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a b s t r a c t 

Background: In the United States, Coronavirus Disease 2019 (COVID-19) deaths are captured through 

the National Notifiable Disease Surveillance System and death certificates reported to the National Vi- 

tal Statistics System (NVSS). However, not all COVID-19 deaths are recognized and reported because of 

limitations in testing, exacerbation of chronic health conditions that are listed as the cause of death, or 

delays in reporting. Estimating deaths may provide a more comprehensive understanding of total COVID- 

19–attributable deaths. 

Methods: We estimated COVID-19 unrecognized attributable deaths, from March 2020—April 2021, us- 

ing all-cause deaths reported to NVSS by week and six age groups (0–17, 18–49, 50–64, 65–74, 75–84, 

and ≥85 years) for 50 states, New York City, and the District of Columbia using a linear time series re- 

gression model. Reported COVID-19 deaths were subtracted from all-cause deaths before applying the 

model. Weekly expected deaths, assuming no SARS-CoV-2 circulation and predicted all-cause deaths us- 

ing SARS-CoV-2 weekly percent positive as a covariate were modelled by age group and including state 

as a random intercept. COVID-19–attributable unrecognized deaths were calculated for each state and age 

group by subtracting the expected all-cause deaths from the predicted deaths. 

Findings: We estimated that 766,611 deaths attributable to COVID-19 occurred in the United States from 

March 8, 2020—May 29, 2021. Of these, 184,477 (24%) deaths were not documented on death certificates. 

Eighty-two percent of unrecognized deaths were among persons aged ≥65 years; the proportion of un- 

recognized deaths were 0 • 24–0 • 31 times lower among those 0–17 years relative to all other age groups. 

More COVID-19–attributable deaths were not captured during the early months of the pandemic (March–

May 2020) and during increases in SARS-CoV-2 activity (July 2020, November 2020—February 2021). 

Interpretation: Estimating COVID-19–attributable unrecognized deaths provides a better understanding of 

the COVID-19 mortality burden and may better quantify the severity of the COVID-19 pandemic. 

Funding: None 

© 2021 The Authors. Published by Elsevier Ltd. 
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Research in Context 

Evidence before this study The World Health Organiza- 
tion declared a global pandemic on March 11, 2020 in re- 
sponse to the emergence and spread of Coronavirus Dis- 
ease 2019 (COVID-19). Early estimates of excess deaths from 

the COVID-19 pandemic have been published, however, these 
studies have been unable to attribute these excess deaths to 
the SARS-CoV-2 virus and may overestimate the impact of 
the pandemic on mortality. We conducted a PubMed liter- 
ature search using the following search terms: “COVID-19”, 
“deaths”, “SARS-CoV-2”, “mortality”, “excess mortality”, and 

“death estimates” to identify any publications related to es- 
timating deaths during the COVID-19 pandemic. We identi- 
fied studies completed in the United States, but found limi- 
tations to the methods of these studies and opportunities to 
improve the approach and produce more reliable estimates 
of COVID-19 attributable deaths. Previous studies used excess 
mortality, time series ecological models with historic death 

counts to estimate the deaths that would be expected to oc- 
cur from all-causes regardless of SARS-CoV-2 circulation and 

the COVID-19 pandemic. These studies calculated the excess 
deaths by subtracting the estimated expected deaths from 

the total number of all-cause deaths reported during the 
study period without incorporating viral surveillance data. 
Death patterns during a pandemic or unexpected event may 
be different compared with time periods before the pan- 
demic, thus historic death data may not adequately capture 
these changes in death patterns during the pandemic period. 
Further, a pandemic may bring about changes in health seek- 
ing behaviours in the population, inability to access care, dis- 
ruptions in availability of medications or treatments, and lim- 
itations in hospital and emergency department capacity, all of 
which may not have been observed before the pandemic. Ad- 
ditionally, without accounting for at least the SARS-CoV-2 cir- 
culation, models may overestimate excess deaths because of 
the assumption that all deaths above those deaths that were 
estimated as being expected to occur regardless of COVID-19 
are attributable to the COVID-19 pandemic. 

Added value of this study Our study estimated COVID- 
19–attributable that were unrecognized on death certificates 
in the United States from March 8, 2020—May 29, 2021 ac- 
counting for SARS-CoV-2 circulation and using death data 
from only the pandemic period to estimate both expected 

deaths, assuming no SARS-CoV-2 circulation and predicted 

deaths, accounting for the circulation patterns of SARS-CoV- 
2. Previous studies estimating COVID-19 excess deaths during 
the pandemic utilized historic death data from prior seasons 
to measure expected deaths for hte pandemic period and 

capture the typical patterns of death that would be expected 

regardless of the COVID-19 pandemic. In contrast, our study 
used data from the beginning of the COVID-19 pandemic and 

developed a model that could estimate expected deaths only 
relying on current death counts, which might reduce the pos- 
sibility of underestimating the expected pattern of deaths 
during the pandemic period. Additionally, prior studies es- 
timating excess deaths during the COVID-19 pandemic did 

not account for the circulation of SARS-CoV-2, whereas our 
model incorporated SARS-CoV-2 viral surveillance data to ac- 
count for virus circulation by state, age, and time. Accounting 
for SARS-CoV-2 circulation reduces the risk of overestimating 
COVID-19 attributable deaths. 

