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BACKGROUND/OBJECTIVES: Infection screening tools
classically define fever as 38.0�C (100.4�F). Frail older
adults may not mount the same febrile response to systemic
infection as younger or healthier individuals. We evaluate
temperature trends among nursing home (NH) residents
undergoing diagnostic SARS-CoV-2 testing and describe the
diagnostic accuracy of temperature measurements for
predicting test-confirmed SARS-CoV-2 infection.
DESIGN: Retrospective cohort study evaluating diagnostic
accuracy of pre–SARS-CoV-2 testing temperature changes.
SETTING: Two separate NH cohorts tested diagnostically
(e.g., for symptoms) for SARS-CoV-2.
PARTICIPANTS
Veterans residing in Veterans Affairs (VA) managed NHs
and residents in a private national chain of
community NHs.
MEASUREMENTS: For both cohorts, we determined the
sensitivity, specificity, and Youden’s index with different
temperature cutoffs for SARS-CoV-2 polymerase chain
reaction results.
RESULTS: The VA cohort consisted of 1,301 residents in
134 facilities from March 1, 2020, to May 14, 2020, with
25% confirmed for SARS-CoV-2. The community cohort

included 3,368 residents spread across 282 facilities from
February 18, 2020, to June 9, 2020, and 42% were con-
firmed for SARS-CoV-2. The VA cohort was younger, less
White, and mostly male. A temperature testing threshold of
37.2�C has better sensitivity for SARS-CoV-2, 76% and
34% in the VA and community NH, respectively, versus
38.0�C with 43% and 12% sensitivity, respectively.
CONCLUSION: A definition of 38.0�C for fever in NH
screening tools should be lowered to improve predictive
accuracy for SARS-CoV-2 infection. Stakeholders should
carefully consider the impact of adopting lower testing
thresholds on testing availability, cost, and burden on staff
and residents. Temperatures alone have relatively low sensi-
tivity/specificity, and we advocate any threshold be used as
part of a screening tool, along with other signs and symp-
toms of infection. J Am Geriatr Soc 68:2716-2720, 2020.
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Nursing home (NH) residents with SARS-CoV-2 infec-
tion have the highest mortality rates from the

COVID-19 global pandemic. NH residents account for an
estimated 45% of all COVID-related deaths in the United
States and make up only .6% of the total U.S. population.1

Early identification of SARS-CoV-2 by symptomatic screen-
ing of staff and residents is critical. The Centers for Disease
Control and Prevention (CDC) recommends temperature
and symptom-based screening for COVID-19 on admission
and at least daily for all residents.2 Fever is a common
symptom of SARS-CoV-2 infection, but definitions for
febrile illness lack precision and are not widely accepted.3-5

One definition of fever is a temperature above 100.0�F or
possibly two above 99.0�F. Previous screening tools have
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used 38.0�C and higher.6,7 However, frail older adults may
be unable to mount the same temperature response to sys-
temic infection as young healthy individuals. A so-called
normal baseline temperature for NH residents is not well
described nor is an age-specific definition of fever. A previ-
ous report by our research team highlighted the poor sensi-
tivity of 38.0�C for identifying SARS-CoV-2 infection in a
cohort of U.S. veterans undergoing facility-wide testing.8 In
this report we expand those findings with two separate NH
populations: (1) a cohort of veterans residing in Veterans
Affairs (VA) NHs, and (2) a cohort of community NH resi-
dents from a large private multistate nursing home chain.
We describe the diagnostic accuracy of temperature cutoffs
and hypothesized that the traditional cutoff of 38.0�C
(100.4�F) has poor sensitivity for screening SARS-CoV-2
positive cases.

METHODS

This was a retrospective cohort study using clinical elec-
tronic health record (EHR) data from two separate cohorts.
The first cohort included U.S. veterans receiving long-term
care within the VA system at 134 NHs, also known as
community-living centers, nationwide. The second cohort
included residents of 369 private community NHs owned
by a large multistate provider of post-acute and long-term
care. The research team had access to detailed EHR data
for both cohorts. The VA cohort relied on EHR data from
March 1 to May 14, 2020; the community cohort included
data from February 18, 2020, through June 9, 2020. We
excluded residents not tested, those tested before NH
admission, as part of sweep testing, or those missing tem-
perature readings.

During this pandemic period, in both cohorts tempera-
ture was documented at least daily by nursing staff. For
those with multiple temperature readings per day, we evalu-
ated the daily maximum temperature (T-max).

