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Florida  Trends

• As of 4/12 positivity rate – 8.16%

• As of 4/12 new cases – 9,130

• Positivity rates amongst LTC residents – 0.22%
• Positivity rates amongst LTC staff - 0/19%
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COVID Vaccinations

Pfizer/BionNtech
BNT162b1 RNA-based

Moderana
mRNA-1237

Johnson & Johnson
Ad26.COV2-S

Oxford/AstraZeneca
AZD1222

Novavax
NVX-CoV2373

Type mRNA mRNA Adenovirus-based Adenovirus-based Protein-based 
vaccine

Dose(s) 2 doses, 21 days apart 2 doses, 28 days 
apart

Single dose and 2 doses (57 days 
apart) are being studied

2 doses, 28 days apart 2 doses; 21 days 
apart

EUA Approved Approved Approved Not approved Not approved

Efficiacy 95% 95% 66% at preventing mod to severe 
COVID; 85% overall vaccine efficacy –

in preventing severe disease Single 
dose

70% 89.3%

Availability Approved in the US Dec 2020 Approved in the 
US Dec 2020

Approved in the US – Feb 2021 Pending approval in US; 
Authorized in Europe, and in 

other countries – **distribution 
on hold in several countries 

Feb. or March 2021 
in UK

Q1/Q2 in the US





Cerebral Venous Sinus 
Thrombosis In combination with 

Thrombocytopenia

6 cases in women, 
ages 18 – 48

Symptoms occurred 6 
to 13 days post 
vaccination



T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med   nejm.org 1

From Institut für Immunologie und Trans-
fusionsmedizin, Universitätsmedizin Greifs-
wald, Greifswald (A.G., T.T.), and the Di-
vision of Safety of Medicinal Products 
and Medical Devices, Paul-Ehrlich-Insti-
tut (Federal Institute for Vaccines and 
Biomedicines), Langen (K.W.) — both in 
Germany; the Departments of Pathology 
and Molecular Medicine and of Medi-
cine, McMaster University, Hamilton, ON, 
Canada (T.E.W.); and the Department of 
Medicine I, Division of Hematology and 
Hemostaseology, Medical University of 
Vienna, Vienna (P.A.K., S.E.). Address re-
print requests to Dr. Greinacher at Insti-
tut für Immunologie und Transfusions-
medizin, Abteilung Transfusionsmedizin, 
Sauerbruchstrasse, 17487 Greifswald, 
Germany.

Drs. Greinacher and Thiele contributed 
equally to this article.

This article was published on April 9, 
2021, at NEJM.org.

DOI: 10.1056/NEJMoa2104840
Copyright © 2021 Massachusetts Medical Society.

BACKGROUND
Several cases of unusual thrombotic events and thrombocytopenia have developed 
after vaccination with the recombinant adenoviral vector encoding the spike pro-
tein antigen of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
(ChAdOx1 nCov-19, AstraZeneca). More data were needed on the pathogenesis of 
this unusual clotting disorder.

METHODS
We assessed the clinical and laboratory features of 11 patients in Germany and 
Austria in whom thrombosis or thrombocytopenia had developed after vaccination 
with ChAdOx1 nCov-19. We used a standard enzyme-linked immunosorbent assay 
to detect platelet factor 4 (PF4)–heparin antibodies and a modified (PF4-enhanced) 
platelet-activation test to detect platelet-activating antibodies under various reac-
tion conditions. Included in this testing were samples from patients who had 
blood samples referred for investigation of vaccine-associated thrombotic events, 
with 28 testing positive on a screening PF4–heparin immunoassay.

RESULTS
Of the 11 original patients, 9 were women, with a median age of 36 years (range, 
22 to 49). Beginning 5 to 16 days after vaccination, the patients presented with 
one or more thrombotic events, with the exception of 1 patient, who presented 
with fatal intracranial hemorrhage. Of the patients with one or more thrombotic 
events, 9 had cerebral venous thrombosis, 3 had splanchnic-vein thrombosis, 3 had 
pulmonary embolism, and 4 had other thromboses; of these patients, 6 died. Five 
patients had disseminated intravascular coagulation. None of the patients had 
received heparin before symptom onset. All 28 patients who tested positive for 
antibodies against PF4–heparin tested positive on the platelet-activation assay in 
the presence of PF4 independent of heparin. Platelet activation was inhibited by 
high levels of heparin, Fc receptor–blocking monoclonal antibody, and immune 
globulin (10 mg per milliliter). Additional studies with PF4 or PF4–heparin affin-
ity purified antibodies in 2 patients confirmed PF4-dependent platelet activation.

