Evaluating the added value of integrating wastewater data to forecast hospital admissions
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Introduction

 Developed a model that jointly fits hospital admissions data and wastewater
concentration data at the site-level to produce short-term (28-day) forecasts of
COVID-19 hospital admissions

 Published forecasts for 50 states, DC, PR, and the U.S. in the COVID-19 Forecast

Hub

* Evaluating the performance of the wastewater-informed model compared to
the same semi-mechanistic renewal model fit only to hospital admissions
* Comparison to other forecast models submitting to the COVID-19 Forecast Hub
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we began submitting wastewater-informed forecasts in February 2024
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Example fit and forecast at a single forecast date
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Model description

delay from infection to hospital admission

gets infected
Person unobservable

delay from infection to fecal sheddingl
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not reported detected via wastewater surveillance data are reported to CDC

The model is a Bayesian hierarchical inference model fit jointly to wastewater concentrations in each site and total hospital
admissions in each state. The model estimates latent variables of incident infections via a semi-mechanistic renewal approach,
with the hierarchy imposed around central infection dynamic, the effective reproductive number, R(t). Site R(t)s are modeled as
deviations from the state R(t), and R(t) gives rise to incident infections which either generates expected observed hospital
admissions or expected observed wastewater concentrations. The model is fit by estimating the most likely latent infections to
give rise to the observations, and forecasts are generated by evolving the R(t) time evolution model forward and generating

expected observations.
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Example fit across all forecast dates

Forecast performance comparison for 3 states across all forecast dates, broken down by forecast horizon. A

lower CRPS score indicates a better forecast.
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Retrospective and real-time Hub performance

Average weighted interval scores by model
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* Wastewater-informed model appears to perform best in January, presumably
because of its ability to predict peak timing

* OQOverall, the model performed worse than the ensemble but better than the leading
individual model (UMass-trends_ensemble)

* The hospital admissions-only renewal model performs well retrospectively

* The wastewater model is slightly better calibrated than the hospital admissions
model

Evaluation across forecast dates, locations, and horizons
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Comparing head-to-head the wastewater informed model vs the hospital admissions only
model, we see that on average the forecast performance is about the same. However,
there are not able improvements (lower relative CRPS) in mid-to-late January, which is
around the time when admissions peaked.
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Based on the interval coverage plots where we consistently see the
wastewater model (green line) closer to the ideal interval coverage (dashed
line), the wastewater model (green line) appears to be better calibrated
(has the right amount of uncertainty) than the hospital admissions only
model.

Current & future work

* Investigate the relationship between the performance of the wastewater-informed

forecast and characteristics of a state’s wastewater data
* For example, what is the impact of population coverage, collection frequency,
and reporting latency on performance?

e Continued model development to improve handling of wastewater generative
process—in particular, incorporating lab methods more explicitly into the model

* Developing an R package to allow state and local partners to run the model on their
own data

* Incorporating geospatial information into model directly

* Applying the model to flu data

Code availability

All the code used to perform this analysis can be found at https://github.com/cdcgov/wastewater-informed-covid-
forecasting. If you have feedback, please submit an issue or reach out directly: uoxl@cdc.gov

We are in the process of developing an R package called wwinference to enable users to run the model on their own data

and explore the outputs. If you’d like to request a feature or try it out, it can be found here:
https://qgithub.com/cdcgov/ww-inference-model
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