To assess the diagnostic performance of different tem-
perature cutoffs, we computed the sensitivity (“true posi-
tives”), specificity (“true negatives”), Youden’s index
([sensitivity + specificity] − 1), positive predictive value,
negative predictive value, area under the receiver operating
characteristic curve (AUROC), and 95% confidence inter-
vals. Youden’s index for a given cutoff can be used to bal-
ance sensitivity/specificity and corresponds to the point on
an ROC curve with most vertical distance from the
45-degree diagonal line (an uninformative AUROC of .5).9

We evaluated temperatures from 36.5�C to 38.3�C and
reported the diagnostic accuracy for temperature cutoffs of
37.2�C, 37.5�C, 38.0�C, and the temperature cutoff that
maximized the Youden statistic.

RESULTS

A Consolidated Standards of Reporting Trials diagram in
Supplementary Figure S1 shows the inclusion and exclusion
allocation for our study sample. The VA NH cohort
included 1,301 residents in 140 facilities from March
1, 2020, to May 14, 2020, with 25% positive for SARS-
CoV-2. After excluding the untested, those tested without
symptoms of disease, and missing temperature readings, the
community nursing home (CNH) cohort included 3,368

residents spread across 282 facilities from February
18, 2020, to June 9, 2020, with 42% positive for SARS-
CoV-2.

The VA cohort was mostly male and, compared with
the community cohort, was younger, with a larger propor-
tion of Black residents (Table 1). Both cohorts had similar
baseline temperatures (36.8�C and 36.9�C, respectively)
before testing. In both cohorts, residents confirmed to have
SARS-CoV-2 were more likely to be Black, had higher rates
of dementia, and higher recorded temperatures. In the VA
cohort, more had congestive heart failure (23.6% vs
36.2%) than residents testing negative. In the CNH cohort,
residents had more hypertension diagnoses, 81.4% versus
78.2%. Only about 20% of CNH patients had a
24-hour T-max of at least 38.0�C before testing, whereas
45% of VA residents did.

Figure 1 shows the percentage of residents exceeding a
given maximum temperature relative to the date of testing
in both cohorts. Of 3,314 residents who were tested in
CNHs, 971 (29%) had a temperature of 37.2�C or higher
reported in the 24 hours preceding testing. Of the 1,301 res-
idents in the VA NHs, 535 (42%) had a temperature of
37.5�C or higher reported in the 24 hours before testing.
Neither cohort’s SARS-CoV-2 positive residents had an
average T-max above 38.0�C in this period. Figure 2 pre-
sents the ability for discrete temperature changes to discrim-
inate results that confirmed positive or rejected negative
SARS-CoV-2 infection. Overall temperature measurements
had more diagnostic value in VA NHs versus CNHs. The
cutoff that maximizes sensitivity and specificity (highest
Youden’s statistic) was 37.3�C (99.5�F) in the VA cohort
and 37.1�C (99.0�F) in the CNHs. A cutoff of 38.0�C per-
forms poorly. Using the CDC recommendation of two tem-
peratures above 37.2�C/99.0�F reduces the sensitivity/
specificity (Youden’s index) versus a single 37.2�C measure-
ment, .71/.61 (.32) for VA residents and .21/.90 (.11) for
CNH residents. ROC curves are also given in Supplemen-
tary Figure S2.

DISCUSSION

This report describes temperature changes before testing for
SARS-CoV-2 in symptomatic NH residents. Overall, we
find that classic definitions of fever (38.0�C [100.4�F]) lack
sensitivity and are insufficient to trigger SARS-CoV-2 test-
ing for most NH residents who have SARS-CoV-2 infec-
tion. A temperature threshold for triggering SARS-CoV-2
testing appears optimal at approximately 37.2�C in terms
of balancing sensitivity and specificity but with low overall
accuracy.

Youden’s statistic represents the overall diagnostic
accuracy of a given cutoff and is the point on the line of an
ROC curve furthest from chance (i.e., AUROC of .5). Over-
all, this statistic is highest at cutoffs of 37.1�C and 37.3�C
for community and VA homes, respectively, but overall
accuracy is modest at .19 to .31. A value of 1 would be a
perfectly accurate test, and 0 would be no better than ran-
dom chance.