Implications of all the available evidence Our estimates 
of COVID-19–attributable unrecognized deaths improve on 

previous excess death estimates and better describe the bur- 
den of the COVID-19 pandemic on mortality by including 
SARS-CoV-2 viral surveillance data and not relying historic 
death data to estimate expected all-cause deaths across time. 
The findings from this study improve our understanding 
about the burden of SARS-CoV-2 infections on mortality and 

better understand the severity of the COVID-19 pandemic. 
2

2 
The model allows for age-group and state-specific estimates 
of COVID-19–attributable and unrecognized deaths. The study 
also emphasizes the continued need to support detect, pre- 
vent, and control COVID-19, especially as over time the world 

begins to transition out of the pandemic. 

. Background 

Infections with Severe Acute Respiratory Syndrome Coron- 

virus 2 (SARS-CoV-2), the virus that causes Coronavirus Dis- 

ase 2019 (COVID-19), are nationally notifiable in the United 

tates [ 1 , 2 ]. States and territories report SARS-CoV-2 infections and 

eaths through the National Notifiable Disease Surveillance System 

NNDSS) to the Centers for Disease Control and Prevention (CDC). 

eaths from all causes in the United States are reported to the Na- 

ional Vital Statistics System (NVSS) within the National Center for 

ealth Statistics (NCHS), CDC [3] . NVSS classifies deaths using the 

nternational Classification of Diseases, 10 th Edition (ICD-10) codes 

nd if COVID-19 is listed on the death certificate as either an un- 

erlying or contributing cause of death, the death is assigned the 

CD-10 code for COVID-19 [4-7] . As of May 29, 2021, 589,526 ag- 

regate COVID-19 deaths were reported on the CDC COVID-19 Data 

racker [8] and 582,135 COVID-19 deaths were reported to NVSS 

9] . 

Counting deaths via either nationally notifiable disease report- 

ng or vital statistics might underestimate the full burden of 

OVID-19 mortality, as was observed during the 2009 influenza 

(H1N1) pandemic when globally reported deaths were approxi- 

ately 11 times lower than the estimated mortality burden [ 10 , 11 ].

ome reasons that reported deaths may be underestimates include 

hat persons who die from COVID-19 might not seek medical care, 

r might seek care when the virus is no longer detectable, or those 

ho do seek care might not be tested for SARS-CoV-2 infection 

12-14] . Additionally, test results might be unavailable or incor- 

ect because of timing of specimen collection, inadequate quality 

r quantity of the specimen collected, or sensitivity of the assay 

15] . Further, there are delays in death reporting to local public 

ealth officials and national surveillance systems [16] . For patients 

ith COVID-19, death can occur several days or weeks after being 

ested and reported and the death might be incorrectly attributed 

o a cause other than COVID-19 because of the time between iden- 

ification and death [17-20] . Also, SARS-CoV-2 infections may result 

n nonrespiratory complications or exacerbate chronic conditions, 

hich can lead to death (e.g., sepsis, circulatory diseases, respira- 

ory diseases, diabetes, or renal failure), and COVID-19 might be 

ncorrectly omitted as a contributing cause of death on the death 

ertificate [ 17 , 20-23 ]. Several years of monitoring influenza deaths 

ave provided evidence that influenza is not always listed as a 

ause of death although it likely contributed to the death [24-26] . 

urthermore, guidance for certifying COVID-19 deaths was issued 

n March 2020 and the ICD-10 code for COVID-19 was not avail- 

ble or widely used on death certificates until April 2020, and it 

s possible that death certifiers did not revise death certificates is- 

ued before that point to reflect the role of COVID-19 in the death 

4-7] . 

Statistical models have been used to describe COVID-19 deaths 

27-40] , using similar excess mortality methods that have been 

sed to estimate influenza-associated deaths [ 24-26 , 41 , 42 ]. Prior 

odels estimating COVID-19 deaths used historic cause-specific 

ortality data to estimate expected deaths over time with differ- 

nt approaches to account for seasonal trends in deaths. Expected 

eaths were those deaths from other causes that were presumed 

o happen during the analtyic time series assuming no SARS-CoV- 

 circulation and excess deaths were calculated by subtracting the 
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xpected deaths from reported all-cause deaths [ 27-40 , 42 ]. These 

ethods are not able to distinguish between deaths that may 

epresent misclassified COVID-19 deaths, but that may have been 

issed or not recorded and those deaths that may have occurred 

s a result of avoidance of emergency care or other factors which 

ay have changed over the course of pandemic (e.g., hospital over- 

rowding, increased drug overdoses, or other complications or ex- 

cerbations which may have resulted in death because of disrup- 

ions in treatment access). These methods are further limited be- 

ause without accounting for virus circulation, the resulting excess 

eath estimates include both the misclassified COVID-19 deaths 

nd deaths related to other factors from the pandemic, such as 

he inability to get necessary medical care [26] . To better quantify 

nd estimate the number of excess deaths that were not captured 

s COVID-19 deaths or unrecognized on death certificates, we de- 

eloped a regression model, using 2020–2021 all-cause mortality 

ata reported to NVSS and SARS-CoV-2 viral surveillance data for 

ix age groups across 50 states, New York City, and the District of 

olumbia. 

. Methods 

.1. Mortality Data 

Deaths are reported to NVSS using a standardized death cer- 

ificate with information on the deceased’s demographics, date of 

eath, place of death, and the chain of events leading to death, 

rom which a single underlying cause of death is selected, and, if 

pplicable, multiple contributing causes are determined. To classify 

ause-specific deaths, ICD-10 codes are assigned to diseases and 

onditions reported on the death certificate based on standard- 

zed coding rules, the process can take weeks to months and these 

ata are typically not available in real-time [43] . Although COVID- 

9 can exacerbate certain chronic health conditions or may result 

n acute complications, complete real-time counts for all cause- 

pecific deaths were not available at the time of this analysis. Fur- 

her, guidance for reporting COVID-19 deaths on death certificates 

as finalized in April 2020 and before this time, few death cer- 

ificates included COVID-19 as a cause of death [5-7] . In contrast, 

ll-cause death data are available more rapidly, in near real-time, 

nd, only lag real-time by one to two weeks [44] . We utilized all-

ause deaths categorized into epidemiologic week (week when the 

eaths occurred) by state and six age groups: 0–17 years, 18–49 

ears, 50–64 years, 65–74 years, 75–84 years, and ≥85 years to 

stimate unrecognized COVID-19 deaths. Information on all data 

ources are in eTable 1. 

