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Background: Coronavirus disease 2019 (COVID-19) and heat-related illness are systemic febrile diseases.
These illnesses must be differentiated during a COVID-19 pandemic in summer. However, no studies
have compared and distinguished heat-related illness and COVID-19. We compared data from patients
with early heat-related illness and those with COVID-19.

Methods: This retrospective observational study included 90 patients with early heat-related illness se-
lected from the Heatstroke STUDY 2017-2019 (nationwide registries of heat-related illness in Japan) and
86 patients with laboratory-confirmed COVID-19 who had fever or fatigue and were admitted to one of
two hospitals in Tokyo, Japan.

Results: Among vital signs, systolic blood pressure (119 vs. 125 mm Hg, p = 0.02), oxygen saturation
(98% vs. 97%, p < 0.001), and body temperature (36.6°C vs. 37.6°C, p<0.001) showed significant
between-group differences in the heatstroke and COVID-19 groups, respectively. The numerous inter-
group differences in laboratory findings included disparities in white blood cell count (10.8 x 10°/uL vs.
5.2 x 10°/pL, p<0.001), creatinine (2.2 vs. 0.85 mg/dL, p<0.001), and C-reactive protein (0.2 vs. 2.8 mg/
dL, p<0.001), although a logistic regression model achieved an area under the curve (AUC) of 0.966 us-
ing these three factors. A Random Forest machine learning model achieved an accuracy, precision, re-
call, and AUC of 0.908, 0.976, 0.842, and 0.978, respectively. Creatinine was the most important feature
of this model.

Conclusions: Acute kidney injury was associated with heat-related illness, which could be essential in
distinguishing or evaluating patients with fever in the summer during a COVID-19 pandemic.

(J Nippon Med Sch 2021; 88: 80-86)
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Introduction cases has exceeded 10.5 million, and the number of
The novel coronavirus disease 2019 (COVID-19) is caused
by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) and was first reported in December 2019

in Wuhan, China. It has since spread worldwide and is COVID-19 pandemic began during summer.

now a global threat. The number of confirmed COVID-19
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deaths has exceeded 516,000". Infection by human coro-
naviruses peaks in winter, but there is still some infection

risk in summer”. In the southern hemisphere, the

In summer, heat-related illness is one of the most im-
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portant public health issues. Recently, owing to global
warming and urbanization-associated inner-city heat is-
lands, the risks of heat-related illness have been increas-
ing". The severity of heat-related illness ranges from mild
heat exhaustion to the most severe presentation, heat-
stroke. Elderly adults with chronic medical conditions are
particularly vulnerable, and the heatstroke-related mor-
tality rate in these patients exceeds 50%'. Prevention and
early intervention are crucial, and reducing heat stress is
one of the most important preventive measures. How-
ever, during the current pandemic, masks functions both
as a vapor barrier and a heat source’, although they are
recommended to prevent disease transmission’, and
would therefore be an additional risk for heat-related ill-
ness in summer. Therefore, in the summer early recogni-
tion and intervention play more important roles than
usual, even among younger populations.

Early heat-related illness and COVID-19 have similar
clinical symptoms, including fever and fatigue, which are
nonspecific symptoms of systemic diseases. Clinicians
sometimes have difficulty in making a differential diag-
nosis when patients present with such complaints. How-
ever, surveillance and discrimination are important in
clinical practice, as is infection control by means of ap-
propriate personnel protective equipment or isolation, es-
pecially for emergency services and emergency depart-
ments’. There are no studies comparing patient popula-
tions with heat-related illness and COVID-19. Thus, this
study compared data from patients with early heat-
related illness and those with COVID-19 presenting with

general fatigue and fever.

Materials and Methods

This retrospective observational study was approved by
the Institutional Review Board of Nippon Medical School
(approval no. B-2020-134) and was conducted in accor-
dance with the ethical standards evinced in the 1964 Dec-
laration of Helsinki and its later amendments. The re-
quirement for individual informed consent was waived
due to the retrospective observational study design.

Patients with Heat-Related Illness

We examined data from all patients registered in three
prospective, nationwide, observational multicenter regis-
tries of heat-related illness in Japan, ie, the Heatstroke
study of 2017, 2018°, and 2019. These registries are main-
tained by the Japanese Association for Acute Medicine
Committee. In total, 115 hospitals participated in the
studies, which were conducted from July 01, 2017 to Sep-
tember 30, 2017; from July 01, 2018 to September 30,
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2018; and from July 01, 2019 to September 30, 2019. Heat-
related illness was diagnosed by physicians, and these
studies included mild cases to critically ill cases, eg, heat-
stroke and death. We intended to analyze early heat-
related illness; thus, the exclusion criteria were distur-
bance of consciousness, need for emergency transporta-
tion, age <18 years, and pregnancy. The studies were ap-
proved by each hospital’s institutional review board and
were conducted in accordance with the ethical standards
evinced in the 1964 Declaration of Helsinki and its later
amendments.

