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In the United States, the COVID-19 pandemic has disproportion-
ately affected both staff and residents in nursing homes.'* COVID-19
mortality among residents, specifically, has fluctuated over the course
of the pandemic, but has, at times, accounted for more than 50% of all
US COVID-19 deaths.” Residents are vulnerable to COVID-19 for
several reasons. First, nursing homes have many staff and visitors
(medical professionals and family/friends) who frequently have direct
contact with residents and are the primary vector that brings SARS-
CoV-2 into the nursing home.">* Identifying asymptomatic and pre-
symptomatic carriers has proven challenging, especially before
widespread access to testing, and contributed to the risk of trans-
mission in this setting.® Second, most nursing homes are densely
populated, often with 2 (or more) residents sharing a room. This
makes it challenging to distance and isolate and increases exposure to
SARS-CoV-2. Third, many certified nursing assistants, who represent
64% of all nursing home staff, hold multiple customer/client-facing
jobs, which put them at increased risk of COVID-19 infection and
thus, transmission to residents.”’" Fourth, most nursing home resi-
dents have multiple comorbidities and are immunocompromised,
both risk factors for SARS-CoV-2.!!!

Vaccination is a key component of a multilayered strategy to
mitigate the burden of COVID-19 in nursing homes.!>"'# However, not
all residents and staff are vaccinated or up to date with vaccination,
and breakthrough infections may occur.!>!® Other infection control
strategies to manage COVID-19 may include screening residents and
staff, having COVID-19 care units, and implementing nonpunitive sick
leave policies.!” Improving indoor air quality has also gained attention
as an additional strategy to reduce the transmission of SARS-CoV-2
and mitigate COVID-19."®!° Intervening on indoor air quality is
attractive because it can have a wide impact and when implemented
at a structural level (ie, modifying air handling systems) does not
depend on human behavior (eg, wearing a mask). Strategies vary in
difficulty with implementation, degree of human involvement, and
cost. Each nursing home is eligible to receive $3000 in Civil Monetary
Penalty Reinvestment Program funding for indoor air quality
improvements.

The importance of improving indoor air quality is highlighted by
data demonstrating SARS-CoV-2 can be transmitted through ventila-
tion systems.”%?! There are myriad interventions to improve indoor
air quality, from natural ventilation (eg, opening windows and doors)
to modifying building air handling systems through filtration, purifi-
cation, dilution, or disinfection.'®*? However, data on the effectiveness
of specific air management interventions in nursing homes on SARS-
CoV-2 are limited. Thus, we addressed this gap by taking advantage
of a “natural experiment” that was conducted when a multifacility
nursing home corporation installed ultraviolet air purification in 84
facilities. Using an interrupted time series design, we examined trends
in COVID-19—related outcomes before and after installation in the
facilities’ existing heating, ventilation, and air conditioning (HVAC)
systems.

Methods
Study Data and Setting

We obtained installation data (facility name, address, and instal-
lation date) for 103 nursing homes in a multifacility corporation in the
southern United States that gave permission for their distributor to
share facility-level data for this evaluation.

These nursing homes installed ultraviolet air purification in their
existing HVAC systems. The air purifiers used a photocatalytic process
to generate hydrogen peroxide. The purifiers were typically installed
on the supply side of HVAC equipment so that they were downstream
of the HVAC filters. In one facility, the air purifiers were installed with

a wall-mounted fan that distributed air into the room. Otherwise, the
buildings’ own HVAC system distributed the hydrogen peroxide
generated by the purifier throughout the building. The air purifiers
were installed between July 27, 2020, and September 10, 2020.
Technicians from the distributor installed units to account for each
facility’s unique HVAC airflow and organic loading. Specific features
about the individual nursing homes’ HVAC systems were not available
to the research team.

We were able to link 81 of the 103 facilities to supporting analytic
files. First we linked nursing homes to the Nursing Home COVID-19
Public Health File, which includes data reported by nursing homes
to the Centers for Disease Control and Prevention’s (CDC's) National
Healthcare Safety Network Long-Term Care Facility COVID-19 Module:
Surveillance Reporting Pathways and COVID-19 Vaccinations.* Since
the week of May 31, 2020, Medicare- and Medicaid-certified facilities
have submitted weekly COVID-19—related metrics, including the
number of residents with a new confirmed COVID-19 case. Next,
linked to data from LTCFocus.org, a publicly available Brown Univer-
sity database that provides contextual information on nursing home
characteristics (eg, age of residents and number of beds).

