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Objectives: Green House and other small nursing home (NH) models are considered “nontraditional” due to
their size (10e12 beds), universal caregivers, and other home-like features. They have garnered great interest
regarding their potential benefit to limit Coronavirus Disease 2019 (COVID-19) infections due to fewer people
living, working, visiting, and being admitted to Green House/small NHs, and private rooms and bathrooms,
but this assumption has not been tested. If they prove advantageous compared with other NHs, they may
constitute an especially promising model as policy makers and providers reinvent NHs post-COVID.
Design: This cohort study compared rates of COVID-19 infections, COVID-19 admissions/readmissions,
and COVID-19 mortality, among Green House/small NHs with rates in other NHs between January 20,
2020 and July 31, 2020.
Setting and Participants: All Green House homes that held a skilled nursing license and received Medicaid
or Medicare payment were invited to participate; other small NHs that replicate Green House physical
design and operational practices were eligible if they had the same licensure and payer sources. Of 57
organizations, 43 (75%) provided complete data, which included 219 NHs. Comparison NHs (referred to
as “traditional NHs”) were up to 5 most geographically proximate NHs within 100 miles that had <50
beds and �50 beds for which data were available from the Centers for Medicare and Medicaid Services
(CMS). Because Department of Veterans Affairs organizations are not required to report to CMS, they
were not included.
Methods: Rates per 1000 resident days were derived for COVID-19 cases and admissions, and per 100
COVID-19 positive cases for mortality. A log-rank test compared rates between Green House/small NHs
and traditional NHs with <50 beds and �50 beds.
Results: Rates of all outcomes were significantly lower in Green House/small NHs than in traditional NHs that
had <50 beds and �50 beds (log-rank test P < .025 for all comparisons). The median (middle value) rates of
COVID-19 cases per 1000 resident days were 0 in both Green House/small NHs and NHs<50 beds, while they
were 0.06 in NHs�50 beds; in terms of COVID-19mortality, the median rates per 100 positive residents were
0 (Green House/small NHs), 10 (<50 beds), and 12.5 (�50 beds). Differences were most marked in the
highest quartile: 25% of Green House/small NHs had COVID-19 case rates per 1000 resident days higher than
0.08, with the corresponding figures for other NHs being 0.15 (<50 beds) and 0.74 (�50 beds).
Conclusions and Implications: COVID-19 incidence and mortality rates are less in Green House/small NHs
than rates in traditional NHs with <50 and �50 beds, especially among the higher and extreme values.
Green House/small NHs are a promising model of care as NHs are reinvented post-COVID.
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Since the onset of the Severe Acute Respiratory Syndrome Coro-
navirus 2 pandemic (COVID-19) in the United States, long-term care
rsesidents have represented a disproportionate share of cases and
deaths. As of January 8, 2021, 6% of COVID-19 cases, and 38% of COVID-
19 deaths, have been attributed to long-term care.1 These rates reflect
the medical conditions of this population that put them at risk, as well
as the congregate nature of long-term care that increases the spread of
infection.2

Short-term remedies related to the congregate nature of long-term
care include using personal protective equipment, restricting visitors,
and instituting screening.3 Longer-term remedies may ward off
threats when the next pandemic arises, centered on nursing home
(NH) quality,4 staffing,5 and physical design.6,7 Presumably, smaller
NHs reduce risk because there are fewer residents (including new
admissions), staff, and visitors who may spread infection.

Nontraditional small house NHs have garnered great interest in the
wake of COVID-19.8 The most well-known model of this type, the
Green House model, has 300 NHs across 32 states.9 Components of
Green House homes that may be critical for infection prevention and
control are that they house only 10 to 12 residents, and have consis-
tent and universal staff assignment (thereby limiting ancillary staff),
private rooms and bathrooms, smaller overall space, and a central
entry. Research on Green House NHs has found their benefits include
better resident quality of life, fewer hospital readmissions, better
quality indicators, reduced Medicare spending, and perhaps less staff
turnover.10

Given the potentially advantageous components of Green House/
small NHs for infection prevention and control, this project collected
data related to the number of COVID-19 cases and deaths among
residents in Green House/small NHs, and examined them in com-
parison to larger NHs (<50 beds and �50 beds). Both categorizations
“<50 beds” and “�50 beds” omitted Green House/small NHs, and so
refer to traditional model NHs. It also compared rates of COVID-19
admissions/readmissions. Data specific to COVID-19 in Green House/
small NHs are not publicly available and have not been previously
analyzed, meaning results provide novel findings and implications.

