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1  |  INTRODUC TION

Coronavirus Disease-2019 (COVID-19) has profoundly affected the 
United States (US) health care system.1–4 Given the novelty of the 

disease, there is tremendous uncertainty about the potential im-
pact on transplant candidates and recipients. Early in the pandemic, 
transplant centers and patients had reservations about the reliable 
detection of Severe Acute Respiratory Syndrome Coronavirus 2 
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(SARS-CoV-2) in candidates, recipients, and donors.5,6 Furthermore, 
due to the rapidly evolving knowledge about management and prog-
nosis for patients with COVID-19,7 there were no evidence-based 
guidelines for management pre- and posttransplant.5,6,8–11 Because 
of these uncertainties, transplant centers have been cautious to 
hospitalize, operate, and immunosuppress patients in the setting of 
COVID-19.12

These uncertainties along with considerable increases in 
COVID-19–related hospitalizations and deaths1 may have im-
pacted liver transplant (LT) across the US. A national survey be-
tween March 24 and 31, 2020, found 67.7% of LT centers had 
stopped performing live donor LT (LDLT).12 Although 73.3% 
of centers reported some restrictions for deceased donor LT 
(DDLT),12 there was substantial heterogeneity in the criteria used 
to determine transplant restrictions and minimal use of treat-
ment protocols. Furthermore, COVID-19 disease burden varies by 
state,13,14 which may differentially impact transplant center be-
havior, but data-driven inference about the center-level changes 
and their correlation of geographic disease burden has not been 
characterized.

To address this knowledge gap, we used data from Scientific 
Registry of Transplant Recipients (SRTR) to retrospectively quantify 
changes to LT waitlist registration, waitlist mortality, and LT rates 
March-August, 2020. We further investigated these outcomes 
based on transplant candidate characteristics and local COVID-19 
incidence, with the goal of providing insight about early pandemic 
changes in LT.

2  |  METHODS

2.1  |  Data source

This study used data from the Scientific Registry of Transplant 
Recipients (SRTR). The SRTR data system includes data on all 
donor, waitlisted candidates, and transplant recipients in the United 
States, submitted by the members of the Organ Procurement 
and Transplantation Network (OPTN). The Health Resources and 
Services Administration (HRSA), US Department of Health and 
Human Services provides oversight to the activities of the OPTN 
and SRTR contractors. The SRTR data system has previously been 
described elsewhere.15

2.2  |  State-level COVID-19 incidence

We determined the incidence of COVID-19 cases per 100,000 per 
day for each state (including the District of Columbia and Puerto Rico) 
over five 1-week periods in 2020. Outcomes from 3/15 to 4/30 were 
stratified based on state-level per-capita COVID-19 incidence in the 
last week of March. Outcomes from each month of May through 
August were stratified based on per-capita COVID-19 incidence dur-
ing the last week of the prior month. We used publicly available data 

to evaluate the relationship between COVID-19 disease burden and 
LT waitlist events.13,14 Each state in each time period was stratified 
based on the incidence into “low” (0-3 cases/100,000/day), “me-
dium” (4-7 cases/100,000/day), “high” (8-11 cases/100,000/day), 
and “very high” (>11 cases/100,000/day).

2.3  |  Daily counts of LT waitlist events

To characterize national changes to the liver waitlist over time, we 
plotted daily counts of waitlist events between February 1 and 
September 2, 2020 with a LOWESS smooth curve. Waitlist events 
included new waitlist registrations, newly inactive registrants, and 
waitlist removals due to DDLT, LDLT, death, or deteriorating con-
dition. For new registrations, changes to inactive status, and LDLT, 
only weekday counts were included since >97.5% of these events 
between 2016 and 2019 fell on weekdays. We made similar plots 
of daily counts for DDLT, donation after circulatory death (DCD), 
regional import DDLT, and national import DDLT. Due to the sud-
den decrease in LDLT after March 15, we plotted center-level counts 
of LDLT between March 15 and September 2,2020 by state-level 
COVID-19 cases per 100,000 per day.