We determined the county in which each nursing home was
located using the address information in the installation data. We then
linked county-level COVID-19 data from The New York Times County
COVID-19 Cases,”® and outside temperature data with the nursing
homes in the distributor file.>* The New York Times County COVID-19
Cases file provides data on COVID-19 cases and deaths per 100,000
by county. Last, temperature data from Spangler et al.>* contains mean
temperature at the county level on a daily and weekly basis.

COVID-19—Related Outcomes

We obtained COVID-19—related outcome data from the Nursing
Home COVID-19 Public Health File. Outcomes included weekly
confirmed COVID-19 cases per 1000 residents, whether a nursing
home had any COVID-19 cases in the week (0 = no cases; 1 = >1 case),
and whether a nursing home had any COVID-19 deaths in the week
(0 =no; 1 =yes).

Covariates and Contextual Variables

Prior research demonstrates that COVID-19 predominantly enters
nursing homes via staff, visitors, and other outside guests."” Therefore,
the dynamics of COVID-19 in the surrounding community has a large
effect on infections in the nursing home. We controlled for county-
level time-varying confounders related to community spread of
COVID-19. Confounders included weekly COVID-19 cases in the county
per 100,000, COVID-19 deaths in the county per 100,000, and mean
weekly heat index in the county.

We used data from LTCFocus.org to provide context to the char-
acteristics of the nursing homes in the sample. We did not control for
these contextual variables because they are time-invariant and thus
cannot confound our associations.

Statistical Analysis

We described the time-invariant characteristics of the 81 nursing
homes. We then used a single group interrupted time series design to
compare the trend and immediate change in the outcome in the
period before (ie, pre period) and after (ie, post period) air purifiers
were installed.”> We centered time for each nursing home on the
week of the air purifier installation. All nursing homes in the analytical
file had 8 weeks of pre- and 8 weeks of post-installation data, which
spanned from September 31, 2020, to December 27, 2020. Vaccination
began December 18, 2020, and did not confound our analyses.”® We
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Table 1
Characteristics of Nursing Homes in Pilot Evaluation

Nursing Homes (N = 81)

Contextual measures
Location of nursing home, n (%)
Florida
Georgia
North Carolina
South Carolina
Percent of women in nursing home, mean (SD)
Prevalence Black, mean (SD)
Prevalence White, mean (SD)
Prevalence Hispanic, mean (SD)
Age, mean (SD)
Percentage admitted from community, mean (SD)
Prior to intervention, mean (SD)
Weekly COVID-19 cases in the community per 100,000
Weekly COVID-19 deaths in the community per 100,000
Mean heat index [°C]
Weekly COVID-19 cases in the nursing home per 1000 residents
Proportion of nursing homes with >1 COVID-19 case per week (%)
Proportion of nursing homes with >1 COVID-19 death per week (%)
Post intervention, mean (SD)
Weekly COVID-19 cases in the community per 100,000
Weekly COVID-19 deaths in the community per 100,000
Weekly mean heat index [°C]
Weekly COVID-19 cases in nursing home per 1000 residents
Proportion of nursing homes with >1 COVID-19 case per week (%)
Proportion of nursing homes with >1 COVID-19 death per week (%)

3(3.7)

49 (60.5)

17 (21.0)

12 (14.8)
65.05 (13.61)
31.50 (24.33)
64.53 (24.72)

0.88 (1.28)

78.27 (6.16)

5.81(9.02)

25.0 (14.7)
0.4 (0.6)
28.4(2.5)
14.3 (50.8)
215
8.8

18.5 (12.4)
0.7 (0.8)
22.4(11.0)

9.3 (46.8)
9.6
18

used ordinary least squares regression to estimate changes in
continuous and dichotomous outcomes (ie, linear probability model).
We tested the inclusion of a squared term for time to account for
nonlinear trajectories, but this did not improve model fit. We clustered
standard errors at the nursing home level and accounted for auto-
correlation.”’-%°

We conducted all statistical analyses using Stata 16.

Results
On average, the 81 nursing homes had 108 beds (SD: 36.0) and

residents were 78.3 years of age (SD: 6.2) (Table 1). Most nursing
homes were located in Georgia (60.5%) ,and August 19, 2020, was the

>

_
o
o

Average Cases per 1,000 in Week
N )

o

Pre-Intervention Post-Intervention

median air purifier installation date (range: April 2020 to October
2020).