CONCLUSIONS
Vaccination with ChAdOx1 nCov-19 can result in the rare development of immune 
thrombotic thrombocytopenia mediated by platelet-activating antibodies against 
PF4, which clinically mimics autoimmune heparin-induced thrombocytopenia. 
(Funded by the German Research Foundation.)
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What is the Impact on Vaccine 
Confidence?
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Escaping Catch-22 — Overcoming Covid Vaccine Hesitancy

Lisa Rosenbaum, M.D.

On September 8, 2020, AstraZeneca announced 
that it was pausing its late-phase SARS-CoV-2 
vaccine trial because of a serious adverse event 
in a U.K. participant. The next day, my hair-
dresser, Ms. J., asked me what I thought about 
the news. I said the halting of the trial to inves-
tigate the adverse event was reassuring — an 
example of science doing its job. “What do you 
think?” I asked.

“There’s no effing way I’m getting a vaccine,” 
she said.

Ms. J., who lives in New York City, had 
 Covid-19 in April. Though she didn’t require 
hospitalization, the virus incapacitated her for 
weeks, leaving her weak and unable to tolerate 
solid foods; for months, she continued to be-
come dyspneic with exertion. She was terrified 
of getting the virus again and derived little com-
fort from the possibility that she had enduring 
immunity. Yet the prospect of getting a Covid-19 
vaccine was even scarier. Emphasizing the haste 
of vaccine development, the need for long-term 
safety data, and concern that side effects could 
“make everything worse than it already is,” Ms. J. 
added that most of her friends and relatives were 
similarly “really suspicious” of the vaccines.

And they are not alone. Though many people 
initially believed a vaccine was the magic bullet 
that would save us from a devastating pandemic 
and return our lives to normalcy, we now find 
ourselves contemplating simultaneously how to 
ethically allocate a limited number of vaccine 
doses to the many people who want them and 
how to increase vaccine uptake among those 
who don’t. Though estimates vary, public health 
officials suggest that about 80 to 85% of Ameri-
cans would need to be vaccinated for the country 
to achieve herd immunity. Vaccine confidence 
seems to be rising, but recent polling suggests 
that about 31% of Americans wish to take a wait-
and-see approach, and about 20% remain quite 

reluctant.1 The behavioral obstacles to wide-
spread vaccination are thus as important to 
understand as the scientific and logistic hurdles.

Accordingly, since September, I have been 
talking with people about their perceptions and 
concerns about Covid-19 vaccination. Before the 
election, people often mentioned the prospect 
that a vaccine would be approved prematurely by 
a desperate Trump administration, but concerns 
about long-term safety are common, persistent, 
and not unfounded. Even though adverse events 
tend to occur within the first 6 to 8 weeks after 
vaccination, vaccines are typically not approved 
until 2 years of follow-up data have been gath-
ered. In addition, some SARS-CoV-2 vaccines, 
such as those based on messenger RNA, use new 
technologies for which long-term data are lack-
ing. We also don’t yet know the durability of 
immunity, the degree to which vaccines prevent 
asymptomatic infections, or whether boosters 
will be necessary, especially given the emergence 
of viral variants. In the midst of a pandemic that 
is taking thousands of lives daily and devastat-
ing society, many people will find these uncer-
tainties acceptable. But for others, as with many 
trade-offs in medicine, the magnitude of benefit 
may have less emotional resonance than the 
possibility, no matter how minimal, of risk.