2.4  |  Calculating center-level expected numbers of 
LT waitlist events

To determine the expected number for each waitlist event for 
comparison to observed counts, we used data from each center by 
month from February 1, 2016 to January 31, 2020. Using multilevel 
Poisson regression with a center-level random intercept, we mod-
eled the number of outcomes per center per month. We adjusted at 
the center-level for distributions of candidate characteristics at the 
start of each month: age, sex, prior transplant, race/ethnicity, his-
tory of diabetes, insurance type, Model of End-stage Liver Disease 
(MELD), and ABO blood type. We used these models to predict the 
expected number of monthly waitlist events in 3/15-4/30/2020, 
May, June, July, August, overall, and for subgroups of patients based 
on candidate characteristics.

2.5  |  Comparing observed to expected center-level 
numbers of LT waitlist events

We used the Pearson's chi-square test to compare the observed to 
expected frequencies for each waitlist event. Furthermore, we used 
Poisson regression to compare the observed versus expected events 
among centers in states with different levels of COVID-19 burden. 
We did this by modeling the observed counts, including the log of 
the expected counts with the coefficient constrained to 1, and ad-
justed for state-level COVID-19 burden. The incidence rate ratios 
(IRRs) represent the observed counts as a proportion of expected 
counts.
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2.6  |  Statistical analysis

All p-values are two-sided with an alpha of 0.05. Confidence inter-
vals are reported as per the method of Louis and Zeger.16 All analyses 
were performed using Stata 16.1/MP for Linux (College Station, TX).

3  |  RESULTS

3.1  |  State-level COVID-19 incidence

During the last week of March, 2020 (3/25-3/31), there were 39 
states with “low” COVID-19 incidence (as described above), 7 states 
with “medium” incidence, 3 states with “high” incidence, and 3 states 
with “very high” incidence (Figure 1). The states with “very high” in-
cidence were New York, New Jersey, and Michigan. During the last 
week of April (4/24-4/30), the states with “very high” incidence were 
New York, New Jersey, Rhode Island, Massachusetts, Delaware, 
Washington, D.C., Connecticut, Illinois, Maryland, Iowa, and 
Nebraska. During the last week of May (5/25-5/31), the states with 
“very high” incidence were Washington, D.C., Maryland, Virginia, 
and Nebraska. During the last week of June (6/24-6/30), states were 
almost evenly distributed among the four incidence categories. 
During the last week of July (7/25-7/31), the distribution of states in 
the “very high” and “very low” incidence groups had reversed with 
“very low” consisting of only Vermont, Maine, New Hampshire, and 
New York, and the majority of states in the “very high” category.

3.2  |  Daily counts of LT waitlist events

From February 1 to March 15, 2020, the average number of new 
waitlist registrants was 54.3 per weekday (Figure 2A). Subsequently, 
the average number of new waitlist registrants dropped to 44.6 per 

weekday during March 16-May 3 and then increased. The number 
of patients newly inactivated remained stable from February 1 to 
September 2 except for 5 days in the second half of March that were 
higher than average (Figure 2B). An outlier value on March 25, 2020 
was caused by a center in a “very high” COVID-19 burden state in-
activating its entire waitlist on that date. The percentage of inactive 
patients remained stable during April-September (Figure 2C).

From February 1 to September 2, the number of patients removed 
from the waitlist due to death averaged 2.8 per day (Figure 3A). The 
upward and downward trends at either end of the LOWESS curves 
are a typical statistical aspect of the smoothing process and may not 
represent a meaningful change. The number of patients removed 
from the waitlist due to deteriorating condition averaged 3.8 per day 
from February 1 to March 15. There was a downward trend mid-
March to mid-April and an upward trend to baseline from mid-April 
to September (Figure 3B). The number of DDLT decreased from an 
average of 25.1 per day from February 1-March 15 to a nadir on April 
5 (Figure 4A). Afterwards, DDLT increased to baseline and plateaued 
from April to September. From February 1 to September 2, the aver-
age number of DCD DDLTs was 2.4 per day, regional imports were 
7.3 per day, and national imports were 7.4 per day (Figure 4B-D).

The average number of LDLTs performed per weekday was 2 
before March 15 (Figure 5A). After a rapid decline from March 15 
to April 1, the average number of LDLTs plateaued at 1 throughout 
April. Throughout May to September, the average number of LDLTs 
increased slowly. After March 15, only five centers performed more 
than 1 LDLT (Figure 5B). Two of the centers were in states with 
fewer than four COVID-19 cases per day per 100,000 population. 
One of the centers was in a state with more than 32 COVID-19 cases 
per day per 100,000 population.

