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How This Project Came About
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Rogan—Gladen Estimator

Rogan, W. J., & Gladen, B. (1978). Estimating prevalence from the results of a screening test. American Journal of Epidemiology, 107(1), 71-76.

measured
prevalence

measured, error-
corrected prevalence

Basic idea: Use of seroprevalence data (ideally 
an age-stratified random sample) to estimate 
“true prevalence”:

properties of 
combined tests 
(primary focus 

of this talk)
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The Variety of SARS-CoV-2 Tests

• Wide variety of assays: commercial platforms + in house ‑
ELISAs targeting N, S, or total antibodies.

• Studies used 1–4 combined tests with OR, AND, or other 
Boolean functions.

• Effective sensitivity varied (≈50–100%) while specificity 
was usually high (≈98–100%).

• Seroprevalence estimates depend strongly on assay 
choice, combination strategy, and adjustment methods.
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Aggregating Results From Two Tests

Böttcher, L., D’Orsogna, M. R., & Chou, T. (2025). Aggregating multiple test results to improve medical decision-making. PLOS Computational Biology, 21(1), 
e1012749.
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Aggregating Results From Two Tests

What are the sensitivity and specificity of a test that combines two 
constituent tests using the AND function?

Böttcher, L., D’Orsogna, M. R., & Chou, T. (2025). Aggregating multiple test results to improve medical decision-making. PLOS Computational Biology, 21(1), 
e1012749.

sensitivity assuming conditional independence 
of test results given the disease status 
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Aggregating Results From Two Tests

What are the sensitivity and specificity of a test that combines two 
constituent tests using the AND function?

Böttcher, L., D’Orsogna, M. R., & Chou, T. (2025). Aggregating multiple test results to improve medical decision-making. PLOS Computational Biology, 21(1), 
e1012749.

sensitivity assuming conditional independence 
of test results given the disease status 

correlation effects → Boole–Fréchet inequalities
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Aggregating Results From Two Tests

What are the sensitivity and specificity of a test that combines two 
constituent tests using the AND function?

Böttcher, L., D’Orsogna, M. R., & Chou, T. (2025). Aggregating multiple test results to improve medical decision-making. PLOS Computational Biology, 21(1), 
e1012749.

specificity assuming conditional independence of 
test results given the disease status 
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Aggregating Results From Two Tests

Böttcher, L., D’Orsogna, M. R., & Chou, T. (2025). Aggregating multiple test results to improve medical decision-making. PLOS Computational Biology, 21(1), 
e1012749.

correlation effects → Boole–Fréchet inequalities

(These are tight bounds.)
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Parallel Versus Sequential Tests

● Sensitivity and specificity remain the same for both 
parallel and sequential test aggregation.

Böttcher, L., D’Orsogna, M. R., & Chou, T. (2025). Aggregating multiple test results to improve medical decision-making. PLOS Computational Biology, 21(1), 
e1012749.
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Parallel Versus Sequential Tests

● Sensitivity and specificity remain the same for both 
parallel and sequential test aggregation.

● Sequential testing requires fewer tests, reducing costs.

Böttcher, L., D’Orsogna, M. R., & Chou, T. (2025). Aggregating multiple test results to improve medical decision-making. PLOS Computational Biology, 21(1), 
e1012749.
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Parallel Versus Sequential Tests

● Sensitivity and specificity remain the same for both 
parallel and sequential test aggregation.

● Sequential testing requires fewer tests, reducing costs.

● Parallel testing may be preferable for slow-processing 
tests (e.g., ELISA, RT-PCR) to minimize delays.

Böttcher, L., D’Orsogna, M. R., & Chou, T. (2025). Aggregating multiple test results to improve medical decision-making. PLOS Computational Biology, 21(1), 
e1012749.
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Properties of AND and OR Combined Tests

Böttcher, L., D’Orsogna, M. R., & Chou, T. (2025). Aggregating multiple test results to improve medical decision-making. PLOS Computational Biology, 21(1), 
e1012749.