More Than Messaging

For those with intent to be vaccinated, interven-
tions such as default appointments and onsite 
vaccination effectively increase uptake.2,3 Less is 
known, however, about how to increase uptake 
by modifying the beliefs of the hesitant. In one 
randomized trial targeting parents with children 
eligible for the measles–mumps–rubella (MMR) 
vaccine, researchers tested various messaging 
strategies that either corrected misinformation 
or had emotional appeal. One strategy refuted 
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Antibody Persistence through 6 Months after the 
Second Dose of mRNA-1273 Vaccine for Covid-19

To the Editor: Interim results from a phase 3 
trial of the Moderna mRNA-1273 severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) 
vaccine indicated 94% efficacy in preventing 
coronavirus disease 2019 (Covid-19).1 The dura-
bility of protection is currently unknown. We de-
scribe mRNA1273-elicited binding and neutral-
izing antibodies in 33 healthy adult participants 
in an ongoing phase 1 trial,2-4 stratified accord-
ing to age, at 180 days after the second dose of 
100 µg (day 209).

Antibody activity remained high in all age 
groups at day 209. Binding antibodies, measured 
by means of an enzyme-linked immunosorbent 
assay against SARS-CoV-2 spike receptor–binding 
domain,2 had geometric mean end-point titers 
(GMTs) of 92,451 (95% confidence interval [CI], 
57,148 to 149,562) in participants 18 to 55 years 
of age, 62,424 (95% CI, 36,765 to 105,990) in 
those 56 to 70 years of age, and 49,373 (95% CI, 
25,171 to 96,849) in those 71 years of age or 
older. Nearly all participants had detectable ac-
tivity in a pseudovirus neutralization assay,2 with 
50% inhibitory dilution (ID50) GMTs of 80 (95% CI, 
40 to 135), 57 (95% CI, 30 to 106), and 59 (95% CI, 
29 to 121), respectively. On the more sensitive 
live-virus focus-reduction neutralization mNeon-
Green test,4 all the participants had detectable 
activity, with ID50 GMTs of 406 (95% CI, 286 to 
578), 171 (95% CI, 95 to 307), and 131 (95% CI, 
69 to 251), respectively; these GMTs were lower 
in participants 56 to 70 years of age (P = 0.02) 
and in those 71 years of age or older (P = 0.004) 
than in those 18 to 55 years of age (Fig. 1; also 
see the Supplementary Appendix, available with 
the full text of this letter at NEJM.org).

The estimated half-life of binding antibodies 
after day 43 for all the participants was 52 days 

(95% CI, 46 to 58) calculated with the use of an 
exponential decay model, which assumes a steady 
decay rate over time, and 109 days (95% CI, 92 to 
136) calculated with the use of a power-law model 
(at day 119), which assumes that decay rates de-
crease over time. The neutralizing antibody half-
life estimates in the two models were 69 days 
(95% CI, 61 to 76) and 173 days (95% CI, 144 to 
225) for pseudovirus neutralization and 68 days 
(95% CI, 61 to 75) and 202 days (95% CI, 159 to 
272) for live-virus neutralization. As measured 
by ∆AICc (change in Akaike information criterion, 
corrected for small sample size), the best fit for 
binding and neutralization were the exponential 
decay and power-law models, respectively (see the 
Supplementary Appendix). These results are con-
sistent with published observations of convales-
cent patients with Covid-19 through 8 months 
after symptom onset.5

Although the antibody titers and assays that 
best correlate with vaccine efficacy are not cur-
rently known, antibodies that were elicited by 
mRNA-1273 persisted through 6 months after the 
second dose, as detected by three distinct sero-
logic assays. Ongoing studies are monitoring im-
mune responses beyond 6 months as well as 
determining the effect of a booster dose to ex-
tend the duration and breadth of activity against 
emerging viral variants. Our data show antibody 
persistence and thus support the use of this vac-
cine in addressing the Covid-19 pandemic.

