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COVID-19 in the United States

• First reported death early February
• Explosive growth in the Northeast US
• Slower growth elsewhere, with recent upticks
• Testing was slow to start and geographically uneven

NYTimes

New York Entire US
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Tracking the epidemic in the absence of 

reliable virological data
ED visits for influenza-like illness

Ambulance calls for breathing difficulty

-Provides more timely data that ‘official’ statistics that rely on laboratory confirmation
- But can itself be biased by changes in behaviors
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Tracking deaths

• Counting deaths might be less biased than counting cases
• Coding/diagnosis might be more reliable for deaths
• BUT…

– Criteria for defining a death as COVID-19 related varies by area
– Lack of testing still likely an impediment
– Coding for cause of death takes a long time

• So: track changes in deaths due to any cause or due to broad 
outcomes like pneumonia
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Cause of death statistics in the US

• Cause of death coded by physician/nurse (natural causes) or 
by medical examiner/coroner 

• Typically assign an underlying cause and a contributing cause
– Coronavirus as underlying cause; pneumonia, cardiac arrest as 

contributing causes
– Assignment of cause of death is an art

• CDC recommends recording confirmed and suspected COVID 
deaths; but adherence varies by state

• Data registered by the state, reported to the CDC/NCHS
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The politicization of death statistics
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Why are the reported number of deaths likely 

an undercount?
• Many deaths do not receive a 

pathogen-specific cause of death 
• Testing for coronavirus is still 

sub-optimal 
• Application of death coding 

criteria uneven (requirement for 
lab confirmation vs suspected)

Reichert et al 2004 AJE
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Analysis goals

• Quantify the excess burden of deaths due to any cause
• Quantify the excess burden of deaths recorded as to 

“pneumonia and influenza ” OR COVID-19 
• Compare excess deaths and reported deaths
• Evaluate causes of the gap

• Adjust for reporting delays to obtain timely estimates…
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Top line finding

From March 1-May 30:

95,235 reported COVID-19 deaths

122,000 excess deaths

Gap between reported an excess 
deaths shrank over time
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Data

• Weekly deaths due to all causes or due 
to pneumonia, influenza, or COVID-19  
from NCHS multiple cause data for each 
state

• Testing and confirmed deaths from 
covidtracking.com

https://www.cdc.gov/flu/weekly/index.htm

https://www.cdc.gov/flu/weekly/index.htm
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General Approach: all-cause data 

• Seasonal regression, adjusting for flu activity in the previous 
week:

All_Deathsi,t ~ Poisson(𝝺𝝺i,t)
log(𝝺𝝺i,t) = 𝜷𝜷0 + 
𝜷𝜷1*sin(ϴt) + 𝜷𝜷2*cos(ϴt) + 𝜷𝜷3*sin(ϴt/2) + 𝜷𝜷4*cos(ϴt/2) + 
𝜷𝜷6*log(Flu_Epidemici,t-1) + 
𝛾𝛾i +  𝛼𝛼i*log(Flu_Epidemici,t-1)  +
log(proportion_completet) 

Baseline  and flu effect varies year-to-year

Flu percent positive in previous week
Seasonality

Reporting delay, estimated by Bayesian nowcasting (NoBbs)



YaleYale
General approach

• Fit to data through beginning of February
• Extrapolate seasonality and baseline forward for Feb-May, 

assuming seasonality and baseline are consistent
• Generate prediction intervals by resampling:

– Stage 1: Sample from MVN to capture parameter uncertainty
– Stage 2: Sample from Poisson (mean=stage 1 estimates) to capture 

prediction uncertainty
– (Working on Bayesian alternative)
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Challenge #1: Flu activity

• We want to adjust for flu activity;
– Could help to avoid attributing excess deaths in March to flu
– BUT: flu fell to historically low levels; adjustment for flu would bias 

the baseline
– Solution: de-seasonalize flu, and use 
flu-above-baseline to adjust death counts
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Challenge #2: Lags in reporting of deaths

-Provisional 
counts stabilize 
after ~4 weeks

Jenny Chen
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Lags in reporting vary by state

Kentucky

New York
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Correction for reporting delays

• Use Nowcasting by Bayesian Smoothing approach of 
McGough et al (PLOS Comp Biol 2020)

• Obtain ‘provisional’ reports of number of deaths that 
occurred in each week , update weekly

Nt,d ~ Poisson (lambdat,d)

log(lambdat,d) = alphat + log(Betad)

sum(Betad)  the proportion of 
deaths that have been reported for a 
given delay 

Number of death in week t
that were reported d weeks 
after the death

Alpha is a random walk

Beta gives the proportion of the 
deaths reported in week d
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General Approach: all-cause data 

• Seasonal regression, adjusting for flu activity in the previous 
week:

All_Deathsi,t ~ Poisson(𝝺𝝺i,t)
log(𝝺𝝺i,t) = 𝜷𝜷0 + 
𝜷𝜷1*sin(ϴt) + 𝜷𝜷2*cos(ϴt) + 𝜷𝜷3*sin(ϴt/2) + 𝜷𝜷4*cos(ϴt/2) + 
𝜷𝜷6*log(Flu_Epidemici,t-1) + 
𝛾𝛾i +  𝛼𝛼i*log(Flu_Epidemici,t-1)  +
log(proportion_completet) 

Baseline  and flu effect varies year-to-year

Flu percent positive in previous week
Seasonality

Reporting delay, estimated by Bayesian nowcasting (NoBbs)
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Fit of the models to pre-pandemic data
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Observed and Excess deaths due to COVID-19, pneumonia/influenza/Covid-19, and all-causes COVID-19, from March 1, 2020 through May 30, 2020