3.3  |  Comparing observed to expected center-level 
numbers of LT waitlist events

Overall, from March 15 to April 30, the number of new list-
ings observed was 11% fewer than expected (IRR = 0.84 0.890.93, 
Table 1), 21% fewer in May (IRR = 0.75 0.790.84), and as expected 
during June-August. Overall, the number of waitlist deaths was 
not different than expected for any period. The overall number of 
LDLTs observed were 49% lower than expected from March 15 
to April 30 (IRR = 0.37 0.510.72) and 42% less than expected in May 
(IRR = 0.390.580.85). However, in June-August, the overall number 
of LDLTs observed was similar to expected. Overall, the number 
of DDLTs observed was 9% lower than expected during March 15-
April 30 (IRR = 0.850.910.97), 13% higher in May (IRR = 1.051.131.21), 
15% higher in June (IRR = 1.071.151.23), 14% higher in July (IRR = 1.06 
1.141.23), and 13% higher in August (IRR = 1.05 1.131.21).

From March 15 to April 30, among centers in states with “me-
dium” COVID-19 incidence, there were 21% fewer new waitlist reg-
istrants than expected (IRR = 0.69 0.790.90, Table 1). The decrease in 
new listings for centers in states with “very high” COVID-19 bur-
den was more severe, with 33% fewer new listings than expected 

F I G U R E  1  COVID-19 incidence by state for a representative 
week during 5 periods that outcomes were measured. 
Orange = very high incidence; green = high incidence; 
red = medium incidence; blue = low incidence [Color figure can be 
viewed at wileyonlinelibrary.com]

www.wileyonlinelibrary.com
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(IRR = 0.55 0.670.80) which was also a statistically significantly stron-
ger decrease than for centers in states with “low” COVID-19 burden. 
There were 59% more waitlist deaths than expected among centers 
in states with “very high” COVID-19 rates (IRR = 1.091.592.32). Among 
centers in states with “low” incidence, there were 84% fewer LDLT 
than expected (IRR = 0.07 0.160.38) and 65% fewer for “very high” 
incidence states (IRR = 0.13 0.350.94).

From March 15 to April 30, the observed number of DDLTs was 
also 41% less than expected at centers in states with “high” COVID-
19 burden (IRR = 0.44 0.590.79) (Table 1) and 34% at centers in states 
with “very high” COVID-19 incidence (IRR = 0.50 0.660.86). The IRRs 
were both statistically significantly less than the IRRs for centers in 
states with “low” COVID-19 rates. The decline in DDLT was great-
est among patients with MELD less than 20 (eg, for MELD 15-19, 
92 observed versus 142.4 expected, −35.4%, p < .001) (Table 2), 
and patients who received exception points (67 observed versus 
154.5 expected, p < .001). Among patients with MELD 25-29, there 
were 21.1% (144 observed versus 118.9 expected, p < .001), and 

for MELD 30-34 there were 50.4% (154 observed versus 102.4 ex-
pected, p < .001) more DDLT observed than expected.

In May, centers in all categories of COVID-19 incidence had 
19-25% fewer than expected new listings (IRRlow = 0.75 0.840.94; 
IRRmed = 0.69 0.780.88; IRRhigh = 0.64 0.750.88; IRRveryhigh = 0.70 0.810.93) 
(Table 1). Among centers in states with “very high” COVID-19 bur-
den, there were 68% fewer LDLT than expected (IRR = 0.13 0.320.78). 
The observed number of DDLTs was 18% more than expected at 
centers in states with “low” COVID-19 burden (IRR = 1.05 1.181.34). 
Centers in states with “low” COVID-19 incidence were more will-
ing to engage in DCD DDLTs and had 52% more than expected 
(IRR = 1.081.522.12).