Frail older adults may not mount febrile responses to
infection. Even assuming 37.0�C/98.6�F as a normal base-
line temperature may not be appropriate.10 However, clini-
cal providers confronted with subclinical temperature
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elevations do not have sufficient evidence to ground their
clinical decision-making. Based on the accrued evidence, we
recommend that NH screening tools used to aid in testing
for SARS-CoV-2 lower the threshold for febrile illness defi-
nition from 38.0�C (100.4�F) to at least 37.5�C (99.5�F), if
not 37.2�C (99.0�F). We favor 37.2�C, as a simple rule of
thumb for those using the Fahrenheit system (rounds to
99.0�F). Without any other clinical information, this sub-
stantially improves the sensitivity for a positive SARS-
CoV-2 result.

Each institution should carefully consider whether to
use 37.2�C or some other cutoff. A more sensitive threshold

(e.g., 37.2�C) may be favored by providers’ recognition that
identifying early cases could indicate outbreaks and thus
may favor strategies to facilitate more testing. At the same
time, more testing could limit availability of tests and be
costly. Also, if residents are isolated/quarantined while
waiting for results, this could further burden staff, residents,
and family during a stressful time. The community preva-
lence of SARS-CoV-2 should also be considered. If commu-
nity prevalence is low, and so pretest probability of
SARS-CoV-2 is low, a lower temperature threshold will
lead to more testing with little benefit. However, when com-
munity prevalence is high or there is an ongoing outbreak in
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Figure 1. Percentage of residents meeting different temperature thresholds relative to SARS-CoV-2 testing. Day 0 is the date of
SARS-CoV-2 test. T-max, maximum temperature in Celsius observed in a 24-hour period. Top panel shows community nursing
homes; bottom panel shows Veterans Affairs nursing homes.

Table 1. Demographic and Clinical Characteristics of SARS-CoV-2 Tested Residents

Veteran affairs nursing homes Community nursing homes

SARS-CoV-2 (+),
n = 330

SARS-CoV-2 (−),
n = 971 P value

SARS-CoV-2 (+),
n = 1,239a

SARS-CoV-2 (−),
N = 1,657a P value

Variable
Age, y, mean (SD) 75.0 (10.4) 73.5 (10.8) .02 79.1 � 10.8 76 � 12.6 <.01
Female, No. (%) <10 (−) 38 (3.9) .10 776 (62.6) 1,040 (62.8) .92
White, No. (%) 207 (62.7) 698 (71.9) <.01 985 (79.5) 1,343 (81.1) .20
Black, No. (%) 98 (29.7) 209 (21.5) <.01 189 (15.3) 194 (11.7) <.01
Diabetes mellitus, No. (%) 133 (40.3) 433 (44.6) .20 498 (40.2) 675 (40.7) .70
Hypertension, No. (%) 253 (76.7) 723 (74.5) .47 1,009 (81.4) 1,295 (78.2) .05
CHF, No. (%) 78 (23.6) 351 (36.2) <.01 329 (26.6) 447 (27.0) .76
ADRD, No. (%) 236 (71.5) 544 (56.0) <.01 658 (53.1) 795 (48.0) <.01
Baseline temperature, mean (SD) 36.9 (.30) 36.8 (.31) <.01 36.8 � .19 36.8 � .18 .48
24 h before test

T-max, mean (SD) 37.9 (.82) 37.4 (.80) <.01 37.3 � .67 37.0 � .55 <.01
T-max, ≥38.0 149 (45.4%) 225 (23.7%) <.01 252 (20.3) 160 (9.7) <.01
Two 37.2�C/99�F temperatures 233 (70.6%) 379 (39.0%) <.01 185 (14.9) 107 (6.5) <.01

Abbreviations: ADRD, Alzheimer’s disease and related dementia; baseline temperature, mean maximum daily temperature up to 14 days before date of test;
CHF, congestive heart failure; SARS-CoV-2, result from polymerase chain reaction test; SD, standard deviation; T-max, maximum temperature in 24 hours
before test.
aOf the 3,368, 2,896 had complete covariate information.
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an NH, a lower threshold of 37.2�C could be a useful part of
screening, increasing the ability to diagnose cases early.

Our findings are supported by the analysis of two sepa-
rate NH populations. Both cohorts were constructed and
analyzed separately, using different definitions of diagnostic
testing, data collection methods, and analytical program-
mers. In the case of the CNHs, the method of temperature
measurement was highly variable by facility, and prior
research has demonstrated that different body sites yield
inconsistent measures of core body temperature. Each cohort
came to slightly different conclusions on the best cutoff to
use (37.1�C vs 37.3�C). Also, in the VA cohort, temperature
was overall a more sensitive/specific indicator for infection.
This may be due to differences in age or sex; the VA cohort
was younger and male. The VA NHs consistently use oral
thermometers versus CNHs that use varying methods. A sec-
ond limitation (or strength) was that the definition of “diag-
nostic” testing varied by cohort. In CNH this included tested
within 2 days of a new-onset symptom (e.g., cough). The VA
NHs did not have a regular screening tool used in this
period, and so tests performed sporadically (not part of a
facility-wide sweep) were assumed to be for “symptom.”