Figure 1A shows the distribution of COVID-19 cases in the pre and
post periods; Figure 1B shows the trend in weekly COVID-19 cases per
1000 residents in the pre and post periods. In the 8 weeks before the
air purifiers were installed, the nursing homes had, on average, 14.3
COVID-19 cases per 1000 residents (SD: 50.8). In the pre period (ie,
pre-intervention slope), the number of COVID-19 cases increased by
0.60 (95% CI, —1.47 to 2.67) per 1000 residents per week (Table 2). In
the post period, there was an immediate decrease (ie, level change) in
COVID-19 cases (—3.10 cases per 1000 residents, 95% CI, —15.75 to
9.54), and the number of cases continued to decline on a weekly basis
(1.09 cases per week, 95% CI, —2.21 to 0.03; ie, post-intervention

W

20
°

15

Cases in Week per 1,000 Residents
5 10
L 1

0
L
[ ]

® Actual Predicted

Fig. 1. (A) Distribution of nursing homes’ weekly resident COVID-19 cases, pre and post periods. Distribution of COVID-19 cases before and after installation of ultraviolet air
purification. (B) Weekly cases per 1000 nursing home residents. Actual (observed) and predicted COVID-19 cases per week before and after installation of ultraviolet air

purification.
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Table 2
Interrupted Time Series Coefficients and 95% Cls
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Weekly COVID-19 Cases

per 1000 Residents

Any COVID-19 Case

per Week (0 = No; 1 = Yes)

Any COVID-19 Death

per Week (0 = No; 1 = Yes)

Time (pre-intervention slope)

Treatment indicator (post-intervention intercept)
Time x treatment interaction

COVID-19 cases per 100K in county

COVID-19 deaths per 100K in county

Mean heat index

Intercept

0.60 [—1.47 to 2.67]

~3.10 [~15.75 to 9.54]

~1.69 [-4.32 to 0.95]
0.52 [0.17 to 0.87]
0.93 [~2.65 to 4.50]

~0.50 [~1.42 to 0.42]
13.0 [-9.35 to 35.42]

0.00 [~0.01 to 0.02]
~0.03 [-0.11 to 0.06]
~0.02 [~0.04 to 0.00]

0.00 [0.00 to 0.01]

0.00 [—0.03 to 0.04]

0.00 [~0.01 to 0.01]

0.13 [~0.08 to 0.33]

~0.01 [~0.02 to 0.00]

~0.01 [-0.07 to 0.05]
0.01 [~0.01 to 0.02]
0.00 [0.00 to 0.00]
0.00 [~0.02 to 0.02]
0.00 [0.00 to 0.01]
0.05 [~0.06 to 0.20]

slope). This led to 1.69 (95% CI, —4.32 to 0.95) fewer COVID-19 cases
per 1000 residents per week in the post compared with the pre period.

During the pre period, 21.4% of nursing homes had at least 1
COVID-19 case per week (Figure 2A). In the pre period (ie, pre-
intervention slope), the weekly probability of a nursing home hav-
ing any COVID-19 case remained stable (0.00; 95% CI, —0.01 to 0.02). In
the first week of the post period, the probability of a nursing home
having any COVID-19 case decreased by 0.03 (95% CI, —0.11 to 0.06; ie,
level change; Table 2 and Figure 2B). In the post period, the weekly
probability of a nursing home having a COVID-19 case decreased by
0.02 (95% CI, —0.04 to —0.01; ie, post-intervention slope). This resulted
in a 0.02 decrease in the probability of a nursing home having a
COVID-19 case per week in the post compared with pre period (95%
(I, —0.04 to 0.00).

Finally, during the pre period, 8.3% of nursing homes had at least 1
COVID-19 death (Figure 3A). In the pre period there was a decline in
the weekly probability of a nursing home reporting a COVID-19 death
(Figure 3B; pre-intervention slope —0.01; 95% CI, —0.02 to 0.00). In the
first week of the post period, the probability of a nursing home
reporting a COVID-19 death decreased by 0.01 percentage points (95%
Cl, —0.07 to 0.05; ie, level change; Table 2). Finally, in the post period,
the probability of a nursing home reporting a COVID-19 death per
week remained stable (ie, post-intervention slope —0.002; 95%
Cl, —0.06 to 0.002), and there was a small increase in the probability of
a nursing home reporting a COVID-19 death in the post compared
with pre period.