State Observed Deaths Expected deaths Excess all-cause 
deaths

COVID-19 deaths 
(U07.1)

Excess 
Pneumonia/Influenz
a/Covid-19 deaths

Excess all-cause 
deaths/100,000

US 780975 658700 122300 
(116800,127000) 95235 94130 

(92350,95690) 37.3 (35.6,38.7)

NYC 38170 13000 25100 
(24800,25400) 18603 17500 

(17280,17670) 299.1 (295.3,302.7)

NJ 34013 17800 16200 
(15800,16500) 11952 12060 

(11910,12180) 182.3 (178.1,186.2)

NY 36871 24600 12300 
(11900,12700) 9773 9220 (9040,9380) 111.4 (107.4,114.9)

MA 22146 14700 7400 (7100,7700) 6627 6400 (6280,6510) 107.6 (103,112.2)
LA 13256 10200 3000 (2700,3300) 2310 2340 (2270,2400) 64.7 (59.1,70.3)
MI 30044 23900 6100 (5700,6600) 4839 4740 (4620,4870) 61.4 (56.7,65.6)
IL 33296 25800 7500 (7100,7900) 4911 4920 (4800,5050) 59.2 (55.7,62.3)
SC 13601 12200 1400 (1100,1700) 528 480 (400,550) 27.9 (21.8,33.6)
AZ 16929 15200 1800 (1400,2100) 846 930 (840,1010) 24 (19.6,28.5)
GA 22105 19900 2200 (1800,2600) 1686 1800 (1710,1880) 21 (17.2,24.4)
WA 15367 14000 1300 (1000,1700) 1021 1010 (930,1090) 17.5 (13.4,21.7)
CA 72407 65600 6800 (6100,7500) 4046 4130 (3940,4330) 17.2 (15.5,19)
FL 56462 52900 3500 (2900,4100) 2457 2940 (2780,3080) 16.4 (13.4,19.3)

-Excess death rate varies by >10x between states
-Gap between excess and COVID death varies by states
-Few unexplained pneumonia deaths
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Observed and expected 
proportion of deaths due to 
P&I, by state,
through May 30, compared to 
previous years

Recent dip in observed and 
baseline is due to reporting 
delays
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The increase in excess 
deaths
lagged behind spikes in 
influenza-like illness 
by several weeks
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Excess deaths increased 
earlier and more 
intensely than
reported COVID deaths

This difference was more 
pronounced where 
testing ramped up later
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Relationship between testing and unattributed 

COVID deaths

As testing increased, the gap between excess 
deaths and COVID-19 deaths narrowed 
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A comment on the excess gap

• When we started monitoring this, excess deaths were 60% 
higher than reported deaths

• This has now narrowed to <30% (nationally)

• This is because of: backfilling of cause of death data; changes 
in criteria for attributing deaths to COVID-19, increased 
testing…
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What is causing the unattributed excess?

Alzheimers/dementia might reflect that a large proportion of deaths occur 
in nursing homes

https://www.cdc.gov/nchs/nvss/vsrr/covid19/excess_deaths.htm

https://www.cdc.gov/nchs/nvss/vsrr/covid19/excess_deaths.htm
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Sensitivity analysis: empirical baseline

• Calculate average 
cases/week in 
previous years

• Good agreement 
with modeled 
baseline until early 
May (reporting 
delays)
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Sensitivity analysis: exclude influenza adjustment

Excess deaths, adjusted for 
influenza

Excess deaths, unadjusted 
for influenza

AK -100 (-200,0) -70 (-160,0)

AL 900 (600,1200) 710 (420,1000)

AR 100 (-200,300) 80 (-170,300)

AZ 1800 (1400,2100) 1250 (900,1570)

CA 6800 (6100,7500) 6190 (5500,6850)

CO 1900 (1600,2100) 1730 (1450,1980)

DC 500 (400,600) 490 (400,590)

DE 400 (300,600) 440 (320,550)

FL 3500 (2900,4100) 2770 (2140,3370)

GA 2200 (1800,2600) 1960 (1580,2310)

HI -100 (-200,100) -80 (-230,50)

IA 100 (-100,400) 150 (-90,380)

ID 0 (-100,200) 10 (-160,160)

IL 7500 (7100,7900) 7370 (6910,7760)

IN 2100 (1800,2500) 2120 (1780,2440)

KS 0 (-200,200) 10 (-200,220)

Adjustment for influenza pulls baseline 
down slightly, which increases excess 
estimates in some states
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Conclusions

• Official statistics likely undercount the burden of deaths due to 
COVID-19

• There is no evidence that official tolls over count COVID deaths
• The degree of undercounting varies by state and over time and 

might be partially related to testing intensity
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Possible methodological extensions

• Integrate with case and testing data into a Bayesian 
nowcasting model

• Incorporate reporting delay model directly into main model of 
the baseline

• Develop more parsimonious hierarchical mode with the states

• Continue to monitor as states reopen
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Other work on Covid-19

• Developed an R package for estimating and visualizing 
increases above seasonal baselines (ExcessILI)
– Now being used by Partners in Health, city of Chicago, AZ DPH, TX 

DPH… to monitor syndromic surveillance signals

• Collaborations on estimating effective reproductive number 
from imperfect data (Ted Cohen, Ginny Pitzer et al)
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Resources

Estimating the early death toll of COVID-19 in the United States

https://doi.org/10.1101/2020.04.15.20066431

https://github.com/weinbergerlab/ExcessILI package
https://github.com/weinbergerlab/excess_pi_covid death data and 
code
Full paper coming very soon

https://doi.org/10.1101/2020.04.15.20066431
https://github.com/weinbergerlab/ExcessILI
https://github.com/weinbergerlab/excess_pi_covid
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