Nicole Doria-Rose, Ph.D.
National Institute of Allergy and Infectious Diseases (NIAID) 
Bethesda, MD

Mehul S. Suthar, Ph.D.
Emory University School of Medicine 
Decatur, GA 
msuthar@  emory . edu
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Florida COVID 
Variant Proportions

UK variant - B.1.1.7 = 52.5%

South Africa B.1.351 = 0.3% 

US California variants B.1.427/B.1.429 = 7.5%

Brazil/Japan P.1 = 2.4% 

All other lineages = 37.6%





Research Letter | Infectious Diseases

Genome Analysis for Sequence Variants in SARS-CoV-2 Among Asymptomatic
Individuals in a Long-term Care Facility
Baha Abdalhamid, MD, PhD; Peter C. Iwen, PhD; Michael R. Wiley, PhD; Catherine B. Pratt, MS; Steven H. Hinrichs, MD

Introduction
Studies have suggested that sequence variants in the genome of SARS-CoV-2 may affect infectivity,
transmission, and pathogenicity of the virus.1-3 In this study, genome analysis was performed on
SARS-CoV-2 RNA recovered from 7 individuals in a long-term care facility who were asymptomatic at
time of screening.

Methods
This cohort study followed the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) reporting guideline. As per 45 CFR 46.102(I), this study did not require
University of Nebraska Medical Center institutional review board approval because it supported the
COVID-19 public health response. No informed patient consent was required because the individuals
were deidentified and institutional review board approval was not required.

After contact with a health care worker positive for SARS-CoV-2, 20 female residents in a long-
term care facility were screened for SARS-CoV-2 symptoms and a nasopharyngeal swab was

Table. Characteristics of SARS-CoV-2 Strains Detected in Asymptomatic Individuals From Long-term Care Facility

Sample IDa N1, Ctb N2, Ctb GISAID IDc NextCladed

NE-001-17 22.42 23.2 EPI_ISL_732820 20C

NE-002-17 26.61 27.31 EPI_ISL_732821 20C

NE-003-17 26.55 27.27 EPI_ISL_732822 20C

NE-004-17 18.94 19.58 EPI_ISL_732823 20C

NE-005-17 17.09 17.66 EPI_ISL_732824 20C

NE-006-17 22.91 23.49 EPI_ISL_732825 20C

NE-007-17 17.2 17.72 EPI_ISL_732826 20C

Abbreviation: Ct, cycle threshold.
a All 7 asymptomatic individuals were female. Their

samples were collected on September 26, 2020.
b N1 and N2: Regions of SARS-COV-2 nucleocapsid (N)

genes detected by polymerase chain reaction.
c Accession ID of SARS-CoV-2 strains uploaded to

GISAID database.
d All 7 SARS-CoV-2 strains were grouped in 20C by

NextClade.

Figure. Sequence Alignment Between the 7 SARS-CoV-2 Strains and Wuhan Strain With Amino Acid Changes
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Neutralization of SARS-CoV-2 Variants B.1.429 and B.1.351

To the Editor: The severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) variant 
B.1.429 (also called CAL.20C or 452R.V1), first 
identified in California,1 is spreading rapidly in 
the United States and has been found in at least 
25 other countries (see updates at https://www 
. gisaid . org/  hcov19 - variants/  ). This variant contains 
three spike mutations that are major targets for 
neutralizing antibodies; one mutation (L452R) is 
located in the receptor-binding motif, and an-
other (W152C) in the N-terminal domain super-
site. This has aroused concern about possible 
immune escape, which could compromise vaccine 
efficacy and increase the risk of reinfection. We 
measured the neutralizing activity of serum 
specimens obtained from 14 convalescent per-
sons and from 49 recipients of one of two differ-
ent vaccines based on the ancestral spike: an 
mRNA vaccine (mRNA-1273 [Moderna]; 26 re-
cipients)2 and a protein nanoparticle vaccine 
(NVX-CoV2373 [Novavax]; 23 recipients).3 We 
selected mRNA-1273 samples that represented 
high, medium, and low neutralization titers. 
NVX-CoV2373 samples were randomly selected 
and were not preselected on the basis of anti-
body titers.

The neutralizing activity of all serum samples 
was tested against the B.1.429 variant and a vari-
ant of concern that first emerged in South Africa 
(B.1.351, also called 20H/501Y.V2). We compared 
this neutralizing activity to the activity the se-
rum samples exhibited against the prototypical 
D614G variant. As compared with the D614G 
variant, we found that B.1.429 was approximate-
ly 2 to 3 times less sensitive to neutralization by 
convalescent serum and by serum samples ob-
tained from vaccinated persons, whereas B.1.351 
was approximately 9 to 14 times less sensitive to 
neutralization.

