targeting Skin and Soft-tissue Infection
Community 
outbreaks

127/100,000 (Baltimore)13

316;100,000 (San Francisco)14
•  Large concentrated 

population
•  Start, course of outbreak 

difficult to predict
•  Outside intervention difficult 

to control
Military recruits 4200/100,000 (Fort Benning)15 •  Large concentrated 

population
•  Seasonality
•  Outside intervention difficult 

to control

Endnotes
1.  Lowy FD. Staphylococcus aureus Infections. N Engl J Med 1998; 339(8):520-32.
2.  Noskin GA, Rubin RJ, Schentag JJ, et al. The burden of Staphylococcus aureus infections on hospitals in the United States. 

Arch Intern Med. 2005;165(15):1756-1761.
3.  Rubin RJ et al.  The Economic of Staphylococcus aureus Infection in New York City Hospitals.  Emerg Infect Dis 1999; 5: 

9-17.
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challenging task, however, in that many populations vulnerable to S. aureus infection are also 
less likely to achieve a robust immune response to vaccination.  Several populations which 
have been considered for clinical evaluation are summarized in the table below.  This list 
is not exhaustive.  Clinical evaluation of S. aureus vaccine immunogenicity during Phase 3 

efficacy studies should seek to develop a better understanding of antibody responses associated 
with protection against infection.  Defining immune responses associated with efficacy could 
potentially serve as correlates of protection and be applied to additional target populations.  
Impact of vaccination on carriage of S. aureus should also be evaluated during clinical studies 
of candidate vaccines.  Potential efficacy against colonization with S. aureus would support 
consideration for additional vaccine indications in both the healthcare and community settings, 
including infection control practices, pediatric indications, and perhaps universal vaccination.

Potential Targets for Evaluation of Vaccine Efficacy
Healthcare-associated: Targeting Invasive S. aureus Infection

Population Incidence of invasive S. aureus 
infection

Pros Cons

Elective Surgery 0.4-2%10 • Large population
• Immunocompetent
• Short duration of follow-up

•  Single vaccine dose must 
result in rapid anamnestic 
response

• Relatively low incidence
End-stage Renal 
Disease

5%11 • Large study population •  Relatively 
immunocompromised

•  Repeated innoculation of 
bloodstream /peritoneum 

Recurrent S. aureus 
infection

2% (90 days)12 •  Short duration of follow-up •  Slow enrollment
•  Challenge of intracellular 

survival, small colony 
variants, biofilm  

Community-associated: Targeting Skin and Soft-tissue Infection
Community 
outbreaks

127/100,000 (Baltimore)13

316;100,000 (San Francisco)14
•  Large concentrated 

population
•  Start, course of outbreak 

difficult to predict
•  Outside intervention difficult 

to control
Military recruits 4200/100,000 (Fort Benning)15 •  Large concentrated 

population
•  Seasonality
•  Outside intervention difficult 

to control

Endnotes
1.  Lowy FD. Staphylococcus aureus Infections. N Engl J Med 1998; 339(8):520-32.
2.  Noskin GA, Rubin RJ, Schentag JJ, et al. The burden of Staphylococcus aureus infections on hospitals in the United States. 

Arch Intern Med. 2005;165(15):1756-1761.
3.  Rubin RJ et al.  The Economic of Staphylococcus aureus Infection in New York City Hospitals.  Emerg Infect Dis 1999; 5: 

9-17.
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The Holy Grail : Universal Vaccines for Influenza?

The continuous antigenic drifts and occasional antigenic shifts enable human influenza viruses 
to escape the human immune system. The frequent occurrence of human H5N1-infected cases 
and the emergency of a pandemic H1N1/2009 influenza virus further reiterate the risk of the 
introduction of a new pandemic strain to humans through in toto transfer of animal influenza 
viruses.  In addition, reassortants between pandemic H1N1/2009 and swine influenza viruses 
in pigs has been recently reported. The discovery of neutralizing antibodies that are broadly 
reactive with multiple influenza subtypes is therefore extremely important for the influenza 
pandemic preparedness, for use either for therapeutic purposes or as the basis of vaccine 
development. On the other hand, recently studies also suggest that cell-mediated immunity 
might be critical for cross-subtype protection against influenza virus infection. Using vaccinia 
virus-based H5 vaccine, we also demonstrated this approach might also capable of inducing 
cross-subtype protection. Mice received this H5 vaccine had no detectable neutralization 
antibody against other HA subtypes, suggesting that cell-mediated immunity might be account 
for the subtype protection. Here, we would discuss our recent findings on these research topics.

---
Leo Poon 
University of Hong Kong, Hong Kong