Although all-cause deaths capture any death that occurs regard- 

ess of cause and are available in near real-time, there are delays 

n the death reporting, which can vary by jurisdiction [ 45 , 46 ]. To

ccount for delays in death reporting, we used two approaches 

o adjust all-cause death counts for weeks where death reporting 

as incomplete. The first approach weighted the reported all-cause 

eath counts per week by the inverse of the estimated complete- 

ess at the time the model was implemented [44] . The second ap- 

roach used a completeness percent calculated by comparing the 

eath count in a given week from the pandemic period to the av- 

rage death count in that same week from the previous five years 

46] . All-cause deaths were adjusted for reporting delays when 

he weighted under-reporting percent was less than one. If the 

eighted under-reporting percent was missing, all-cause deaths 

ere adjusted if the completeness percent was less than one. Addi- 

ional details regarding adjustment for completeness are available 

n the Appendix Methods. 

Deaths resulting from COVID-19 are reported through death cer- 

ificates either using the ICD-10 assigned code or through free text 

n the form as either the underlying cause or a contributing cause 
3 
f death. The number of COVID-19 deaths are reported each week 

y state and week or by age and state for the entire pandemic pe- 

iod [3] . However, if the number of COVID-19 deaths by state and 

eek or by week and age group are fewer than ten, these data 

re suppressed to protect privacy of the deceased. Because there 

ere few deaths in the 0-17 year age group and data suppres- 

ion limited the ability to calculate the number of deaths by state, 

eek, and age group, we requested and obtained restricted un- 

uppressed COVID-19 death data [47] . In addition, NVSS routinely 

eleases COVID-19 deaths for each state, age group, and month; 

owever, our model required COVID-19 deaths by state, age group 

nd week. To calculate COVID-19 deaths by state, age group, and 

eek, first the percent of COVID-19 deaths by age group within 

ach state was calculated and then applied to the reported, un- 

uppressed COVID-19 deaths by state and week. Because we ob- 

ained unsuppressed COVID-19 death counts for the 0-17 year age 

roup and state, we did not need to estimate these deaths . To- 

al all-cause deaths by age group and state are in eTable 2. Before 

stimating COVID-19–attributable unrecognized deaths, unadjusted 

nd unsuppressed COVID-19 deaths by age group, state, and week 

ere subtracted from completeness-adjusted all-cause deaths. 

.2. SARS-CoV-2 Surveillance Data 

Viral surveillance data were used as a proxy for SARS-CoV-2 cir- 

ulation to estimate the predicted number of all-cause deaths, ac- 

ounting for virus circulation. The percent positive of SARS-CoV- 

 tests across states and age groups was calculated from viral 

urveillance data including: the Electronic Surveillance System for 

he Early Notification of Community-based Epidemics (ESSENCE) 

48] commercial laboratories, which represents diverse geographic 

reas across the United States and report SARS-CoV-2 testing infor- 

ation, test results, and basic demographic data. Real-time reverse 

ranscriptase polymerase chain reaction (rt-PCR) SARS-CoV-2 test 

nd result data were obtained by state, age group, and week. These 

ata were combined with SARS-CoV-2 testing results reported by 

ublic health laboratories through the Public Health Laboratory In- 

eroperability Project (PHLIP) [49] and Public Health Laboratory 

nformation System 2 (PHLIS2) by age group and state for each 

eek. The SARS-CoV-2 percent positive was calculated by divid- 

ng the number of positive SARS-CoV-2 results by the total number 

f SARS-CoV-2 tests, defined as tests with a known result, by age 

roup and state from both systems (eFigure 1). 

The time from illness onset or a SARS-CoV-2 laboratory test to 

eath can vary from several days to weeks. Reports on COVID-19 

eaths have indicated that time to death ranged from 8–21 days 

 17-20 , 50 ]. To adjust for time to death, the SARS-CoV-2 percent

ositive was lagged by one and two weeks in the model. If the 

ARS-CoV-2 percent positive was missing, the percent positive was 

arried forward from the week prior (eTable 2). 

.3. Population Data 

Vintage 2019 population data were obtained from the U.S. Cen- 

us Bureau [51] . Population data were summed across age group 

nd state (eTable 2). 

.4. Regression Model 

To estimate COVID-19–attributable unrecognized deaths among 

ll-cause deaths without COVID-19 listed as a death cause, we 

sed an excess mortality model. To avoid double counting, any 

eaths where the death certificate listed COVID-19 as an underly- 

ng or contributing cause of death were subtracted and the remain- 

ng all-cause deaths were modelled ( Figure 1 ). Removing COVID- 

9 deaths also reduced potential underestimation in the calcula- 
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Figure 1. All-cause deaths after removing COVID-19 coded deaths, estimated expected deaths assuming SARS-CoV-2 circulation, predicted deaths accounting for circulation 

of SARS-CoV-2, and SARS-CoV-2 percent positive in United States by epidemiologic week for March 8, 2020—May 29, 2021 for all ages 

a COVID-19–attributable unrecognized deaths were calculated as the difference between predicted deaths accounting for SARS-CoV-2 circulation and expected deaths assum- 

ing no circulation of the virus. 