In June, centers across all categories had observed rates simi-
lar to expected for new listings, waitlist death, and LDLT (Table 1). 
The observed number of DDLTs was 24% more than expected at 
centers in states with “low” COVID-19 burden (IRR = 1.05 1.241.48). 
Centers in states with “low” COVID-19 incidence continued to be 
more engaged in DCD DDLT with two times more than expected 

F I G U R E  2  Liver transplant waitlist registrations and active status for deceased donor liver transplants from February 1 to September 2, 
2020 with LOWESS curve. (A) The number of new waitlist registrations began decreasing by March 15 and then increased starting mid-May. 
(B) The newly inactive registrants per weekday was stable. Of note, a center in a state with one of the highest COVID-19 levels inactivated 
its entire waitlist on March 25, 2020. (C) The percentage of the LT waitlist candidates that were inactive per day increased in late March 
[Color figure can be viewed at wileyonlinelibrary.com]

www.wileyonlinelibrary.com
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(IRR = 1.292.053.25). In July and August, the rates of most waitlist 
events were similar to expected across the incidence categories. Of 
note, the observed number of DDLT in July in “high” incidence states 
were 57% more than expected (IRR = 1.23 1.572.00) (Table 1). The ob-
served number of DDLT in August in “high” incidence states were 
26% more than expected (IRR = 1.06 1.261.49).

The overall number of observed regional imports were higher 
than expected in May (IRR = 1.151.301.47) and June (IRR = 1.151.301.48), 
but as expected by August (Table 1). While there were 15% more 
observed regional imports to states with “low” COVID-19 burden 
than expected during March 15-April 30 (IRR = 1.02 1.151.30), there 
were 71% fewer (IRR = 0.130.290.65) observed regional imports to 
centers in states with “very high” COVID-19 rates. In June, observed 
regional imports were still more than expected for centers in “low” 
COVID-19 burden states (IRR = 1.501.802.17) and similar to that ex-
pected (IRR = 0.55 0.891.46) in centers in “very high” burden states. 
Additionally, the IRRs for medium, high, and very high COVID-19 
levels in May and June were each statistically significantly different 

from the centers in states with low COVID-19 burden. The over-
all observed number of national imports was 3.5 times higher than 
expected during March 15-April 30 (IRR = 3.133.523.96), 4.7 times 
higher in May (IRR = 4.114.665.29), and 4.7 times higher in June 
(IRR = 4.094.665.29). In July and August, national imports continued to 
be higher than expected across all incidence levels.

4  |  DISCUSSION

In this national study of LT waitlist activity compared to pre-
COVID-19 trends and stratified by COVID-19 incidence across five 
periods of the pandemic, we found the overall number of new list-
ings, LDLT, and DDLT were vastly different than expected early in 
the pandemic. The early decreases in events also occurred differ-
entially across COVID-19 incidence levels. Specifically, from March 
15 to April 30, there was no change in new listings or DDLT in states 
with the lowest COVID-19 burden, but in states with the highest 
incidence, there were 33% fewer new listings than expected and 
34% fewer DDLTs. The changes in DDLT occurred differently across 
MELD scores; there were 35.4% fewer DDLTs than expected for 
MELD 15-19 and 50.4% more DDLT than expected for MELD 30-
34. Early in the pandemic, LDLTs were 65% fewer than expected in 
states with the highest burden. Importantly, while the overall num-
ber of waitlist deaths across all time periods was as expected, in the 
states with the highest COVID-19 incidence early in the pandemic, 
there was a 59% increase in deaths on the waitlist observed com-
pared to expected. By August, waitlist outcomes were occurring at 
expected rates based on prepandemic averages, except for DDLT 
which was occurring at 13% more than expected across all incidence 
levels. While early in the pandemic the COVID-affected areas had 
major changes to their transplant practice, later in the pandemic 
the new COVID-affected areas did not seem to be affected to the 
same extent. Perhaps these results speak to the adaptability of the 
transplant community in addressing the pandemic and applying new 
knowledge to patient care, so our colleagues in Florida and Arizona 
did not require the same extreme reactions as earlier states, such as 
New York.

