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	Abstract
	Background. Pertussis is one of the most poorly controlled vaccine-preventable diseases in the US; 9,771 cases and 21 infant deaths were reported in 2002. These passively-reported cases significantly underestimate the true burden of disease. A clear understanding of the current epidemiology of pertussis in all age groups is hampered by significant limitations in laboratory methods available for confirming pertussis. Un-validated PCR and serologic assays have been used with the result of falsely-positive cases and thousands of public health monies needlessly spent on outbreak control. An accurate understanding of the epidemiology is critical to inform decisions on the need, if any, for additional vaccination strategies (e.g., pertussis vaccination of adolescents and adults) and to monitor the effect of any strategies that are adopted.  Objective: To clinically validate the novel CDC polymerase chain reaction (PCR) assay for the detection of Bordetella pertussis in nasopharyngeal specimens (NPS), and to validate the novel FDA anti-pertussis toxin IgG serologic assay. Methods: Suspected cases will be identified through collaboration with state/local health departments, active surveillance sites, and/or academic centers. CDC staff/collaborators will enroll and obtain NPS for culture and PCR and sera from 200 patients aged ≥11 years in whom pertussis is

	Abstract (continued)
	suspected. The sensitivity/specificity of the novel PCR and serologic assays and culture will be determined.  An additional 200 patients who provide NPS but do not provide serology will also be enrolled. Analysis: Latent class analysis, a method for assessing performance when no true gold standard exists requires results from three independent tests.  For 200 patients aged ≥11 years the three tests will be culture, PCR, and serology. In an additional 200 enrollees on whom serology can not be obtained, the three tests will be culture, PCR, and classification by clinical and epidemiologic-linkage case definitions.

	Specific Aims
	1. To clinically validate the novel CDC pertussis PCR assay; 2. To clinically validate the novel FDA pertussis serologic assay in persons aged ≥11 years; and 
3. After inter-laboratory validation, to transfer the technology for both assays to state public health laboratories.

	Background
	Pertussis is one of the most poorly controlled vaccine-preventable diseases in the US; 9,771 cases and 21 infant deaths were reported in 2002; passive reporting significantly underestimates the true burden of disease. A clear understanding of the current epidemiology of pertussis in all age groups is hampered by significant limitations in the laboratory methods available to confirm the diagnosis. The ability to accurately measure the effect of any additional strategies (such as adolescent or adult vaccination), on reducing the morbidity and mortality from pertussis depends on the availability of accurate diagnostic tests.  Un-validated PCR and serologic assays have been used with the result of falsely-positive cases and thousands of public health monies needlessly spent on outbreak control.  Culture of NPS for B. pertussis, the current diagnostic standard, is insensitive (<50%) even when samples are obtained within 14 days of cough onset.  Because most adolescents and adults do not seek medical care for their cough until much later (e.g., ≥1 month after cough onset), culture, if attempted, will be negative. The insensitivity of culture (particularly in adolescent/adult age groups at strongest consideration for a new vaccine) also reduces physician incentive to try and confirm suspected cases and can result in over- or under-treatment of patients.  Furthermore, even in the minority of truly infected persons yielding a positive culture result, the long delay to detecting organism growth (usually 7-10 days) results in delayed implementation of control measures, thereby increasing the potential of spread to close contacts. Reduction of morbidity and mortality from pertussis depends in part on improving our ability to rapidly and accurately diagnose cases early in the acute illness and promptly implement control measures. Several studies have demonstrated the potential of PCR assays to detect B. pertussis DNA from nasopharyngeal swabs faster and with greater sensitivity than culture. However, assays available in the U.S. have not undergone the rigorous methods necessary for validation in the clinical setting. The CDC has developed and optimized a novel PCR assay. A novel serologic test has also been developed by FDA for use in persons aged ≥11 years. Because vaccine-induced (the last dose is given at age <7
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	years) protection wanes with time, this serologic test can be useful for diagnosis of recent infection in persons aged ≥11 years.After the clinical validation proposed by this study, the PCR and serologic assays would be ready for inter-laboratory validation with state public health laboratories.  The transfer of validated technology, along with possible comparison to selected PCR assays that are currently in use but have not been validated, will ultimately give state laboratories access to the most accurate assays.  The availability of such assays will greatly improve detection of disease and increase the quality of epidemiological data. 

	Study Design/Plan
	Subjects: During pertussis outbreaks or periods of regional increase in reported pertussis, 400 subjects will be enrolled through collaboration with local health departments; at least 200 will be aged ≥11 years. Other potential collaborators for enrolling subjects will be site(s) involved in active surveillance for pertussis or academic centers whose laboratories are regional centers for sample collection from suspect cases.  When collaboration is established, an on-site study coordinator will be recruited (local health department staff or contractor) to enroll patients and obtain clinical specimens.  
Methods: Two NPS (for culture and PCR) will be obtained on consenting persons aged ≥11 years. Site staff will provide the results of culture and PCR to patients and will implement treatment and control measures according to their routine practices. Enrollees will be asked to provide a serum sample at a second visit 3-8 weeks after cough onset.  Serum specimens will be sent to FDA and assayed for anti-pertussis toxin IgG. Sera will be stored for future use in development of other novel assays.  Analysis: We will use latent class analysis to measure the sensitivity and specificity of the three independent tests: culture, PCR, and serology.  For persons (e.g., children aged ≤10 years) who do not provide serology we will measure the sensitivity and specificity of culture, PCR, and the clinical case definition. LCA has been used for assessing performance of other new diagnostic tests (for example, immunoassays for C. trachomatis; PCR for S. pneumoniae infection) when a true gold standard test does not exist. The standard approach for assessing the performance of a new pertussis PCR assay has been to measure the sensitivity of the assay relative to another test. This approach, while common in the literature, is problematic because of the low sensitivity of both culture and serology and results in PCR assays appearing more sensitive than they actually are. LCA requires three independent diagnostic tests be used and assumes that there exists some unobservable infection status (the “internal gold standard”). LCA estimates the prevalence of infection and sensitivity/specificity for each of the three tests. 

    Clinically validated PCR and serologic assays for pertussis will greatly enhance our ability to understand the burden of pertussis in adolescents and adults and will be needed to monitor new vaccination strategies. 
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