b Deaths reported in most recent weeks may still underestimate the total number of all-cause deaths after being corrected due to increases in deaths and delays in reporting 

during the pandemic. 
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1 See e.g., 45 C.F.R. part 46, 21 C.F.R. part 56; 42 U.S.C. §241(d); 5 U.S.C. §552a; 

44 U.S.C. §3501 et seq. 
ion of COVID-19–attributable unrecognized deaths because some 

eported COVID-19 deaths could be misclassified to another cause. 

e fit a random-intercept, over-dispersed quasi-Poisson log-linear 

odel separately by six age groups between weekly corrected all- 

ause death counts minus COVID-19 deaths (E) and a 1-week and 

-week lag of state-specific viral surveillance data where x s,w 

is the 

ercent positive for state s during week w in 2020 or 2021. Us- 

ng 1-week and 2-week lagged (i.e. 8–21 days) SARS-CoV-2 percent 

ositive as proxies for virus activity, we fit the model: 

ogE [ z sw 

] = β0 + log ( P o p s ) + β1 x s,w −1 M ( w ) + β2 x s,w −2 M ( w ) 

+ g ( w ) + θs 

here g(w ) is a smooth temporal function modelled using natu- 

al cubic splines with 3 degrees of freedom for the 0-17 and 18-49 

ear age groups and 5 degrees of freedom for the other age groups, 

(w ) is the month of year for week w , θs are random intercepts

or states, and x s,w 

= 0 or the absence of SARS-CoV-2 circulation 

eFigure 6). θs follows a Normal distribution with mean of zero 

nd a heterogeneous variance. The quasi-Poisson model does not 

ssume that the over-dispersion is a function of the mean of re- 

orted deaths. We assumed a multiplicative relationship between 

he SARS-CoV-2 percent positive and all-cause deaths and used age 

roup-specific population as the offset term to ensure that the es- 

imated predicted deaths were not greater than the population. 

atural cubic splines were used to model the pattern of all-cause 

eaths during the time series and to estimate expected deaths. A 

erm for month was included to avoid overfitting the patterns of 

eekly all-case deaths. 

The COVID-19–attributable unrecognized deaths A D s,w 

( Figure 1 , 

Figure 4) were defined as the difference between (1) predicted 

eath counts assuming that SARS-CoV-2 circulation is the ob- 

erved weekly SARS-CoV-2 percent positive and (2) expected death 

ounts (e.g., deaths that would be expected occur each week re- 

ardless of SARS-CoV-2 circulation including those deaths due to 

njuries, accidents, or other causes unrelated to the pandemic) as- 
4 
uming no SARS-CoV-2 circulation (i.e., a zero SARS-CoV-2 percent 

ositive and setting covariates x s,w −2 and x s,w −1 to zero): 

 D sw 

= e β0 + g ( w ) + θs 
[
e β1 x s,w −1 M ( w ) + β2 x s,w −2 M ( w ) − 1 

]
. 

hen the difference between predicted and expected deaths 

as negative, the negative value was truncated to zero. Negative 

OVID-19 attributable deaths can occur when predicted deaths 

re lower than the expected deaths in a given week, indicating 

hat there were no deaths in that week that were attributable 

o COVID-19 and tend to occur during periods of lower SARS- 

oV-2 circulation. To estimate the uncertainty of the COVID-19–

ttributable unrecognized death estimates, we used Monte Carlo 

imulation with 5,0 0 0 iterations to obtain interval estimates for 

OVID-19–attributable unrecognized deaths A D s,w 

. The 5,0 0 0 sam- 

les of all fixed-effect regression parameters were drawn from 

heir asymptotic multivariate normal distribution. For each sam- 

le, we calculated A D s,w 

as above and defined the 95% uncertainty 

nterval (UI) as the 2 • 5 th and 97 • 5 th quantiles of simulated A D s,w 

.

he estimated COVID-19–attributable unrecognized death count by 

tate and age group is the mean estimated death after summing 

he iterations across the weeks. To calculate estimates by HHS Re- 

ion, we summed iterations across week and states within a region 

nd calculated the mean and the 95% uncertainty intervals from 

he distribution. 

Analyses were completed in SAS Statistical Software Version 9 • 4 
SAS Institute, Inc., Cary, NC, USA) and the R project for statistical 

omputing (version 4 • 0 • 3) [52] . This activity was reviewed by CDC

nd was conducted consistent with applicable federal law and CDC 

olicy. 1 No funding was received for this study. 
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Table 1 

Estimated unrecognized COVID-19–attributable deaths and rates per 10 0,0 0 0 population from March 8, 2020—May 29, 2021 

Unrecognized 

Deaths 95% UI a 

Percent of 

Unrecognized 

Deaths 

Unrecognized death 

rate per 10 0,0 0 0 

population 95% UI a 

Age Group, years 

0–17 22 (0–139) 0 • 0% 0 • 0 (0 • 0–0 • 2) 

18–49 7,681 (4,865–10,870) 4 • 2% 5 • 6 (3 • 5–7 • 9) 

50–64 25,182 (21,489–28,903) 13 • 7% 40 • 0 (34 • 1–45 • 9) 

65–74 34,993 (31,295–38,659) 19 • 0% 111 • 1 (99 • 4–122 • 8) 

75–84 51,435 (47,542–55,458) 27 • 9% 322 • 1 (297 • 7–347 • 3) 

≥85 65,163 (60,926–69,586) 35 • 3% 986 • 6 (922 • 4–1,053 • 5) 