Discussion

Our findings indicate that air purification may be an additional
preventive measure for nursing home policymakers and decision
makers to consider. We found that COVID-19 cases per 1000 nursing
home residents and the probability of having any COVID-19 case
decreased following the installation of ultraviolet air purification in
the HVAC systems of 84 nursing homes. Although the effect estimates
were imprecise (ie, wide Cls) and not statistically significant at P <.05,
our pilot evaluation provides the first evidence supporting a potential
association between air purification and improved COVID-19 out-
comes in this setting, underscoring both the potential and the need for
more rigorous research to establish effectiveness.

Improving indoor air quality has gained attention as a strategy to
mitigate the risk of SARS-CoV-2 transmission and COVID-19 infec-
tion as other layered mitigation strategies have relaxed following
widespread vaccination.'%%3! For example, a study conducted in
169 Georgia schools found that COVID-19 incidence was lower in
schools that improved ventilation compared with those that did
not.>” Yet, there is wide variation in approaches to improve indoor
air quality.'” Low-cost interventions, such as opening windows,
installing fans, and maintaining HVAC systems, require person-time
and oversight.>> High-cost interventions, such as modifying HVAC
systems, may have a larger impact and require less person-time, but
may be expensive for nursing homes, which operate on thin margins,
to widely adopt.
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Fig. 2. (A) Distribution of nursing homes with >1 COVID-19 case in the pre and post period. Distribution of nursing homes with >1 COVID-19 case before and after installation of
ultraviolet air purification. (B). Proportion of nursing homes with >1 COVID-19 case per week. Actual (observed) and predicted proportion of nursing homes with >1 COVID-19 case

per week before and after installation of ultraviolet air purification.
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Fig. 3. (A) Distribution of nursing homes with >1 death, pre and post period. Distribution of nursing homes with >1 COVID-19 death before and after installation of ultraviolet air
purification. (B) Proportion of nursing homes with >1 COVID-19 death per week. Actual (observed) and predicted proportion of nursing homes with >1 COVID-19 death per week

before and after installation of ultraviolet air purification.

Although COVID-19 cases per 1000 nursing home residents and the
probability of having any COVID-19 case did decrease following
installation, we found minimal evidence of an association between
installation and the proportion of nursing homes that reported any
resident died of COVID-19. However, there was a decline in the pre-
intervention COVID-19 cases and the small number of deaths may
have limited our ability to identify an association. Larger studies are
needed to assess improvements in outcomes following installation of
these ultraviolet air purifiers and to examine the comparative effec-
tiveness of different indoor air management strategies. The ultraviolet
air purification system installed by the nursing homes in our pilot
study is only one type of air filtration and purification system among
the many that have been used during the SARS-CoV-2 pandemic.
These include both purification and filtration systems that may have
variable effectiveness for removing or inactivating airborne SARS-
CoV-2 virus.

Importantly, system-level indoor air quality interventions imple-
mented to mitigate SARS-CoV-2 transmission in nursing homes may
have positive spillover effects, such as reducing other respiratory
pathogens (eg, influenza).>* Residents spend most of their time in-
doors® and there is a growing body of evidence that demonstrates air
quality in nursing homes may be suboptimal.*®~’ Residents, who
often have complex comorbidities, may be more vulnerable to adverse
health effects of indoor particulates and pollutants.>* Future research
is needed to assess the impact of improved indoor air quality on other
respiratory illnesses and health outcomes.

Limitations and Strengths

Our pilot evaluation has several important limitations. First, we
compared trends in outcomes among facilities in a single multifacility
corporation. There is large variation between nursing homes (eg,
organizational characteristics, physical structure, and resident char-
acteristics), so our findings may not generalize to a broader set of
nursing homes. Second, and as is the case with many natural experi-
ments, we had limited data about the intervention at the facility level.
Specifically, we only observed the date air purifiers were installed and
do not know whether the air purifiers functioned as designed nor do
we know what other indoor air quality or other mitigation measures
the nursing home staff implemented during the same time period. A
strength of our design, however, is that we control for time-invariant
confounders, so only time-varying confounders pose a threat to the
internal validity of our study. Fourth, nursing homes self-report their

weekly COVID-19—related outcomes to the CDC. During the time
period of the study there may have been variation in staff’s ability to
diagnose and manage COVID-19.2%%° Fifth, we evaluated outcomes
that occurred between May 2020 and December 2020. This is a period
before vaccines were available and when there were significant pre-
cautions in place to prevent mortality.*’ Furthermore, we cannot rule
out the possibility that infection-induced immunity during the study
period contributed to observed effects. Finally, the period of analysis
includes summer 2020, a time when community transmission
declined; however, to account for changing community transmission,
we controlled for weekly community COVID-19 cases and deaths.*"*>

