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	Abstract:
	A new pneumococcal conjugate vaccine (PCV7; Prevnar®, Wyeth Lederle Vaccines) was licensed in early 2000 for use in young children.  Data from 2002 from CDC’s Active Bacterial Core Surveillance (ABCs), a core component of the Emerging Infections Program, suggests that the rate of invasive disease caused by vaccine serotypes has dropped 92% in children <2 years old.  Disease caused by non-vaccine types, however, has increased 33%.  This increase in disease due to serotypes other than the 7 included in the conjugate vaccine is concerning.  The presence of 90 different serotypes and the rapid emergence of resistant strains illustrate the pneumococcus’ remarkable ability to adapt to selective pressures.  In addition, molecular studies indicate that pneumococci can swap genetic material that allows them to change their serotype.  Whether this will occur more frequently with selective pressure from the vaccine and which strains will predominate now that vaccine-type strains have become less prevalent is unknown.  In addition, patient-level characteristics associated with vaccine failures have not been systematically described.  We propose a 2-year study using cases identified through CDC’s Active Bacterial Core Surveillance (ABCs) to examine factors such as patient characteristics or vaccine schedules that may have contributed to vaccine failure.  In addition, we will look at the molecular types of pneumococci causing these cases to determine if certain strains are more likely to cause vaccine failure than others.  A close examination of cases that continue to occur in children in the conjugate vaccine era and strains from these cases is needed to understand how long the 7-valent vaccine will continue to be effective and to plan for the next generation of conjugate vaccines.   

	Specific Aims:
	Our specific aims are to:

1)  Identify reasons why some cases of invasive pneumococcal disease continue to occur in children eligible for the new pneumococcal conjugate vaccine (PCV7).  Reasons for illness could include vaccine failure, failure to receive vaccine, or infection with a serotype not contained in the 7-valent vaccine.

2)  Determine whether pneumococci are adapting to selective pressure from widespread vaccination.  We will use genotyping techniques to examine pneumococcal isolates from ongoing cases to a) characterize clones causing ‘escape’ disease, b) determine whether PCV7-escape isolates with serotypes not covered by the vaccine are of genotypes formerly represented by serotypes covered by PCV7, and c) determine if PCV7-escape isolates with serotypes covered by the vaccine are associated with specific genotypes 

This proposal seeks to address three Unmet Needs priority areas:  1) newly licensed vaccines, by evaluating reasons why the pneumococcal conjugate vaccine doesn’t work for some children, 2) vaccine safety, by assessing situations in which the vaccine may be less effective, and 3) future vaccines, by helping to determine what strains should go into future expanded-formulation conjugate vaccines.  

	Background:
	Children <2 years of age are especially vulnerable to pneumococcal infections.  In 2000, the FDA licensed a new protein-polysaccharide vaccine that promised to be effective against invasive disease and pneumonia in children and to reduce carriage of serotypes included in the 7-valent vaccine.  Several studies have shown, however, that children who have received PCV7 have increased carriage of serotypes not included in the vaccine such that overall nasopharyngeal carriage is unchanged; thus, non-vaccine serotypes ‘replace’ vaccine serotypes that are no longer carried.  This replacement phenomenon also occurred in a clinical trial evaluating otitis media.  While there was no evidence of replacement disease in a clinical trial that evaluated invasive disease, the latest data from CDC’s Active Bacterial Core Surveillance (ABCs) indicates that in the United States, the rate of invasive disease caused by non-vaccine serotypes was 33% higher in 2002 than before PCV7 was introduced.  While the number of cases caused by non-vaccine serotypes remains small, this trend raises concern that pneumococci could be adapting to selective pressure induced by the vaccine and disease rates could increase.

One way that pneumococci could adapt to selective pressure would be to change their polysaccharide capsule to a type not included in PCV7.  The best way to evaluate such changes is through genomic multilocus sequence typing (MLST), a process that involves sequencing segments of 7 conserved pneumococcal genes.  MLST has shown that most pneumococci can be traced to a relatively small number of clonal groups.  In fact, a limited number of highly successful clones have developed resistance to a number of drugs and have spread around the globe; some have been shown to exhibit more than one serotype.  Whether these particular clones, which seem to have a propensity to adapt quickly to selective pressure, will now develop the ability to express non-vaccine type capsules and contribute to replacement disease is a concern.  It is important to identify such cases and to include these new serotypes in next generation conjugate vaccines.  