HHS Region 

1 (CT, MA, ME, NH, RI, VT) 7,324 (6,899–7,755) 4 • 0% 49 • 3 (46 • 5–52 • 2) 

2 (NJ, NY, NYC) 16,137 (15,113–17,157) 8 • 8% 56 • 9 (53 • 3–60 • 5) 

3 (DE, DC, MD, PA, VA, WV) 19,125 (17,935–20,307) 10 • 4% 62 • 0 (58 • 1–65 • 8) 

4 (AL, FL, GA, KY, MS, NC, SC, TN) 44,062 (41,233–46,881) 23 • 9% 65 • 9 (61 • 6–70 • 1) 

5 (IL, IN, MI, MN, OH, WI) 31,910 (29,883–33,913) 17 • 3% 60 • 7 (56 • 9–64 • 5) 

6 (AR, LA, NM, OK, TX) 26,751 (24,972–28,534) 14 • 5% 62 • 6 (58 • 5–66 • 8) 

7 (IA, KS, MO, NE) 10,354 (9,686–11,012) 5 • 6% 73 • 2 (68 • 5–77 • 9) 

8 (CO, MT, ND, SD, UT, WY) 3,755 (3,516–3,993) 2 • 0% 30 • 6 (28 • 7–32 • 6) 

9 (AZ, CA, HI, NV) 20,419 (19,172–21,675) 11 • 1% 39 • 8 (37 • 4–42 • 3) 

10 (AK, ID, OR, WA) 4,641 (4,353–4,927) 2 • 5% 32 • 3 (30 • 3–34 • 3) 

Time, month b 

March 2020 8,135 (7,686–8,607) 4 • 4% 2 • 5 (2 • 3–2 • 6) 

April 2020 36,850 (34,584–39,125) 20 • 0% 11 • 2 (10 • 5–11 • 9) 

May 2020 12,267 (11,467–13,065) 6 • 7% 3 • 7 (3 • 5–4 • 0) 

June 2020 6,558 (6,120–6,988) 3 • 6% 2 • 0 (1 • 9–2 • 1) 

July 2020 11,497 (10,684–12,294) 6 • 2% 3 • 5 (3 • 3–3 • 7) 

August 2020 8,438 (7,792–9,087) 4 • 6% 2 • 6 (2 • 4–2 • 8) 

September 2020 7,806 (7,197–8,427) 4 • 2% 2 • 4 (2 • 2–2 • 6) 

October 2020 7,903 (7,336–8,465) 4 • 3% 2 • 4 (2 • 2–2 • 6) 

November 2020 13,554 (12,523–14,575) 7 • 4% 4 • 1 (3 • 8–4 • 4) 

December 2020 22,673 (20,795–24,576) 12 • 3% 6 • 9 (6 • 3–7 • 5) 

January 2021 19,066 (17,647–20,516) 10 • 3% 5 • 8 (5 • 4–6 • 3) 

February 2021 10,925 (10,108–11,749) 5 • 9% 3 • 3 (3 • 1–3 • 6) 

March 2021 6,125 (5,682–6,570) 3 • 3% 1 • 9 (1 • 7–2 • 0) 

April 2021 8,043 (7,491–8,601) 4 • 4% 2 • 5 (2 • 3–2 • 6) 

May 2021 4,637 (4,299–4,966) 2 • 5% 1 • 4 (1 • 3–1 • 5) 

Total 184,477 (172,810–196,035) 56 • 2 (52 • 6–59 • 7) 

a UI: Uncertainty Interval 
b Deaths reported in most recent weeks may still underestimate the total number of all-cause deaths after being corrected due to increases in deaths and delays in 

reporting during the pandemic. 
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. Results 

We estimated that 184,477 (95% UI: 172,810–196,035) addi- 

ional COVID-19–attributable deaths were unrecognized through 

eath certificates from March 8, 2020–May 29, 2021 ( Table 1 ). 

hen adding ICD-coded COVID-19 deaths reported through 

eath certificates to unrecognized COVID-19–attributable deaths 

 Table 2 ), we estimated 766,611 (95% UI: 754,944–778,170 total 

OVID-19–attributable deaths through May 29, 2021. Overall, 24% 

f total estimated COVID-19–attributable deaths were not reported 

hrough death certificates ( Table 2 ). 

Among the unrecognized deaths, more than 151,592 (82%) oc- 

urred among individuals aged > 65 years. More unrecognized 

eaths occurred early in the pandemic ( Table 1 , Figure 2 , eTable

, eTable 5), specifically during March, April, and May 2020 

n = 57,251, 31%) and during peaks in SARS-CoV-2 circulation dur- 

ng July 2020 (n = 11,496, 6%), November 2020 through February 

021 (n = 66,218, 36%). Unrecognized COVID-19–attributable deaths 

aried by state with the highest death numbers and rates oc- 

urring in states with larger populations and widespread out- 

reaks ( Figure 3 , eTable 3, eFigure 7). The rates of unrecog- 

ized COVID-19–attributable deaths across HHS Regions ranged 

rom 30 • 6/10 0,0 0 0 population (HHS Region 8: Colorado, Mon- 

ana, North Dakota, South Dakota, Utah, Wyoming) to 73 • 2/10 0,0 0 0

HHS Region 7: Iowa, Kansas, Missouri, Nebraska). The rates of 

nrecognized COVID-19–attributable deaths ( Table 2 ) were high- 

st among individuals aged ≥85 years (986 • 6/10 0,0 0 0 population, 
5 
5% UI: 922 • 4–1053 • 5), followed by individuals aged 75–84 years 

322 • 1/10 0,0 0 0 population, 95% UI: 297 • 7–347 • 3). 