Conclusions and Implications

Intervening on indoor air quality has great potential to have a large
impact on SARS-CoV-2 mitigation in nursing homes with minimal
human involvement. Minimizing the concentrations of airborne SARS-
CoV-2 is particularly important in the context of nursing homes where
residents are high risk, have limited mobility, are inside for most of the
day, and are dependent on staff for basic activities of daily living. In our
pilot evaluation, weekly COVID-19 cases per 1000 residents decreased
among nursing homes after installation of an ultraviolet air purifier
compared with before the installation. Although the effect was large, it
was imprecisely estimated and not statistically significant and there
was no evidence of an association between installation and the pro-
portion of nursing homes reporting a COVID-19 death per week.
Although there are robust data from schools and other indoor settings
demonstrating improvements in COVID-19 and other health out-
comes, we recommend a larger study with diverse nursing homes and
an experimental design to assess the causal effect of indoor air in-
terventions, such as air purification, on COVID-19 in this setting. It is
also important to understand the effect of indoor air quality in-
terventions, such as air purification, on infection, morbidity, and
mortality in the context of high population immunity (prior infection
and vaccination). Setting-specific data can guide policy and practice,
including strategies to fund and maintain indoor air quality
improvements.

References

1. Chatterjee P, Kelly S, Qi M, Werner RM. Characteristics and quality of US
nursing homes reporting cases of coronavirus disease 2019 (COVID-19). JAMA
Netw Open. 2020;3:e2016930.

FLA 5.6.0 DTD m JMDA4710_proof m 26 June 2023 m 11:2]1 am M ce

566
567
568
569
570
571

572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599
600
601

602
603
604
605
606
607
608
609
610
611

612
613
614
615
616
617

618
619
620
621

622
623
624
625
626
627
628
629
630



631
632
633
634
635
636
637
638
639
640
641
642
643
644
645
646
647
648
649
650
651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676
677
678
679
680
681
682

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

E. Jutkowitz et al. / JAMDA xxx (2023) 1-6

. Lau-Ng R, Caruso LB, Perls TT. COVID-19 deaths in long-term care facilities: A

critical piece of the pandemic puzzle. ] Am Geriatr Soc. 2020;68:1895—1898.

. Bagchi S, Mak ], Li Q et al. Rates of COVID-19 among residents and staff

members in nursing homes—United States, May 25-November 22, 2020.
MMWR Morb Mortal Wkly Rep. 2021;70:52—55.

. Centers for Medicare & Medicaid Services. COVID-19 nursing home data. US

Department of Health and Human Services, Centers for Medicare & Medicaid
Services. Accessed August 25, 2022. https://data.cms.gov/covid-19/covid-19-
nursing-home-data

. Shen K. Relationship between nursing home COVID-19 outbreaks and staff

neighborhood characteristics. PLoS One. 2022;17:e0267377.

. Gandhi M, Yokoe DS, Havlir DV. Asymptomatic transmission, the Achilles’ Heel

of current strategies to control Covid-19. N Engl ] Med. 2020;382:2158—2160.

. Van Houtven CH, DePasquale N, Coe NB. Essential long-term care workers

commonly hold second jobs and double- or triple-duty caregiving roles. ] Am
Geriatr Soc. 2020;68:1657—1660. https://doi.org/10.1111/jgs.16509.

. Van Beusekom M. US studies offer clues to COVID-19 swift spread, severity.

University of Minnesota. Accessed August 25, 2022. https://www.cidrap.umn.
edu/news-perspective/2020/03/us-studies-offer-clues-covid-19-swift-spread-
severity

. Harris-Kojetin L, Sangupta M, Lendon JP, et al. Long-term care providers and

services users in the United States, 2015—2016: Data from the National Study
of Long-Term Care Providers. Vital Health Stat. 2016;x-xii:1—105.