Methods

Sample

All operating Green House homes that held a skilled nursing
license and received Medicaid or Medicare payment were invited to
participate, as was one additional small house organization (with 10
NHs) that may be joining the Green House network because its
operation mirrors that of Green House homes. Given that COVID-19
rates vary by location and relate to community prevalence,5 analyses
compared rates of Green House/small NHs to other NHs that were
selected through matching each Green House/small NH to up to the 5
nearest traditional NHs in the Centers for Medicare and Medicaid
Services (CMS) database with <50 beds and with �50 beds and that
were located within 100 miles. Because some Green House and other
small NHs are colocated/colicensed with a larger NH, all such orga-
nizations were omitted from the CMS data. Distances for matching
were calculated based on latitude and longitude information obtained
from the “geosphere” package available in R.

Data

Green House/small NH administrators were asked to provide data
related to their census (occupied beds), number of residents with
incident COVID-19 (new laboratory positive COVID-19 cases), COVID-19
admissions/readmissions (persons admitted or readmitted who were
previously hospitalized for COVID-19), and resident deaths from COVID-
19 (suspected or laboratory positive who died in the NH or another
location), from January 20, 2020 to July 31, 2020; datawere reported for
each week after May 31, 2020, and reported in aggregate for a single
large period before that date. Data for other (traditional) NHs were
obtained for the same time period from the online CMS COVID-19
Nursing Home DataSet11; they were reported weekly after an initial
period where data were aggregated throughMay 24, 2020. Notably, the
data items obtained from the Green House/small NH homes were
worded exactly as the CMS data.
Analyses

COVID-19 cases and admission/readmission rates were calculated
per 1000 resident days, and COVID-19 mortality was calculated as per
100 COVID-19 cases. Specifically, for each NH, COVID-19 case counts
during the study period were summed over the reporting periods
(usually weeks), and case rates were then calculated by dividing total
case counts by days of exposure (ie, resident days ¼ sum over
reporting periods of occupied beds timess the number of days in the
reporting period) and multiplying by 1000. COVID-19 admission/
readmission rates were calculated in the same manner. The COVID-19
mortality rate per 100 COVID-19epositive cases was calculated by
dividing the sum of COVID-19 death counts by the sum of COVID-19
confirmed cases and multiplying by 100. For each COVID-19
outcome, a log-rank test, which is a nonparametric test that empha-
sizes detection of group differences among higher values, was applied
to compare rates among the 3 NH types. Multiple comparisons be-
tween 2 groups (Green House/small NHs vs traditional NHs<50 beds;
Green House/small NHs vs traditional NHs �50 beds) were subse-
quently performed using log-rank tests if the omnibus test was sta-
tistically significant at P < .05. Statistical significance for the pairwise
comparisons was set at P < .025, per Bonferroni adjustment. Analyses
were conducted in R version 4.0.
Results

Of 57 eligible Green House/small NH organizations, 43 organiza-
tions (75%) across 20 states, representing 219 NHs, provided complete
data for analyses. Comparison data were available for 177 traditional
NHs <50 beds, and 215 traditional NHs �50 beds (Table 1).

As shown in Table 2, the median (middle value) rate of COVID-19
cases and COVID-19 admissions/readmissions per 1000 resident
days is 0 in all NHs except in one instance. The only figure higher than
0 is COVID-19 cases per 1000 resident days for NHs �50 beds (0.06),
meaning that half of NHs �50 beds had 6 or more COVID-19 cases for
every 100,000 resident days. For NHs �50 beds, the median rate can
also be expressed as 2.19 (¼ 0.06 � 365/10) cases per 100 resident
years (eg, 100 residents each followed for 1 year) which exceeds the
median rate of 0 for GH/small NHs and NHs <50 beds. In terms of
COVID-19 mortality, the median rates per 100 COVID-positive resi-
dents are 0 (GH/small NHs), 10 (<50 beds), and 12.5 (�50 beds).

In light of the low rates overall, it is useful to look at rate sum-
maries other than averages, specifically, rates at the 75th and 90th
percentiles. In all comparisons, rates for Green House/small NHs are
lower, with differences most marked in the higher and extreme
values. For example, traditional NHs <50 beds and �50 beds have
approximately twice and 9 times the 75th percentile rates of COVID-
19 cases, respectively, than in Green House/small NHs, with
omnibus log-rank test P < .001. Multiplying the figures in 2 by 36.5 (¼
365/10), the corresponding 75th percentile figures translated into
rates per 100 resident years are 2.92, 5.48, and 27.0, respectively,



Table 1
Numbers of Green House/Small NH Organizations (and NHs) by State, and Com-
parison NHs Within 100 Miles, by Bed Size