● At low prevalence, false positives are the primary source of error. 
Therefore, the AND protocol is useful as it maximizes specificity (false 
positive rate = 1 – specificity).
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Properties of AND and OR Combined Tests

Böttcher, L., D’Orsogna, M. R., & Chou, T. (2025). Aggregating multiple test results to improve medical decision-making. PLOS Computational Biology, 21(1), 
e1012749.

● At low prevalence, false positives are the primary source of error. 
Therefore, the AND protocol is useful as it maximizes specificity (false 
positive rate = 1 – specificity).

● At high prevalence, false negatives become the dominant source of 
error. In this case, the OR protocol is preferable as it maximizes 
sensitivity (false negative rate = 1 – sensitivity).
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Aggregating Results From n Tests

Böttcher, L., D’Orsogna, M. R., & Chou, T. (2025). Aggregating multiple test results to improve medical decision-making. PLOS Computational Biology, 21(1), 
e1012749.
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Efficiently Combining n Tests

Böttcher, L., D’Orsogna, M. R., & Chou, T. (2025). Aggregating multiple test results to improve medical decision-making. PLOS Computational Biology, 21(1), 
e1012749.
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Efficiently Combining n Tests

Food and Drug Administration calculator for positive predictive value (PPV) and negative predictive value (NPV) for individual tests and combined; Accessed: 
March 14, 2024. Available from: https://www.fda.gov/media/137612/download. 

official “state-of-the-art” FDA calculator for two tests
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Efficiently Combining n Tests

Böttcher, L., D’Orsogna, M. R., & Chou, T. (2025). Aggregating multiple test results to improve medical decision-making. PLOS Computational Biology, 21(1), 
e1012749.

We developed an algorithm that calculates sensitivities and specificities 
of combined tests that are based on n constituent tests.

The “efficient frontier” can be determined with a convex-hull algorithm.
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Efficiently Combining n Tests

Böttcher, L., D’Orsogna, M. R., & Chou, T. (2025). Aggregating multiple test results to improve medical decision-making. PLOS Computational Biology, 21(1), 
e1012749.
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Efficiently Combining n Tests

Böttcher, L., D’Orsogna, M. R., & Chou, T. (2025). Aggregating multiple test results to improve medical decision-making. PLOS Computational Biology, 21(1), 
e1012749.
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Summary and Outlook

Böttcher, L., D’Orsogna, M. R., & Chou, T. (2025). Aggregating multiple test results to improve medical decision-making. PLOS Computational Biology, 21(1), 
e1012749.
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Summary and Outlook

Böttcher, L., D’Orsogna, M. R., & Chou, T. (2025). Aggregating multiple test results to improve medical decision-making. PLOS Computational Biology, 21(1), 
e1012749.

● We developed statistical tools to efficiently combine tests, adjusting the false 
positive-false negative tradeoff for specific applications.
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Summary and Outlook

Böttcher, L., D’Orsogna, M. R., & Chou, T. (2025). Aggregating multiple test results to improve medical decision-making. PLOS Computational Biology, 21(1), 
e1012749.

● We developed statistical tools to efficiently combine tests, adjusting the false 
positive-false negative tradeoff for specific applications.

● We showed how our method can help improve disease prevalence estimates in 
infectious-disease surveillance.
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Summary and Outlook

Böttcher, L., D’Orsogna, M. R., & Chou, T. (2025). Aggregating multiple test results to improve medical decision-making. PLOS Computational Biology, 21(1), 
e1012749.

● We developed statistical tools to efficiently combine tests, adjusting the false 
positive-false negative tradeoff for specific applications.

● We showed how our method can help improve disease prevalence estimates in 
infectious-disease surveillance.

● Collaborating with manufacturers is important for future work to account for 
empirical correlation effects, which are often not reported on manufacturer 
sheets.
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(1) How does adding one additional test affect TPR and TNR across different 
aggregation functions?
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(2) Can one develop an algorithm for generalized Boole—Fréchet bounds?
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