Lu Y, Jiao Y, Graham DJ, et al. Risk factors for COVID-19 deaths among elderly
nursing home Medicare beneficiaries in the prevaccine period. J Infect Dis.
2022;225:567—577. https://doi.org/10.1093/infdis/jiab515.

Ouslander ]G, Grabowski DC. COVID-19 in nursing homes: Calming the perfect
storm. Special article. ] Am Geriatr Soc. 2020;68:2153—2162. https://doi.org/10.
1111/jgs.16784.

Dooling K, McClung N, Chamberland M, et al. The Advisory Committee on
Immunization Practices’ Interim recommendation for allocating initial supplies
of COVID-19 vaccine—United States, 2020. MMWR Morb Mortal Wkly Rep. 2020;
69:1857—1859.

Gharpure R, Guo A, Bishnoi CK, et al. Early COVID-19 first-dose vaccination
coverage among residents and staff members of skilled nursing facilities
participating in the pharmacy partnership for long-term care program—United
States, December 2020-January 2021. MMWR Morb Mortal Wkly Rep. 2021;70:
178—182.

Kahn R, Holmdahl I, Reddy S, et al. Mathematical modeling to inform vacci-
nation strategies and testing approaches for coronavirus disease 2019 (COVID-
19) in nursing homes. Clin Infect Dis. 2021;74:597—603.

Teran RA, Walblay KA, Shane EL, et al. Postvaccination SARS-CoV-2 infections
among skilled nursing facility residents and staff members—Chicago, Illinois,
December 2020—March 2021. MMWR Morb Mortal Wkly Rep. 2021;70:
632—638. https://doi.org/10.15585/mmwr.mm7017e1.

McGarry BE, Barnett ML, Grabowski DC, Gandhi AD. Nursing home staff
vaccination and Covid-19 outcomes. N Engl ] Med. 2021;386:397—398.
Centers for Disease Control and Prevention. Interim infection prevention and
control recommendations for healthcare personnel during the coronavirus
disease 2019 (COVID-19) pandemic. Accessed August 25, 2022. https://www.
cdc.gov/coronavirus/2019-ncov/hcp/infection-control-recommendations.html?
CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fcoronavirus%2F2019-ncov’%
2Fhcp%2Flong-term-care.html

National Academies. Indoor air management of airborne pathogens: Lessons,
practices, and innovations. Accessed August 25, 2022. https://www.
nationalacademies.org/event/07-21-2022/indoor-air-management-of-airborne-
pathogens-lessons-practices-and-innovations

Dowell D, Lindsley WG, Brooks JT. Reducing SARS-CoV-2 in shared indoor air.
JAMA. 2022;328:141—-142.

Vlachokostas A, Burns CA, Salsbury TI, et al. Experimental evaluation of res-
piratory droplet spread to rooms connected by a central ventilation system.
Indoor Air. 2022;32:e12940.

Rufino de Sousa N, Steponaviciute L, Margerie L, et al. Detection and isolation of
airborne SARS-CoV-2 in a hospital setting. Indoor Air. 2022;32:e13023. https://
doi.org/10.1111/ina.13023.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.
40.

41.

42.

Mousavi ES, Kananizadeh N, Martinello RA, Sherman JD. COVID-19 outbreak
and hospital air quality: A systematic review of evidence on air filtration and
recirculation. Environ Sci Technol. 2021;55:4134—4147.

The New York Times Covid 19 data. Accessed August 25, 2022. https://github.
com/nytimes/covid-19-data

Spangler KR, Liang S, Wellenius GA. Wet-bulb globe temperature, Universal
Thermal Climate Index, and other heat metrics for US counties, 2000—2020. Sci
Data. 2022;9:326.

Bernal JL, Cummins S, Gasparrini A. Interrupted time series regression for the
evaluation of public health interventions: A tutorial. Int J Epidemiol. 2017;46:
348—-355.

Centers for Disease Control and Prevention. Promoting COVID-19 vaccine in
long-term care settings. Accessed October 20, 2022. https://www.cdc.gov/
vaccines/covid-19/long-term-care/pharmacy-partnerships.html

Cumby RE, Huizinga ]. Testing the Autocorrelation Structure of Disturbances in
Ordinary Least Squares and Instrumental Variables Regressions. National Bureau
of Economic Research; 1990. Technical Working Paper No. 92.