States (N ¼ 20) Number of Green House/Small NH
Organizations (Number of NHs)*

Nearest 5
Comparison NHs to
Each Organization
(Within 100 Miles)y

<50 Beds �50 Beds

AL 1 (9) 2 5
AR 4 (33) 0z 20
CO 3 (12) 15 15
Fl 1 (12) 5 5
IL 1 (1) 5 5
KS 2 (8) 10 10
KY 1 (2) 5 5
MI 2 (4) 10 10
MN 1 (6) 5 5
MO 2 (8) 10 10
MS 1 (6) 4 5
NY 4 (29) 17 20
OH 12 (51) 59 60
PA 1 (6) 5 5
RI 1 (4) 5 5
TN 2 (12) 6 10
TX 1 (2) 2 5
VA 1 (8) 5 5
WI 1 (2) 5 5
WY 1 (4) 2 5
Total 43 (219) 177x 215jj

*All NHs within an organization share the same address. Small house NHs are
typically clustered into organizations that also include the original founding NH
(referred to as the “legacy” NH); together, these NHs hold a single license. All such
organizations were omitted from the comparison NHs.

yData from CMS, excluding Green House/small NH organizations.
zAll nursing homes in Arkansas (AR) have � 50 beds.
xMean size 36 beds (SD 9, range 12e49); mean distance to Green House/small NH

organization 26.27 miles (SD 24.71, range 0.66e99.40).
jjMean size 118 beds (SD 68, range 50e566); mean distance to Green House/

small NH organization 8.05 miles (SD 11.67, range 0.17e72.84).
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meaning that one-quarter of NHs of each type had rates higher than
these.

Figure 1 graphically displays the significantly lower rates of COVID-
19 cases, COVID-19 admissions, and COVID-19 mortality in Green
House/small NHs. The black line within the box indicates the median
rate, the top of the box indicates the 75th percentile of rates, the line
above the box indicates the majority of rates (the third quartile plus
1.5 � the interquartile range), and the asterisks indicate extreme
Table 2
Comparison of COVID-19 Rates Between Green House/Small NHs and Nearest 5 Compari

Indicators Green House/Small NH
Organization (n ¼ 43)y

Median
75th Percentile
90th Percentile

Nearest 5 Comparison NHs*

NHs with <50 Beds
(n ¼ 177)
Median
75th Percentile
90th Percentile

NHs with
(n ¼ 215)
Median
75th Perc
90th Perc

COVID-19 cases per
1000 resident days

0
0.08
0.30

0
0.15
1.61

0.06
0.74
2.10

COVID-19 admissions/
readmissions per
1000 resident days

0
0

<0.01

0
0.13
0.74

0
0.11
0.49

COVID-19 mortality per
100 positive casesx

0
<0.01
24.3

10.0
50.0
80.5

12.5
30.0
53.3

*Data from CMS, excluding Green House/small NH organizations.
ySmall house NHs are typically clustered into organizations which also include the orig

license. All such organizations were omitted from the comparison NHs.
zP value calculated using log-rank test.
xNumber of suspected or laboratory positive resident deaths from COVID-19 divided
values. In addition to demonstrating that even outlier rates for Green
House/small NHs are markedly lower than those in other NHs, it ap-
pears that NHs <50 beds have generally lower COVID-19 case rates
than NHs �50 beds, but such is not the case in relation to COVID-19
mortality rates or admissions.

Discussion

NH quality has been criticized for decades, and concern has
increased markedly following the ravages of COVID-19. Stakeholders
agree we must capitalize on the opportunity offered by COVID-19 to
transform our system of long-term care, but the path to necessary
changes (financing, accountability, workforce, regulation12) suggest
an arduous and contentious road. Green House/small NHs, which
already are widely in favor, may constitute a promising future. Their
model already exists, and in addition to being advantageous in rela-
tion to COVID-19, they benefit resident quality of life, improve satis-
faction, reduce hospital readmissions and Medicare spending, and
result in better quality indicators.10,13

The median incidence of COVID-19 cases in Green House/small
NHs was significantly less than that in NHs �50 beds: 0 versus 2.19
cases per 100 resident years (eg, 100 residents each followed for
1 year). Given the low rates overall, differences were even more
notable among the higher and extreme values: while only one-quarter
of Green House/small NHs had rates per 100 resident years higher
than 2.92, the corresponding rates for traditional NHs <50 beds and
�50 beds, respectively, were 5.48 and 27.0. Although small size is
known to limit the proportion of COVID-19 cases,6 Green House/small
NHs are beneficial above and beyond the mere benefit of size, perhaps
due to their private bedrooms and bathrooms, limited ancillary staff,
and fewer admissions; in fact, traditional NHs <50 beds were not as
advantaged in terms of COVID-19 admissions as were Green House/
small NHs.