The existing ABCs infrastructure allows for a closer examination of cases of invasive pneumococcal disease that continue to occur in spite of the availability of PCV7.  We can gather vaccine histories and clinical information to help determine patient-level factors that could contribute to these cases.  We also can examine factors related to the pneumococcal strains causing the infections.  We have established a large database of pneumococcal isolates and have elucidated the population genetic structure within each serotype. Through the use of sophisticated genetic analysis, we have the capability to detect shifts in clonal populations within each serotype and to recognize clones expressing non-PCV7 serotypes that were formerly identified with PCV7 serotypes.

	Study design/Plan:
	Cases of invasive pneumococcal disease, defined as an illness with pneumococcus isolated from a normally sterile site, will be identified through ABCs.  ABCs personnel have been conducting active surveillance for invasive pneumococcal disease since 1995 and have successfully performed a number of special studies.  ABCs surveillance officers in 9 states contact all clinical laboratories in their areas to identify cases and conduct audits to ensure complete reporting.  Isolates are collected and undergo susceptibility testing and serotyping at CDC and 2 other reference laboratories.    

Surveillance personnel routinely conduct a review of medical records from the pneumococcal illness to gather information including patient demographics, diagnosis, illness outcome, and immunocompromising and chronic conditions.  For this investigation, surveillance officers will also gather additional information for all cases occurring in 2004 and 2005 in children <5 years of age, an agegroup that should have received PCV7.  For these cases, surveillance officers will contact the patient’s primary care provider to obtain a vaccination history and results from any evaluation for immune system disorders.  Surveillance officers will follow a protocol to contact the provider by phone with the request and will fax a one-page form to the provider’s office for completion.  Non-responding providers will be reminded by phone and/or fax.

Data on vaccination history and immune system evaluation will be combined with serotyping results and information on underlying conditions from the ABCs case report form.  We will conduct frequencies and chi-square analyses using this information to evaluate the proportion of cases occurring due to lack of vaccination, that occur in children with conditions that may predispose them to have poor response to vaccination, or that are caused by non-vaccine serotypes.  In addition, we will look for lots of vaccine that occur repeatedly among these cases, vaccination schedules that are associated with higher than expected numbers of vaccine failures, or vaccine serotypes more commonly associated with failure.  We expect 250-300 cases in each year; 85% of cases will have an isolate available for evaluation and we expect to obtain vaccine histories for 60-75%.   

Isolates from these cases in children <5 years will undergo genotyping at CDC and two other collaborating laboratories.  Investigators in these laboratories have worked together for 4 years and have established molecular typing protocols.  They have characterized the genetic population structure of invasive pneumococci causing invasive disease in children in the United States during 1999 (before PCV7 introduction) and are nearly finished with strains from 2001 (immediately after introduction).  Isolates will undergo pulsed field gel electrophoresis (PFGE) analysis of SmaI-digested chromosomal DNA.  Using a Bionumerics genetic analysis package, we will compare these profiles to our extensive database of PFGE profiles that have been previously correlated with MLST clonal identifiers (see Gertz et al. J Clin Microbiol 2003;41:4194-216).  Isolates with unique PFGE profiles will undergo MLST for definitive clonal assignment.  Using these data, we will address the following questions:

1. Is PCV7 selecting for the acquisition of new, non-PCV7 serotypes within highly virulent clones currently targeted by PCV7?

2. Are there specific clones with vaccine or vaccine-related serotypes that are preferentially increasing within their respective serotypes? This would indicate specific clonal features that are conducive to vaccine escape, and would call for detailed study of virulence determinants in these clones compared to less successful clones of the same serotype.

These findings will identify potential PCV7 selective effects on the pneumococcal population. Our results could influence vaccine development strategies and pave the way for studies elucidating specific clonal features (e.g. composition and expression of virulence genes) associated with the capability for vaccine escape. 
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