Patients with COVID-19

We examined data from all patients with COVID-19 in-
fection, as confirmed by reverse transcription polymerase
chain reaction (RT-PCR), who were admitted to one of
two hospitals in Tokyo, Japan-namely, the Japan Self-
Defense Forces Central Hospital and Flowers & Forest
Tokyo Hospital-between February 01, 2020 and May 01,
2020 with complaints of fever or fatigue. In accordance
with local public health regulations, both these hospitals
accepted patients with relatively mild symptoms. The ex-
clusion criteria were absence of fever or fatigue on ad-
mission, need for emergency transportation, age <18
years, and pregnancy. The studies were approved by the
Institutional Review Boards of the Self-Defense Forces
Central Hospital (approval no. 02-014) and Nippon
Medical School (approval no. B-2020-134), which is a
proxy institutional review board of the Flowers & Forest
Tokyo Hospital, and were conducted in accordance with
the ethical standards evinced in the 1964 Declaration of
Helsinki and its later amendments.

Data Collection

Data were collected for the following variables in each
sample: age, sex, past medical history (hypertension, car-
diovascular disease, cerebrovascular disease, and diabetes
mellitus), vital signs on arrival (heart rate, systolic blood
pressure, diastolic blood pressure, respiratory rate, body
temperature, and saturation of percutaneous oxygen
(Sp0»)), and laboratory findings on arrival (white blood
cell count (WBC), hemoglobin, platelet count, blood urea
nitrogen (BUN), creatinine, total bilirubin, aspartate
transaminase, alanine transaminase, creatine kinase (CK),
C-reactive protein (CRP), prothrombin time-international
normalized ratio, D-dimer, sodium, potassium, chlorine
and glucose). Moreover, data on other systemic symp-
toms (headache, nasal discharge, sore throat, cough, my-
algia or arthralgia, abdominal pain, nausea, diarrhea, and

dyspnea) and contact history were collected.
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Heat-related 1lluess
n=1497

Laboratory-confirmed COVID-19
n=268

Emergency transported n = 1354
Neurological diability n =27
<18 yearsoldn =16
Laboratory datamissingn =10

Without fever or fatiguen=179
Emergency transportedn =3

Mild heat-related illness
1n=90

Covid-19 with symptoms
except for severedyspnea
n =386

Analyzed

n

176

Fig. 1 Study flowchart. Heat-related illness sample: Among 1,497 patients included in Heatstroke Study
2017-2019, data from 90 were analyzed. COVID-19 sample: Among 268 patients admitted to two hos-
pitals, data from 86 were analyzed. Ultimately, a total of 176 patients were analyzed.

COVID-19: coronavirus disease 2019

Statistical Analysis

Patient data are expressed as medians and interquartile
ranges. For nonparametric data, the Mann-Whitney U
test was used for continuous variables, and the X’ test
was used for categorical variables. Multiple stepwise lo-
gistic regression analysis was used to develop a classifi-
cation model for differentiating COVID-19 from heat-
related illness, based on the significance of risk factors in
univariate analysis. Receiver operating characteristic
curves were plotted and area under the curve (AUC) was
calculated. All statistical analyses were performed by us-
ing StatFlex v7.0 (Artech, Osaka, Japan), and differences
were considered statistically significant at p < 0.05.

Random Forest, a type of supervised classification ma-
chine learning model, was used to develop a model to
distinguish heat-related illness from COVID-19. We per-
formed 5-hold cross-validation for the Random Forest
model to optimize evaluation metrics. Classification per-
formance was evaluated by accuracy, precision, sensitiv-
ity, specificity, recall, F1 score, and AUC. The Python lan-

guage was used to code the algorithm.

Results
Patient Enrollment and Baseline Characteristics
Among the 1,497 patients with heat-related illness who
were included in the Heatstroke Study 2017-2019, 1,407
patients were excluded because of need for emergency
transportation (n=1,354), age <18 years (n=16), distur-

bance of consciousness (n=27), and missing data (n=10).
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The COVID-19 group comprised 268 patients with
laboratory-confirmed COVID-19, and 182 patients were
excluded for absence of fever or fatigue (n=179) and
need for emergency transportation (n=3). Ultimately, this
study included 176 patients (heat-related illness, n=90;
COVID-19, n=86) in the analysis (Fig. 1).

The patients’” baseline characteristics are shown in Ta-
ble 1. Age did not significantly differ between those with
heat-related illness and those with COVID-19. There were
significant differences in systolic blood pressure (119 vs.
125 mm Hg, respectively, p=0.02), SpO. (98% vs. 97%, re-
spectively, p<0.001), and body temperature (36.6°C vs.
37.6°C, p<0.001) between those with heat-related illness
and COVID-19. There were numerous differences in labo-
ratory findings between the groups, including WBC (10.8
x 10°/pL vs. 5.2 x 10°/uL, respectively, p<0.001), hemo-
globin (16.6 vs. 15.0 g/dL, respectively, p<0.001), platelet
count (26 x 10*/uL vs. 19 x 10*/uL, respectively, p<0.001),
BUN (26.1 vs. 14mg/dL, respectively, p<0.001), cre-
atinine (2.2 vs. 0.85mg/dL, respectively, p<0.001), total
bilirubin (1.0 vs. 0.6 mg/dL, respectively, p<0.001), CK
(259 vs. 79 U/L, respectively, p<0.001), CRP (0.2 vs. 2.8
mg/dL, respectively, p<0.001), D-dimer (0.5 vs. 0.6ng/
mL, respectively, p=0.04), potassium (4.3 vs. 4.1 mEq/L,
respectively, p<0.01), chlorine (99 vs. 102 mEq/L, respec-
tively, p<0.001), and glucose (122 vs. 104 mg/dL, respec-
tively, p<0.001). The clinical symptoms of patients with
COVID-19 included cough (49%), exertional dyspnea
(23%), headache (20%), myalgia or arthralgia (15%), rhi-
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Table 1 Baseline characteristics of patients