We constructed pseudoviruses with the D614G 
spike mutation alone (as the comparator variant) 
or combined with the additional mutations found 
in B.1.429 (S13I, W152C, and L452R) and B.1.351 
(L18F, D80A, D215G, ∆242–244, R246I, K417N, 

E484K, N501Y, and A701V). Neutralization assays 
were performed with the use of a validated len-
tivirus-based spike-pseudotyped virus assay in 
293T cells that were stably transduced to over-
express angiotensin-converting enzyme 2.4 The 
variant B.1.429 was neutralized by convalescent 
serum and by serum obtained from vaccinated 
persons, resulting in 50% inhibitory dilution (ID50) 
geometric mean titers of 225 to 495 (Fig. 1A, 
and Table S1 in Supplementary Appendix 1, avail-
able with the full text of this letter at NEJM.org). 
The ID50 and ID80 titers against the B.1.429 vari-
ant for convalescent serum and for serum from 
persons who had received one of the vaccines 
were significantly lower than those against 
D614G (P<0.001) (Fig. 1A and 1B, and Table S2 
in Supplementary Appendix 2). The geometric 
mean ID50 titers against B.1.429 were 3.1 times 
(range, 1.4 to 8.8) lower than those against 
D614G for convalescent serum and were 2.0 and 
2.5 times (range, 0.7 and 8.6) lower than against 
D614G for serum from persons who had received 
the mRNA-1273 and NVX-CoV2373 vaccines, re-
spectively (Fig. 1C and Table S1). The geometric 
mean ID50 titer against B.1.351 was 13.1 times 
lower than against D614G for convalescent se-
rum and 9.7 times and 14.5 times lower than 
against D614G for serum from persons who had 
received the mRNA-1273 and NVX-CoV2373 vac-
cines, respectively (Fig. 1C). Our findings regard-
ing neutralization of the B.1.351 variant by se-
rum obtained from recipients of the mRNA-1273 
vaccine are consistent with those reported previ-
ously.5

The modestly lower value in neutralization ti-
ters against the B.1.429 variant seen in this study 
is similar to that we saw previously when neutral-
ization of the B.1.1.7 variant was tested with the 
same assay using serum samples obtained from 
recipients of the mRNA-1273 and NVX-CoV2373 
vaccines.4 These results, and the high efficacy 
shown by these vaccines, suggest that vaccine-
elicited neutralizing antibodies are likely to re-
main effective against the B.1.429 variant. The 
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Neutralizing Response against Variants  
after SARS-CoV-2 Infection and One Dose of BNT162b2

To the Editor: The BNT162b2 vaccine was 
shown to have 95% efficacy against coronavirus 
disease 2019 (Covid-19).1 To date, the two-dose 
vaccine protocol has not been approved in Israel 
for persons previously infected with severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2); 

however, administration of a single dose is now 
being considered.

In addition to the original virus first identi-
fied in Wuhan, China, SARS-CoV-2 variants first 
identified in the United Kingdom (B.1.1.7), South 
Africa (B.1.351), and Brazil (P.1) have been de-

Figure 1. Neutralizing Response against the Original Virus and Variants after SARS-CoV-2 Infection and One Dose  
of the BNT162b2 Vaccine.

Serum samples from six patients previously infected with severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), obtained 1 to 12 weeks after natural infection, immediately before receiving one dose of the BNT162b2 vac-
cine, and 1 to 2 weeks after vaccination, were tested with a microneutralization assay for the neutralizing response 
against sublineage B.1 of the original virus (Panel A), the B.1.1.7 variant first identified in the United Kingdom (Pan-
el B), the B.1.351 variant first identified in South Africa (Panel C), and the P.1 variant first identified in Brazil (Panel D). 
Dashed lines indicate the cutoff titer. Solid lines and numbers indicate the geometric mean titer, and I bars show 
the 95% confidence interval.
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Neutralizing Response against Variants  
after SARS-CoV-2 Infection and One Dose of BNT162b2

To the Editor: The BNT162b2 vaccine was 
shown to have 95% efficacy against coronavirus 
disease 2019 (Covid-19).1 To date, the two-dose 
vaccine protocol has not been approved in Israel 
for persons previously infected with severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2); 

however, administration of a single dose is now 
being considered.