In terms of COVID-19 mortality, the median rates per 100 COVID-
positive residents were 0 (Green House/small NHs), 10 (<50 beds),
and 12.5 (�50 beds); thus, the benefit of Green House/small NHs re-
mains in terms of mortality. In this regard, the potential advantage of
small size may be to psychosocial well-being. Families may be more
able to have socially distanced outdoor visits, and having consistent,
universal staff may allow for the maintenance of social relationships.
Notably, residents in Green House homes receive significantly more
hours per day of care from certified nursing assistants than do resi-
dents in traditional nursing homes.14 Others have reported that visitor
son NHs, by NH Size

�50 Beds

entile
entile

P valuez

Omnibus Test
(3 Groups)

Green House/Small NH
Organizations
Compared with
Traditional NHs with
<50 Beds

Green House/Small NH
Organizations
Compared with
Traditional NHs with
�50 Beds

<.001 .014 <.001

<.001 <.001 <.001

.016 .007 .007

inal founding NH (referred to as the “legacy” NH); together, these NHs hold a single

by number of laboratory positive resident cases of COVID-19 times 100.
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Fig. 1. Rates of COVID-19 cases, admissions, and mortality in Green House/small NHs (n ¼ 43), traditional NHs with <50 beds (n ¼ 177), and traditional NHs with �50 beds
(n ¼ 215). Each box represents rates between the 25th and 75th percentiles; the line within the box indicates the median. The line above the box indicates the majority of ob-
servations (up to the value representing the third quartile plus 1.5 times the interquartile range); asterisks indicate outliers. Data are presented on the log scale. One outlier among
homes with �50 beds had an admissions rate of more than 50 per 1000 resident days and is not shown. GH, Green House.
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restrictions increase loneliness, depression, physical deterioration,
and cognitive decline,15 and so Green House/small NHsmay convey an
important psychosocial advantage. However, NHs <50 beds were not
advantaged in the higher and extreme values comparedwith NHs�50
beds (their mortality rates at 75% and 90% percentile were markedly
higher), which may speak to other critical differences.

Differences exist between Green House/small NHs and other NHs
that are less clearly related to infection prevention and psychosocial
well-being, and which may in part relate to COVID-19 differences.
One such driver may be for-profit status, which has repeatedly been
found to relate to lower NH quality. Green House NHs are much less
likely to be for-profit than are NHs across the country (18% compared
with 69%),16e18 and tend to pay their certified nursing assistants
more than do other NH14 (which may result in fewer staff working in
more than one job). In addition, resident case-mix differs between
Green House and other NHs which may partly explain COVID-19
differences, including that they have fewer African American resi-
dents who are at higher mortality risk, and fewer residents who are
bedfast and catheterized.19e21 Such differences would be most
consequential in terms of explaining differences in COVID-19 mor-
tality rates.

Clearly, more research is needed on the model of Green House/
small NHs, including consideration of components that could not be
adjusted in analyses. Other limitations are that the accuracy of the
CMS data cannot be affirmed, and analyses used data only through
July 31, 2020. The decision to not extend analyses beyond that date
was in part based on the fact that some Green House/small NHs
and other NHs were changing their models of care such as
becoming COVID-19eonly NHs, which would have affected the re-
sults and their interpretation. On the other hand, the use of
nonparametric descriptive and testing methods depended only on
the rank order of the combined samples and so results are robust to
extreme rates.

Green House NHs were established in 2003 and have been repli-
cated across the country and widely researched (compared with other
small NHs), largely with funding from The Robert Wood Johnson
Foundation.22 AARP recently highlighted this model as an option to
transform long-term care, while noting that its adoption has been
limited, in part due to financing, regulatory, and workforce chal-
lenges.17 Hope may be on the horizon, however, given universal
recognition that beyond the pandemic, we must transform how our
nation provides and finances long-term care.23
Conclusions and Implications

COVID-19 incidence and mortality rates are less in Green House/
small NHs than rates in traditional NHs with <50 and �50 beds,
especially among the higher and extreme values. More than half of
Americans who survive to age 65 will require long-term care,24 yet
most would rather die than live in an NH.25 Nontraditional Green
House/small NHs have better outcomes than traditional NHs in
numerous areas; evidence now demonstrates they have lower rates of
COVID-19 and COVID-19 mortality than other NHs as well. As such,
they are an especially promising model as NHs are reinvented post-
COVID.
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