Among the total COVID-19 deaths, accounting for those re- 

orted through death certificates and those we estimated, 7% of 

32 deaths among children aged 0–17 years were not captured 

hrough death certificates ( Table 2 , eFigure 8). Most of the unrec- 

gnized deaths were among older adults who also had the most 

eported deaths. Approximately 27%, 24%, and 21% of total COVID- 

9–attributable deaths for adults aged ≥85 years, adults aged 75–

4 years, and adults aged 65–74 years, respectively, were not cap- 

ured through death certificates ( Table 2 , eFigure 8). The percent 

f unrecognized deaths by HHS Region ranged from 17–31%, with 

he lowest in Region 2 (New York, New York City, New Jersey); 

nd the highest in Region 10 (Alaska, Idaho, Oregon, Washington). 

 higher percent of unrecognized COVID-19–attributable deaths 

ere observed during March 2020 (68%), April 2020 (34%), and 

ay 2021 (35%) ( Table 2 , eFigure 8), though data for more recent 

eeks may be incomplete and the estimates for these weeks may 

hange. 

. Discussion 

For the first 15 months of the COVID-19 pandemic (March 

, 2020–May 29, 2021), we estimated 766,611 total COVID-19–

ttributable deaths, including approximately 184,477 COVID-19–

ttributable deaths (24%) that were unrecognized through death 

ertificates. Most of COVID-19 unrecognized deaths (82%) occurred 
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Table 2 

COVID-19 ICD-coded deaths reported through death certificates and 95% uncertainty intervals, estimated unrecognized COVID-19–attributable deaths and 95% uncertainty intervals, total COVID-19–attributable deaths, and 

percent of total COVID-19 deaths unrecognized by age group, HHS Region, and Month 

Reported COVID-19 Deaths 

Unrecognized 

COVID-19–attributable 

Deaths 

Total COVID-19–

attributable Deaths Percentage of Total 

Deaths 

Unrecognized 
Deaths 

Rate per 10 0,0 0 0 

population Deaths (95% UI) a 

Rate per 10 0,0 0 0 

population Deaths (95% UI) a 

Rate per 10 0,0 0 0 

population 

Age Group, years 

0-17 310 0 • 4 22 (0–139) 0 • 0 332 (310–449) 0 • 5 6 • 6% 

18-49 26,491 19 • 2 7,681 (4,865–10,870) 5 • 6 34,171 (31,355–37,360) 24 • 7 22 • 5% 

50-64 91,102 144 • 8 25,182 (21,489–28,903) 40 • 0 116,284 (112,590–120,005) 184 • 8 21 • 7% 

65-74 129,442 411 • 1 34,993 (31,295–38,659) 111 • 1 164,435 (160,737–168,101) 522 • 3 21 • 3% 

75-84 160,183 1003 • 0 51,435 (47,542–55,458) 322 • 1 211,618 (207,725–215,641) 1,325 • 1 24 • 3% 

≥85 174,608 2,643 • 6 65,163 (60,926–69,586) 986 • 6 239,771 (235,534–244,194) 3,630 • 2 27 • 2% 

HHS Region 

1 (CT, MA, ME, NH, RI, VT) 26,669 179 • 6 7,324 (6,899–7,755) 49 • 3 33,993 (33,568–34,424) 229 • 0 21 • 5% 

2 (NJ, NY, NYC) 78,821 278 • 2 16,137 (15,113–17,157) 56 • 9 94,958 (93,935–95,978) 335 • 1 17 • 0% 

3 (DE, DC, MD, PA, VA, WV) 54,915 178 • 0 19,125 (17,935–20,307) 62 • 0 74,039 (72,849–75,222) 240 • 0 25 • 8% 

4 (AL, FL, GA, KY, MS, NC, SC, TN) 111,069 166 • 0 44,062 (41,233–46,881) 65 • 9 155,131 (152,302–157,950) 231 • 9 28 • 4% 

5 (IL, IN, MI, MN, OH, WI) 92,189 175 • 5 31,910 (29,883–33,913) 60 • 7 124,099 (122,072–126,102) 236 • 2 25 • 7% 

6 (AR, LA, NM, OK, TX) 82,313 192 • 7 26,751 (24,972–28,534) 62 • 6 109,063 (107,285–110,846) 255 • 3 24 • 5% 

7 (IA, KS, MO, NE) 24,735 174 • 9 10,354 (9,686–11,012) 73 • 2 35,089 (34,421–35,747) 248 • 2 29 • 5% 

8 (CO, MT, ND, SD, UT, WY) 14,788 120 • 6 3,755 (3,516–3,993) 30 • 6 18,543 (18,305–18,782) 151 • 3 20 • 3% 

9 (AZ, CA, HI, NV) 86,119 167 • 9 20,419 (19,172–21,675) 39 • 8 106,538 (105,291–107,794) 207 • 7 19 • 2% 

10 (AK, ID, OR, WA) 10,517 73 • 3 4,641 (4,353–4,927) 32 • 3 15,158 (14,870–15,444) 105 • 6 30 • 6% 

Time, month b 

March 2020 3,853 1 • 2 8,135 (7,686–8,607) 2 • 5 11,989 (11,539–12,460) 3 • 7 67 • 9% 

April 2020 72,127 22 • 0 36,850 (34,584–39,125) 11 • 2 108,977 (106,711–111,252) 33 • 2 33 • 8% 

May 2020 33,755 10 • 3 12,267 (11,467–13,065) 3 • 7 46,022 (45,222–46,820) 14 • 0 26 • 7% 