Our finding of decreased new listings during March 15-May 
31 is likely multifactorial. The Centers for Disease Control and 
Prevention (CDC) and the AASLD Expert Panel made recommen-
dations that shifted clinical operations, such as safety precautions 
and telemedicine17,18; therefore, it might be that transplant center 
evaluation processes may not have been functioning at full capac-
ity. Additionally, patients older than 65 years, those with comorbid 
conditions (eg, diabetes mellitus and obesity), and on immunosup-
pressive medications have likely been at high risk for severe COVID-
19 manifestations,19 so may have been avoiding risky interactions in 
clinical environments such as transplant centers, laboratories, and 
imaging centers. These healthcare system avoidant behaviors have 
been seen in other conditions such as cardiac patients.20

Our findings confirm the anecdotal reports from our recent na-
tional survey of transplant centers and are consistent with a prior 

F I G U R E  3  Counts of deceased donor liver transplant waitlist 
removals per day, February 1-September 2, 2020, with LOWESS 
smooth. (A) Waitlist removals due to death remained stable. (B) 
Waitlist removals due to deteriorating condition trended downward 
slightly after March 15 to a nadir in mid-April and then increased back 
to baseline [Color figure can be viewed at wileyonlinelibrary.com]

www.wileyonlinelibrary.com


    |  1843STRAUSS eT Al.

COVID-19 era study. The survey described restrictions to DDLT 
reported by 73.3 of centers%.12 The overall decrease in DDLT and 
differential reduction of DDLT among states of higher incidence 
rates of COVID-19 is likely reflective of lower hospital capacity and 
healthcare resources.21 While decrease in LDLT among centers in 
states with high COVID-19 burden is likely representative of the 
67.7% cessation of LDLT among LDLT programs reported in the 
survey (potentially from the dilemma of increased donor risk), the 
numbers in the other COVID-19 burden groups were likely too small 
to reach statistical significance. Additionally, our findings are also 
consistent with the report from Agopian et al that 39% of centers 
had a difference of greater than or equal to 6 DDLT during February-
March between 2019 and 2020.22 Our study extends the Agopian 
study by estimating expected rates from 4 years of data instead of 
3 months, by accounting for secular trends and center-level changes 
in waitlist population, and by providing inference through April 2020. 
National societies have acknowledged the uncertainty among the LT 
community, and they have provided clinical guidance for LT centers 

across the world on maintaining care according to pre-COVID-19 
clinical guidelines while considering minimizing SARS-COV-2 trans-
mission (eg, personal protective equipment use, social distancing, 
telemedicine).17,23,24

Our results show a striking increase in waitlist deaths in the 
states with the highest COVID-19 incidence in the earliest wave of 
the pandemic. There are several potential explanations. Our data do 
not include the cause of death, but some of these deaths may have 
been directly caused by COVID-19 infection and/or comorbidities. 
A study from China about patients with metabolic-associated fatty 
liver disease demonstrated a sixfold increased risk for severe COVID-
19 in obese patients.25 However, according to the CDC, chronic liver 
disease has had few severe outcomes reported, so the risk for severe 
COVID-19 is not yet known.26 Furthermore, since transplant centers 
in these states were performing fewer transplants, patients with 
higher MELD scores may have been dying of their end-stage liver 
disease before they could be transplanted. Another possibility is that 
hospitals at full capacity with COVID-19 patients may not have been 

F I G U R E  4  Counts of DDLTs per day, February 1-September 2, 2020, with LOWESS smooth. (A) DDLT decreased after March 15, 
increased April to mid-May, and plateaued back at baseline mid-May to September. (B) DCD DDLTs, (C) regional imports, and (D) national 
imports were stable. DCD, donation after circulatory death; DDLT, deceased donor liver transplant [Color figure can be viewed at 
wileyonlinelibrary.com]

www.wileyonlinelibrary.com
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able to admit the patients whom they would normally manage for 
decompensated liver disease.

Our model of observed versus expected must be interpreted 
in the context of the major policy change on February 4, 2020 
to organ allocation based on the geographic distance between 
the recipient and deceased donor (“acuity circles”).27 Under acu-
ity circles, organs are allocated based on distance from recovery 
hospital, replacing prior donor service areas and regions. The in-
crease in national imports across all levels of statewide COVID-19 
incidence, might reflect the impact of acuity circles rather than 
the impact of COVID-19. However, our finding of a dose-response 
relationship between state-level COVID-19 burden and observed 
imports suggests that COVID-19 may have played a role. For ex-
ample, lower regional imports to centers in states with relatively 
higher COVID-19 rates may be due to these centers performing 