In addition to the original virus first identi-
fied in Wuhan, China, SARS-CoV-2 variants first 
identified in the United Kingdom (B.1.1.7), South 
Africa (B.1.351), and Brazil (P.1) have been de-

Figure 1. Neutralizing Response against the Original Virus and Variants after SARS-CoV-2 Infection and One Dose  
of the BNT162b2 Vaccine.

Serum samples from six patients previously infected with severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), obtained 1 to 12 weeks after natural infection, immediately before receiving one dose of the BNT162b2 vac-
cine, and 1 to 2 weeks after vaccination, were tested with a microneutralization assay for the neutralizing response 
against sublineage B.1 of the original virus (Panel A), the B.1.1.7 variant first identified in the United Kingdom (Pan-
el B), the B.1.351 variant first identified in South Africa (Panel C), and the P.1 variant first identified in Brazil (Panel D). 
Dashed lines indicate the cutoff titer. Solid lines and numbers indicate the geometric mean titer, and I bars show 
the 95% confidence interval.
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Characteristics of Nursing Homes by COVID-19 Cases among Staff:
March to August 2020
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a b s t r a c t

Objective: To measure the association between nursing home (NH) characteristics and Coronavirus
Disease 2019 (COVID-19) prevalence among NH staff.
Design: Retrospective cross-sectional study.
Setting and Participants: Centers for Disease Control and Prevention COVID-19 database for US NHs be-
tween March and August 2020, linked to NH facility characteristics (LTCFocus database) and local COVID-
19 prevalence (USA Facts).
Methods: We estimated the associations between NH characteristics, local infection rates, and other
regional characteristics and COVID-19 cases among NH staff (nursing staff, clinical staff, aides, and other
facility personnel) measured per 100 beds, controlling for the hospital referral regions in which NHs were
located to account for local infection control practices and other unobserved characteristics.
Results: Of the 11,858 NHs in our sample, 78.6% reported at least 1 staff case of COVID-19. After ac-
counting for local COVID-19 prevalence, NHs in the highest quartile of confirmed resident cases (413.5 to
920.0 cases per 1000 residents) reported 18.9 more staff cases per 100 beds compared with NHs that had
no resident cases. Large NHs (150 or more beds) reported 2.6 fewer staff cases per 100 beds compared
with small NHs (<50 beds) and for-profit NHs reported 0.8 fewer staff cases per 100 beds compared with
nonprofit NHs. Higher occupancy and more direct-care hours per day were associated with more staff
cases (0.4 more cases per 100 beds for a 10% increase in occupancy, and 0.7 more cases per 100 beds for
an increase in direct-care staffing of 1 hour per resident day, respectively). Estimates associated with
resident demographics, payer mix, or regional socioeconomic characteristics were not statistically
significant.
Conclusions and Implications: These findings highlight the urgent need to support facilities with emer-
gency resources such as back-up staff and protocols to reduce resident density within the facility, which
may help stem outbreaks.

! 2021 AMDA e The Society for Post-Acute and Long-Term Care Medicine.

Since the start of the Coronavirus Disease 2019 (COVID-19)
outbreak in early 2020, almost 21 million cases have been reported in
the United States.1 Among the hardest hit have been residents of

nursing homes (NHs), who comprise less than 1% of the US population
but account for more than 40% of deaths attributed to COVID-19.2 NHs
were particularly vulnerable to the outbreak due to a number of
longstanding structural deficiencies, including inadequate supply and
access to personal protective equipment (PPE) and staffing shortages.3

Anecdotal reports from early days of the pandemic documented the
severe impact of these deficiencies on the mental health of NH staff as
a result of stress and fatigue.4 To combat these issues and support
nursing home staff, some states have implemented policies that
modify licensure laws5 and increase compensation and paid leave for
NH health care workers.6,7 However, properly understanding the

Dr. Jung’s work on this study was supported by a Mentored Research Scientist
Development Award from the National Institute of Aging (K01AG057824). Dr.
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