June 2020 16,899 5 • 1 6,558 (6,120–6,988) 2 • 0 23,457 (23,019–23,887) 7 • 1 28 • 0% 

July 2020 33,904 10 • 3 11,497 (10,684–12,294) 3 • 5 45,400 (44,588–46,197) 13 • 8 25 • 3% 

August 2020 27,126 8 • 3 8,438 (7,792–9,087) 2 • 6 35,563 (34,917–36,213) 10 • 8 23 • 7% 

September 2020 22,354 6 • 8 7,806 (7,197–8,427) 2 • 4 30,161 (29,552–30,782) 9 • 2 25 • 9% 

October 2020 22,913 7 • 0 7,903 (7,336–8,465) 2 • 4 30,817 (30,249–31,378) 9 • 4 25 • 6% 

November 2020 48,183 14 • 7 13,554 (12,523–14,575) 4 • 1 61,736 (60,705–62,758) 18 • 8 22 • 0% 

December 2020 109,360 33 • 3 22,673 (20,795–24,576) 6 • 9 132,033 (130,155–133,936) 40 • 2 17 • 2% 

January 2021 93,594 28 • 5 19,066 (17,647–20,516) 5 • 8 112,660 (111,241–114,109) 34 • 3 16 • 9% 

February 2021 47,782 14 • 6 10,925 (10,108–11,749) 3 • 3 58,707 (57,890–59,531) 17 • 9 18 • 6% 

March 2021 20,996 6 • 4 6,125 (5,682–6,570) 1 • 9 27,121 (26,678–27,566) 8 • 3 22 • 6% 

April 2021 20,486 6 • 2 8,043 (7,491–8,601) 2 • 5 28,529 (27,977–29,086) 8 • 7 28 • 2% 

May 2021 8,786 2 • 7 4,637 (4,299–4,966) 1 • 4 13,422 (13,085–13,752) 4 • 1 34 • 5% 

Total 582,135 177 • 4 184,477 (172,810–196,035) 56 • 2 766,611 (754,944–778,170) 233 • 6 24 • 1% 

a UI: Uncertainty Interval 
b Deaths reported in most recent weeks may still underestimate the total number of all-cause deaths after being corrected due to increases in deaths and delays in reporting during the pandemic. 
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Figure 2. Death certificate reported and unrecognized COVID-19 deaths for all age groups by week from March 8, 2020—May 29, 2021 a Deaths reported in most recent 

weeks may still underestimate the total number of all-cause deaths after being corrected due to increases in deaths and delays in reporting during the pandemic. 

Figure 3. Unrecognized COVID-19–attributable death rates per 10 0,0 0 0 for all age groups by state from March 8, 2020—May 29, 2021 
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mong individuals aged ≥65 years, the proportion of estimated 

eaths that were unrecognized among children was lower than 

he proportion of estimated deaths that were unrecognized among 

dults. Unrecognized deaths were more likely to occur during 

he early pandemic period (March—May 2020) and during periods 

f increased SARS-CoV-2 circulation (July 2020, November 2020—

ebruary 2021). These estimates may help to better capture the 

omplete burden of COVID-19 on mortality and can be used to bet- 

er understand the severity of COVID-19 and guide resources that 

ay prevent additional deaths. 
7 
Previous studies used regression modelling approaches with all- 

ause deaths, estimated expected deaths using historic informa- 

ion, and calculated excess deaths as the difference between the 

xpected deaths and total reported deaths [ 27-38 , 40 , 45 , 53 ]. Our

OVID-19–attributable death estimates were higher than previ- 

usly published U.S. death estimates from excess mortality models. 

ossen et al., estimated 299,028 excess deaths during January 26–

ctober 3, 2020 and attributed 198,081 (66%) to COVID-19 [32] . In 

ur model, during March–September 2020, we estimated 301,568 

otal COVID-19 deaths, including 91,550 unrecognized COVID-19 
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eaths. These differences may be explained by disparate mod- 

lling approaches and different study time periods. To estimate ex- 

ess COVID-19 deaths, Rossen modelled national all-cause deaths, 

hen modelled national all-cause death after removing COVID-19 

eaths, and subtracted the excess deaths from both models to ob- 

ain the number and percent of COVID-19 excess deaths [32] . The 

emaining excess deaths were attributed to other causes, poten- 

ially under estimating COVID-19 mortality. In contrast, we sub- 

racted COVID-19 deaths from all-cause deaths before estimating 

tate- and age-specific expected and predicted deaths account- 

ng for SARS-CoV-2 circulation with viral surveillance data. The 

OVID-19 reported ICD-coded deaths were then added to the es- 

imated unrecognized COVID-19 deaths to obtain total COVID-19–

ttributable deaths. Additionally, Rossen adjusted COVID-19 deaths 

or incomplete reporting. We, however, did not adjust COVID-19 

eaths for potential under-reporting before subtracting from all- 

ause death counts which may underestimate the reported number 

f COVID-19 deaths, especially for more recent weeks. 