fewer transplants, and shifting deceased donor livers to centers 
in lower COVID-19 burden states that were still actively trans-
planting. Crucially, studies of changes to liver allocation following 
implementation of acuity circles will have to properly account for 
the COVID-19 pandemic. Based on simulated models, the acuity 
circles allocation is expected to decrease waitlist deaths and geo-
graphic variation in MELD at transplant, and increase the overall 
number of DDLTs.28,29 The expected values from February 1, 2016 
to January 31, 2020 represent a counterfactual for what would 
have happened from February 1, 2020 to September 2, 2020 with-
out the effects of either the COVID-19 pandemic or the acuity 
circles policy change. It is striking to see that despite the policy 
change, there is a decrease in the number of DDLTs. Compared 
to expected values, the reduction in transplants to patients with 
HCC and low MELDs as well as more transplants at high MELDs 
may reflect the influence of the acuity circles, HCC related pol-
icy changes, the pandemic, or a combination of multiple effects. 
The trends of fewer transplants at low MELDs and exceptions 
points as well as more transplants at high MELDs may be related 
to acuity circles, the pandemic, or a combination of both effects. 
Interestingly, the observed DDLT among MELD >35—a group 
which experienced higher regional waitlist priority before acuity 
circles—was comparable to expected rates.

This study must be interpreted in the context of its limitations. 
The data collected by SRTR is obtained though reporting by in-
dividual transplant centers, so there may be discrepancies in the 
quality of the data that is beyond our control. Furthermore, due 
the nature of registry data, we are unable to ask pertinent and 
specific clinical questions related to what factors at the trans-
plant center level were being influenced by COVID-19 burden. For 
example, there may be city- or hospital-level issues, other than 
local COVID-19 incidence, that have impacted decision-making. 
Despite this, the fact that we still observed patterns at the state 
level is striking. However, the use of a large dataset such as this 
allows for increased generalizability particularly when connected 
with the state-level COVID-19 incidence data. Secondly, a poten-
tial measurement error in waitlist deaths may be due to a delay in 
reporting to the transplant center and the OPTN. Since this error 
would result in an underestimation of the true death rate, and the 
waitlist mortality has a differential effect among varying COVID-
19 burden states, our results may in fact underestimate the true 
mortality impact of the epidemic in these states. Testing strategies 
and availability for SARS-CoV-2 have been changing since the be-
ginning of the pandemic,30,31 which may have also led to an under-
estimation of COVID-19 incidence.32 However, misclassification of 
COVID-19 burden would be expected to bias our results toward 
the null.

In summary, these findings suggest that COVID-19 has impacted 
all aspects of LT, and a better understanding of COVID-19 may ben-
efit this patient population. In states with the highest COVID-19 bur-
den early on, there was a dramatic reduction in DDLT and increased 
mortality for LT candidates. Future research related to post-LT 
COVID-19 incidence and survival outcomes is needed.

F I G U R E  5  LDLT events. (A) Counts of LDLT per weekday from 
February 1 to September 2, 2020, with LOWESS curve show a 
decrease after mid-March, a plateau through April, and an increase 
back to baseline from May to September. (B) Center-level number 
of LDLTs performed between March 15 and April 30, 2020, and 
COVID-19 cases per day per 100,000 population. Points labeled 
based on that center's state and centers from states where more 
than one LDLT was performed are dark red. LDLT, living donor liver 
transplant [Color figure can be viewed at wileyonlinelibrary.com]

www.wileyonlinelibrary.com
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TA B L E  1  Observed center-level events as a proportion of expected events, March 15-August 31, 2020

COVID−19 incidence New listings
Waitlist 
death LDLT DDLT DCD DDLT

Regional 
import

National 
import

March 15-April 30

Overall 0.84 0.890.93 0.98 1.151.35 0.37 0.510.72 0.85 0.910.97 0.76 0.941.15 0.93 1.041.16 3.13 3.523.96

Low 0.91 0.961.02 0.91 1.121.37 0.07 0.160.38 0.89 0.961.03 0.84 1.051.32 1.02 1.151.30 3.69 4.274.95

Medium 0.69 0.790.90 0.52 0.891.50 0.87 1.281.89 0.84 1.001.20 0.19 0.461.09 0.52 0.801.24 5.47 7.309.75

High 0.56 0.690.85 0.65 1.101.86 0 0.44 0.590.79 0.15 0.451.41 0.35 0.681.30 0.68 1.091.75

Very high 0.55 0.670.80 1.09 1.592.32 0.13 0.350.94 0.50 0.660.86 0.43 0.962.15 0.13 0.290.65 1.71 2.383.31