The challenge facing NHs in the United States and
internationally is unprecedented. Researchers and clinician
partners can help limit the burden of the COVID-19 pan-
demic through effective infection control and rapid identifi-
cation of cases. Our work supports this effort by
challenging the use of classical definitions of fever and pro-
viding real-world evidence of the clinical utility of a lower

threshold of 37.2�C (99.0�F) in an NH population. We
urge infectious diseases clinicians and front-line providers
to consider the impact of aging and frailty on immune
response and highlight the need for population-specific rec-
ommendations when evaluating febrile illness.

In conclusion, this study consisted of two national
cohorts of NH residents tested for SARS-CoV-2. We
described the relative inability of this population to mount
a fever of 38.0�C and demonstrated a lower threshold of
37.2�C improves sensitivity, but temperatures are poor
diagnostic tools on their own. We recommend NHs con-
sider that screening tools that incorporate temperature
lower their test-triggering thresholds from 38.0�C.

ACKNOWLEDGMENTS

We acknowledge and appreciate Rich Castor and Cliff
Boyd at Genesis HealthCare, Jeff Hiris at Brown University,
and Frank DeVone at the VA for their efforts in extracting
the electronic health data used for this study.

Financial Disclosure: This work was supported by the
National Institute on Aging (Grant No. 3P01AG027296-11S1;
principal investigator [PI] Vincent Mor) and VA Health Ser-
vices Research and Development (Grant No. C19-20-213; PI
James Rudolph) from the U.S. Department of Veterans Affairs
Health Services R&D Service.

Conflict of Interest: Kevin W. McConeghy reports
grants from Sanofi Pasteur and Pfizer outside of the submit-
ted work. Elizabeth White reports support from the

Diagnostic Sensitivity Specificity Youden

0.00

0.25

0.50

0.75

1.00

36.0 36.5 37.0 37.5 38.0

Body Temperature (Celsius)

VA

0.00

0.25

0.50

0.75

1.00

36.0 36.5 37.0 37.5 38.0

Body Temperature (Celsius)

CNH

Cutoff

37.2

Se

37.5

Sp

38.0

Y

37.3

PPV

.76
(.73, .78)

NPV

.65
(.62, .67)

AUC

.43
(.40, .46)

.72
(.69, .74)

.55
(.53, .57)

.65
(.64, .67)

.75
(.73, .76)

.59
(.58, .61)

.31
(.27, .35)

.30
(.26, .34)

.18
(.13, .22)

.31
(.27, .35)

.40
(.38, .42)

.42
(.40, .44)

.40
(.37, .42)

.41
(.39, .43)

.85
(.84, .87)

.83
(.81, .84)

.77
(.76, .78)

.84
(.83, .86)

.62
(.61, .64)

.62
(.61, .64)

.58
(.57, .60)

.63
(.61, .64)

Cutoff

37.2

Se

37.5

Sp

38.0

Y

37.1

PPV

.34
(.31, .36)

NPV

.24
(.22, .27)

AUC

.12
(.11, .14)

.42
(.39, .45)

.83
(.81, .85)

.89
(.87, .90)

.94
(.93, .95)

.77
(.75, .79)

.17
(.13, .21)

.13
(.09, .17)

.07
(.04, .09)

.19
(.14, .23)

.60
(.56, .63)

.62
(.57, .66)

.61
(.55, .67)

.57
(.54, .60)

.63
(.61, .65)

.61
(.59, .63)

.59
(.57, .61)

.64
(.62, .66)

.58
(.57, .60)

.57
(.55, .58)

.53
(.52, .54)

.59
(.58, .61)

Figure 2. Diagnostic accuracy of different temperature cutoffs. The diagnostic accuracy of temperature cutoffs in the 24 hours preced-
ing the SARS-CoV-2 test in community nursing homes (CNHs) and VA NHs. Values are reported with 95% confidence intervals.
AUROC, area under the receiver operating characteristic curve; NPV, negative predictive value; PPV, positive predictive value; Se, Sen-
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[Color figure can be viewed at wileyonlinelibrary.com]
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