In another study, Weinberger [37] calculated excess deaths dur- 

ng March–May 2020 by state and all-ages using data from 2015–

020. For this period, there were 95,235 COVID-19–coded deaths 

nd Weinberger estimated 122,300 excess all-cause deaths in- 

luding 27,065 deaths unattributed to COVID-19. Similarly, Rivera 

t al. estimated 21,179 more COVID-19 deaths than reported 

uring March–May, 2020 31 , and Woolf et al. estimated 30,755 

nattributed COVID-19 excess deaths for March–April, 2020 [53] . 

n comparison, we estimated 57,252 unrecognized COVID-19–

ttributable deaths during the same time. Contrasting estimates 

ay be explained by different models, incorporating age-specific 

nalyses, different time periods and data sources, and methods 

o account for incomplete data. Combining age groups may mute 

he effect of age on COVID-19 death, particularly in older age 

roups. Our model used age-specific models to better catpure dif- 

erences in death by age group. We also assumed that deaths dur- 

ng the pandemic period are different from historic deaths and 

nly used all-cause deaths during the study period to estimate ex- 

ected deaths rather than estimating expected deaths using his- 

oric death data. In addition, we also subtracted COVID-19 deaths 

rior to modelling to avoid double counting these deaths. De- 

pite these differences, estimates were more similar to Weinberger 

nd Woolf when more time was incorporated. Specifically, Wein- 

erger estimated 108,834 excess COVID-19 deaths through Novem- 

er 2020, Woolf estimated 74,989 deaths unattributed to COVID 

rom March–July. We estimated 75,306 (through July) and 113,007 

through November) COVID-19 unrecognized attributable deaths. 

he remaining differences could be related to methods used to ac- 

ount for reporting delays; Weinberger adjusted based on the time 

etween the death report and death date. Woolf did not adjust 

or reporting delays. Our study adjusted comparing the reported 

eath counts to historic death counts by week and state. These ap- 

roaches result in different adjusted all-cause death counts used in 

odels. Also potentially contributing to differences, we used more 

ecently released death data, which included backfilled and more 

omplete death counts for recent weeks. 

In contrast to these studies, we estimated expected deaths from 

nly all-cause deaths reported during the study period because we 

ssumed that death counts during the pandemic period would dif- 

er from historic data. Mortality trends during a pandemic may be 

ubstantially different from past years because of overall increases 

n death related to the a new virus with no population immunity 

nd potential decreases in specific causes of death. Therefore, es- 

imating expected deaths using data from past seasons may not 

ccurately reflect the underlying mortality from other causes dur- 

ng a pandemic. Additionally, unlike other studies, we subtracted 

nown COVID-19 deaths reported through death certificates from 
8 
ll-cause deaths before applying our model to estimate unrecog- 

ized COVID-19 deaths among the remaining all-cause deaths. Ad- 

itionally, we incorporated SARS-CoV-2 viral surveillance data into 

he model and estimated expected deaths in the absence of SARS- 

oV-2 circulation and predicted deaths accounting for SARS-CoV-2 

irculation. 

Our approach to estimating the total COVID-19–attributable 

eaths is not without limitations. First, for some states and re- 

ent weeks, our methods to adjust for reporting delays based on 

istorical death counts from the prior years may not sufficiently 

apture reporting delays during the pandemic given that the time 

etween the occurrence of a death and reporting may be longer 

ecause of the increased numbers of deaths during the pandemic. 

f the adjustment did not fully correct the number of all-cause 

eaths at the time of the analysis, then our model may under- 

stimate COVID-19 unrecognized unattributable deaths. Our model 

ill be updated routinely using more recent all-cause death data. 

eath counts are continuously backfilled and updated for weeks 

fter deaths have occurred, thus when more recent and complete 

ata are analysed, the unrecognized death estimates will change. 

econd, our model may underestimate unrecognized COVID-19–

ttributable deaths given that the SARS-CoV-2 percent positive is 

ased on individuals both with and without symptoms and may 

nderestimate the virus positivity among persons with severe ill- 

ess resulting in death. We were unable to account for the per- 

ent of individuals who are tested without experiencing symptoms 

s these data were not available. Third, the SARS-CoV-2 percent 

ositive may be confounded by factors related to the pandemic. 

pecifically, the higher SARS-CoV-2 percent positive may be corre- 

ated and coincide with increases in deaths because of changes to 

ealth seeking behaviour, inability access to care, and hospital ca- 

acity during the pandemic. Fourth, we were not able to account 

or other factors that may affect death, such as the prevalence 

f chronic health conditions or state-level demographics including 

ace or ethnicity. Fifth, not all of the data that we use to estimate 

OVID-19 unrecognized deaths are available by race/ethnicity or 

ther socio-economic factors to allow us to explore the burden of 

OVID-19 death on groups that might be more affected by COVID- 

9 infections. Despite these limitations, we used a variation on tra- 

itional excess mortality models to estimate COVID-19–attributable 

nrecognized deaths in real-time and better describe total deaths 

ecause of COVID-19 in the U.S. population by time, age group, and 

eographic location. Further, estimates of COVID-19–attributable 

eaths are needed to capture a full picture of COVID-19 on mortal- 

ty since many deaths are likely to be unrecognized through cause 

f death coding on death certificates. Deaths related to a COVID-19 

llness may go unrecognized because of changes to health seeking 

ehaviours in the population, limitations in testing, exacerbation 

f chronic health conditions that are instead listed as the cause of 

eath, or delays in reporting. 

In conclusion, we estimated 766,611 total COVID-19 deaths oc- 

urred during March 8, 2020–May 29, 2021, the first 15 months 

f the pandemic. Of these, 184,477 (24%) were not captured 

hrough death certificates and not previously reported as COVID- 

9–attributable deaths. Our estimates suggest that more COVID- 

9–attributable deaths were unrecognized during the early pan- 

emic period and during times with increased SARS-CoV-2 circu- 

ation. COVID-19–attributable deaths were less likely to be unrec- 

gnized among children and remained rare compared to the large 

umber of COVID-19–attributable deaths that were unrecognized 

mong adults. Given that our model indicates that nearly one- 

ourth of COVID-19–attributable deaths are not captured currently 

hrough death certificates, this model is useful for understanding 

he total burden of COVID-19 on mortality and to better describe 

he severity of the current pandemic. 
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