May 1-May 31

Overall 0.74 0.790.84 0.80 0.991.22 0.39 0.580.85 1.05 1.131.21 1.01 1.261.57 1.15 1.301.47 4.11 4.665.29

Low 0.74 0.830.92 0.61 0.941.46 0.30 0.922.84 1.05 1.181.34 1.08 1.522.12 1.50 1.802.17 4.04 5.316.99

Medium 0.68 0.770.87 0.54 0.811.23 0.28 0.581.22 0.97 1.101.25 0.79 1.191.79 0.96 1.181.45 2.88 3.734.82

High 0.63 0.740.87 0.38 0.751.50 0.43 0.771.40 0.96 1.161.40 0.48 0.921.76 0.76 1.131.67 6.44 8.4110.98

Very high 0.69 0.790.91 0.93 1.291.80 0.13 0.320.78 0.89 1.051.25 0.66 1.162.04 0.42 0.661.02 3.09 3.874.84

June 1-June 30

Overall 0.92 0.971.03 0.80 1.001.24 0.79 1.061.41 1.07 1.151.23 1.06 1.321.64 1.15 1.301.48 4.09 4.665.29

Low 0.89 1.031.19 0.69 1.212.13 0.41 1.636.53 1.05 1.241.48 1.29 2.053.25 1.40 1.832.40 5.15 7.6911.47

Medium 0.90 0.981.06 0.79 1.051.38 0.74 1.041.47 1.05 1.151.27 0.98 1.311.74 1.08 1.271.49 3.72 4.415.22

High 0.78 0.901.05 0.37 0.671.22 0.49 1.032.17 0.83 1.001.20 0.53 0.961.74 0.74 1.101.62 2.80 3.724.95

Very high 0.81 1.001.24 0.58 1.071.99 0.39 1.042.77 0.95 1.241.62 0.25 0.782.42 0.55 0.911.48 5.01 7.3110.65

July 1-July 31

Overall 0.98 1.031.10 0.78 0.961.20 0.90 1.181.54 1.06 1.141.23 0.85 1.081.37 1.02 1.171.33 4.31 4.875.52

Low 0.87 1.001.17 0.48 0.801.33 0.63 1.121.97 0.97 1.171.43 0.66 1.322.63 0.37 0.671.20 3.25 4.135.26

Medium 0.88 0.981.09 0.78 1.121.63 0.74 1.101.64 1.13 1.281.46 0.97 1.392.00 0.86 1.111.43 5.14 6.247.59

High 0.79 0.991.23 0.08 0.331.34 0.20 1.4310.16 1.23 1.572.00 0.29 0.772.04 1.08 1.742.80 4.53 7.6512.92

Very high 1.00 1.091.18 0.76 1.041.43 0.84 1.362.23 0.89 0.991.11 0.59 0.871.28 1.03 1.221.44 3.16 4.005.05

August 1-August 31

Overall 0.91 0.961.02 0.71 0.881.11 0.63 0.871.19 1.05 1.131.21 0.99 1.241.55 0.97 1.111.27 4.20 4.765.39

Low 0.77 0.971.23 0.40 0.831.75 0.15 0.471.45 0.99 1.321.77 0.77 2.065.49 0.05 0.210.83 2.72 3.795.28

Medium 0.79 0.921.07 0.38 0.701.31 0.44 0.801.44 0.84 1.041.28 0.25 0.671.79 0.69 1.131.84 2.58 3.695.28

High 0.75 0.881.03 0.54 0.981.77 0.57 1.142.28 1.06 1.261.49 0.88 1.342.06 0.91 1.271.77 3.96 5.146.66

Very high 0.92 0.991.07 0.69 0.921.22 0.60 0.961.54 1.00 1.101.20 0.94 1.251.66 0.98 1.141.33 4.47 5.346.37

Note. COVID-19 incidence stratified based on cases per 100,000 population per day during the last week in March (for March 15-April 30) or during 
the last week of the prior month (for May and August). Bold denotes statistically significant IRRs; underline denotes IRRs that are significantly 
different from the IRR in states with the lowest per-capita COVID-19 cases. 
Abbreviations: DCD, donation after circulatory death; DDLT, deceased donor liver transplant; LDLT, living donor liver transplant. 
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