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New reported cases
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But how many unreported?
Total in US ~ 80 million (Apr 21)



NIH Serosurvey (Kaitlyn Sadtler,NIBIB)
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Neoteryx Mitra Volumetric Blood Sampling Kit Quota-Based Sampling from large volunteer pool
(at-home dried blood) (Goal: n=10,000)

Participating IC’s & Sites: NIBIB, NCATS, NIAID, FNLCR, UPitt, UAB






Can’t assay everyone all the time

Extrapolate with a model



Modeling a pandemic is hard

Biology Is complicated
Data - incomplete, misreporting, changing standards

Network/spatial effects - not homogeneous

Population dependence, e.g. age, comorbidities, genetics, history

Physiology - duration and severity

Behavior and policy



What should a model include?



Minimal model
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Network dependent birth-death stochastic process



Mass Action SIR
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Mass Action SIR
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Recurrence and plateaus
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Time dependence

Policy, behavior, viral evolution, ...
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Plateaus
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Spatial Heterogeneity i
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Weekly totals spanning from March 8, 2020 to September 4, 2020.



Model needs to include at least:

Time dependent infection rate, migration, spatial inhomogeneity



Reported cases are a fraction of total infected

Case ascertainment ratio = total cases/total infections



SIR model
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| atent variable SICR model
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Vaccine
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Measures

CAR: = total cases / total infected

IRt = total infected / total population

Rt = time dependent reproduction number



Fitting models in the presence of data and parameter uncertainty
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Bayesian Inference

Statistics by applying the rules of probability

P(A,B) = P(A|B)P(B) = P(B|A)P(A)

P(A) = ZBIP(A\B)P(B)



Bayesian Inference

Fitting models in the presence of data and parameter uncertainty

Data has noise

D ~ P(D|y(0))

Model depends on parameters

y(6)

eq.  P(Dayiecai CRDUAD)) = P(D|6)



Bayesian Inference

Fitting models in the presence of data and parameter uncertainty

Prior
arameter posterior — P(D‘H)P(H) — P(D‘H)P(H)
e PeI) = P(D) [ P(D|9)P(6)d6

Projections P(D|D) = [ P(D|0)P(6|D)d6



Bayesian model comparison and model averaging

Try lots of models, M Balance fit with complexity
°*D
5 p(u|D) = FOIDPG)
P(D)
Maximize model likelihood P(D|M) Bayes factor
Maximize prediction P(E\ M) cross-validation, Information measures,

e.g. AIC, WAIC,...



Pick the right data to fit

Susceptible, S Infected, / Unsusceptible, U
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Noise model

If events arrive randomly then counts are Poisson distributed

Add extra variance due to heterogeneity and misreporting

New cases/day  _ NegBinom(o,I, ¢)
New recoveries /day  _ NegBinom(o,C, ¢)
Daily deaths / day ~ NegBinom(opC, ¢)
/12
var = 1 4+ — Over dispersion compared to Poisson

¢



. NIH seropositivity estimates for May 9 - June 25, 2020
Include as prior
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Hierarchical (mixed) model using Stan

https://mc-stan.org/

Markov Chain Monte Carlo (NUTS)

https://github.com/nih-niddk-mbs/covid-sicr/tree/Hierarchical



Case Ascertainment Ratio (CAR)
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Immunized Fraction (IR)

Fraction infected and/or vaccinated
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Fraction of “immunized” population infected (RlI,) Reinfections (RI)
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median predicted total infected fraction during Waves 1 and 2
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median predicted total infected fraction during Waves 3, Delta, and Omicron

AK VT NH ME

S =R O =l

NY CT MA

i e

83
068

WA MT

ND SD MN Wi MI PA  NJ RI
///-/r'/r’////j// ///jfj region

k:

OR ID WY NE IA IL IN OH VA DC DE —  Mid-Atlantic
8%// S / S5eef: ma=w: Eager: /’j // zs=sgk ==sof // ——  Midwest
NV. UT CO KS MO TN KY WV NC MD — Mountain/Southwest
%égé// // IJ / / / // / // /’J — Northeast
| ——  South/Central
CA AZ NM OK AR MS AL GA SC
5 - — West/Pacific
WaseE R I CEE: E EE: B S G
TX LA FL New cas:as: 933,326
i Omicron
e it
HI
R

Weekly averages spanning from October 4, 2020 to March 20, 2022. tee v — iy i 203



Total Reproduction Number (Rt)
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