Baum CF, Schaffer ME. ACTEST: Stata Module to Perform Cumby-Huizinga General
Test for Autocorrelation in Time Series. Boston College Department of Eco-
nomics; 2013. Statistical Software Components S457668.

Linden A. XTITSA: Stata Module for Performing Interrupted Time-Series Analysis
for Panel Data. Boston College Department of Economics; 2021. Statistical
Software Components S458903.

United States Environmental Protection Agency. Air cleaners, HVAC filters, and
coronavirus (COVID-19). Accessed September 14, 2022. https://www.epa.gov/
coronavirus/air-cleaners-hvac-filters-and-coronavirus-covid-19

Centers for Disease Control and Prevention. Ventilation in buildings. Accessed
September 14, 2022. https://www.cdc.gov/coronavirus/2019-ncov/commu-
nity/ventilation.html

Gettings ], Czarnik M, Morris E, et al. Mask use and ventilation improvements
to reduce COVID-19 incidence in elementary schools—Georgia, November
16—December 11, 2020. MMWR Morb Mortal Wkly Rep. 2021;70:779—784.
https://doi.org/10.15585/mmwr.mm?7021el.

Pampati S, Rasberry CN, McConnell L, et al. Ventilation improvement strategies
among K—12 public schools — The National School COVID-19 Prevention
Study, United States, February 14—March 27, 2022. MMWR Morb Mortal Wkly
Rep. 2022;71:770—775. https://doi.org/10.15585/mmwr.mm?7123e2.

Reddy M, Heidarinejad M, Stephens B, Rubinstein I. Adequate indoor air quality
in nursing homes: An unmet medical need. Sci Total Environ. 2021;765:144273.
https://doi.org/10.1016/j.scitotenv.2020.144273.

Donovan C, Donovan A, Stewart C, McCloskey R. How do residents spend their
time in nursing homes? Canad Nurs Hom. 2014;25:13—17.

Bentayeb M, Norback D, Bednarek M, et al. Indoor air quality, ventilation and
respiratory health in elderly residents living in nursing homes in Europe. Eur
Respir J. 2015;45:1228—1238.

Tebbe H. Evaluation of indoor air quality in four nursing home facilities in
Northwest Ohio. University of Toledo; 2017. Accessed XXX. https://etd.
ohiolink.edu/apexprod/rws_olink/r/1501/10?clear=10&p10_accession_num=to
ledo1493411129998087

US Food and Drug Administration. FDA approves first COVID-19 vaccine.
Accessed  August 23, 2021. https://www.fda.gov/news-events/press-
announcements/fda-approves-first-covid-19-vaccine

Todd B. The U.S. COVID-19 testing failure. Am J Nurs. 2020;120:19—20.

Frazer K, Mitchell L, Stokes D, et al. A rapid systematic review of measures to
protect older people in long-term care facilities from COVID-19. BMJ Open.
2021;11:e047012.

Mandal CC, Panwar MS. Can the summer temperatures reduce COVID-19
cases? Publ Health. 2020;185:72—79. https://doi.org/10.1016/j.puhe.2020.05.
065.

Freed M, Neuman T, Kates J, Cubanski ]. Deaths among older adults due to
COVID-19 jumped during the summer of 2022 before falling somewhat in
September. Kaiser Family Foundation. Accessed October 20, 2022. https://
www.kff.org/coronavirus-covid-19/issue-brief/deaths-among-older-adults-due-
to-covid-19-jumped-during-the-summer-of-2022-before-falling-somewhat-in-
september/

FLA 5.6.0 DTD m JMDA4710_proof m 26 June 2023 m 11:2]1 am M ce

Q2

683
684
685
686
687
688
689
690
691
692
693
694
695
696
697
698
699
700
701
702
703
704
705
706
707
708
709
710
711

712
713
714
715
716
717
718
719
720
721

722
723
724
725
726
727
728
729
730
731

732
733
734


https://data.cms.gov/covid-19/covid-19-nursing-home-data
https://data.cms.gov/covid-19/covid-19-nursing-home-data
https://doi.org/10.1111/jgs.16509
https://www.cidrap.umn.edu/news-perspective/2020/03/us-studies-offer-clues-covid-19-swift-spread-severity
https://www.cidrap.umn.edu/news-perspective/2020/03/us-studies-offer-clues-covid-19-swift-spread-severity
https://www.cidrap.umn.edu/news-perspective/2020/03/us-studies-offer-clues-covid-19-swift-spread-severity
https://doi.org/10.1093/infdis/jiab515
https://doi.org/10.1111/jgs.16784
https://doi.org/10.1111/jgs.16784
https://doi.org/10.15585/mmwr.mm7017e1
https://www.cdc.gov/coronavirus/2019-ncov/hcp/infection-control-recommendations.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fcoronavirus%2F2019-ncov%2Fhcp%2Flong-term-care.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/infection-control-recommendations.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fcoronavirus%2F2019-ncov%2Fhcp%2Flong-term-care.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/infection-control-recommendations.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fcoronavirus%2F2019-ncov%2Fhcp%2Flong-term-care.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/infection-control-recommendations.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fcoronavirus%2F2019-ncov%2Fhcp%2Flong-term-care.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/infection-control-recommendations.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fcoronavirus%2F2019-ncov%2Fhcp%2Flong-term-care.html
https://www.nationalacademies.org/event/07-21-2022/indoor-air-management-of-airborne-pathogens-lessons-practices-and-innovations
https://www.nationalacademies.org/event/07-21-2022/indoor-air-management-of-airborne-pathogens-lessons-practices-and-innovations
https://www.nationalacademies.org/event/07-21-2022/indoor-air-management-of-airborne-pathogens-lessons-practices-and-innovations
https://doi.org/10.1111/ina.13023
https://doi.org/10.1111/ina.13023
https://github.com/nytimes/covid-19-data
https://github.com/nytimes/covid-19-data
https://www.cdc.gov/vaccines/covid-19/long-term-care/pharmacy-partnerships.html
https://www.cdc.gov/vaccines/covid-19/long-term-care/pharmacy-partnerships.html
https://www.epa.gov/coronavirus/air-cleaners-hvac-filters-and-coronavirus-covid-19
https://www.epa.gov/coronavirus/air-cleaners-hvac-filters-and-coronavirus-covid-19
https://www.cdc.gov/coronavirus/2019-ncov/community/ventilation.html
https://www.cdc.gov/coronavirus/2019-ncov/community/ventilation.html
https://doi.org/10.15585/mmwr.mm7021e1
https://doi.org/10.15585/mmwr.mm7123e2
https://doi.org/10.1016/j.scitotenv.2020.144273
https://etd.ohiolink.edu/apexprod/rws_olink/r/1501/10?clear=10&amp;p10_accession_num=toledo1493411129998087
https://etd.ohiolink.edu/apexprod/rws_olink/r/1501/10?clear=10&amp;p10_accession_num=toledo1493411129998087
https://etd.ohiolink.edu/apexprod/rws_olink/r/1501/10?clear=10&amp;p10_accession_num=toledo1493411129998087
https://etd.ohiolink.edu/apexprod/rws_olink/r/1501/10?clear=10&amp;p10_accession_num=toledo1493411129998087
https://etd.ohiolink.edu/apexprod/rws_olink/r/1501/10?clear=10&amp;p10_accession_num=toledo1493411129998087
https://www.fda.gov/news-events/press-announcements/fda-approves-first-covid-19-vaccine
https://www.fda.gov/news-events/press-announcements/fda-approves-first-covid-19-vaccine
https://doi.org/10.1016/j.puhe.2020.05.065
https://doi.org/10.1016/j.puhe.2020.05.065
https://www.kff.org/coronavirus-covid-19/issue-brief/deaths-among-older-adults-due-to-covid-19-jumped-during-the-summer-of-2022-before-falling-somewhat-in-september/
https://www.kff.org/coronavirus-covid-19/issue-brief/deaths-among-older-adults-due-to-covid-19-jumped-during-the-summer-of-2022-before-falling-somewhat-in-september/
https://www.kff.org/coronavirus-covid-19/issue-brief/deaths-among-older-adults-due-to-covid-19-jumped-during-the-summer-of-2022-before-falling-somewhat-in-september/
https://www.kff.org/coronavirus-covid-19/issue-brief/deaths-among-older-adults-due-to-covid-19-jumped-during-the-summer-of-2022-before-falling-somewhat-in-september/

	The Benefits of Nursing Home Air Purification on COVID-19 Outcomes: A Natural Experiment
	Methods
	Study Data and Setting
	COVID-19–Related Outcomes
	Covariates and Contextual Variables
	Statistical Analysis

	Results
	Discussion
	Limitations and Strengths

	Conclusions and Implications
	References