Heat-related illness COVID-19
(n = 90) (n = 86) p-value
Age, years 48 [35-62] 53 [41-67] 0.09
Male, % (n) 81 (90.0) 58 (67.4) 0.001<
Body mass index 24.0 [21.3-26.2] 23.3[20.1-26.4] 0.50
Past medical history
Cardiovascular 3 5 0.42
Respiratory 2 10 0.01
Renal 0 1 0.30
Hepatitis 0 0 N/A
Diabetes mellitus 0 3 0.07
Vital signs
Systolic blood pressure, mm Hg 119 [108-134] 125 [114-139] 0.02
Diastolic blood pressure, mm Hg 78 [69-91] 80 [72-90] 0.58
Heart rate, bpm 90 [82-103] 88 [78-100] 0.20
Respiratory rate, bpm 19 [16-21] 19 [16-22] 0.54
Oxygen saturation, % 98 [96-99] 97 [95-98] 0.001<
Body temperature, °C 36.6 [36.1-37.0] 37.6 [36.8-38.3] 0.001<
Laboratory findings
White blood cell count, 103 /uL. 10.8 [7.2-15.1] 5.2 [4.2-6.6] 0.001<
Hemoglobin, g/dL 16.6 [14.9-17.8] 15.0 [14.1-15.8] 0.001<
Platelet count, 104 /uL 26.0 [21.5-29.6] 19.0 [15.9-23.7] 0.001<
Blood urea nitrogen, mg/dL 26.1[19.7-36.8] 14.0 [10.0-17.0] 0.001<
Creatinine, mg/dL 2.2 [1.35-2.9] 0.85 [0.70-1.03] 0.01<
Total bilirubin, mg/dL 1.0[0.7-1.3] 0.6 [0.4-0.7] 0.001<
Aspartate transaminase, U/L 34 [24-46] 33 [23-57] 0.89
Alanine transaminase, U/L 37 [23-55] 34 [17-51] 0.35
Creatine kinase, mg/dL 259 [170-432] 79 [55-135] 0.001<
C-reactive protein, mg/dL 0.2[0.1-0.5] 2.8 [0.3-6.3] 0.001<
Prothrombin time (international normalized ratio) 1.00 [0.90-1.10] 1.00 [1.00-1.10] 0.05
D-dimer, pg/mL 0.5 [0.5-0.7] 0.6 [0.5-1.0] 0.04
Sodium, mEq/L 137 [136-140] 139 [136-141] 0.05
Potassium, mEq/L 4.3 [3.9-4.6] 4.1 [3.8-4.3] 0.01<
Chlorine, mEq/L 99 [94-108] 102 [98-104] 0.001<
Glucose, mg/dL 122 [107-153] 104 [93-116] 0.001<

COVID-19: coronavirus disease 2019

norrhea (10%), sore throat (9%), diarrhea (9.3%), and ab-
dominal pain (6%). These data were unavailable from the
Heatstroke Study. In the COVID-19 group, 37% of the pa-
tients had a history of close contact with a COVID-19 pa-
tient.

Distinguishing between Heat-Related Illness and
COVID-19

A classification model of COVID-19 and heat-related
illness was established by three-factor multiple logistic
regression, as follows: LPcovibis = 4.192 - 0.2010 x WBC -
3.494 x Creatinine + 1.230 x CRP (Table 2). This model
yielded an AUC of 0.966 (Fig. 2). The Random Forest
model yielded an accuracy of 0.908, precision of 0.976,
sensitivity of 0.842, specificity of 0.977, recall of 0.842, F1
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score of 0.902, and AUC of 0.978 (Fig. 2). Feature impor-
tance analysis is shown in Figure 3. Creatinine was the
most important feature of this model. Other important
features were WBC, BUN, CRP, and CK.

Discussion
This is the first study to compare heat-related illness and
COVID-19, both of which are systemic febrile illnesses.
Creatinine level was the most important factor in distin-
guishing heat-related illness from COVID-19. The data
indicated that nearly half of the COVID-19 patients had
fever or fatigue but no cough and that approximately
one third of the COVID-19 patients had close contact
with persons known to be infected with COVID-19. Al-
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Table 2 Parameters of logistic regression model

Variable Partial regression coefficient Standard error p-value
Intercept 4.192 0.971
WBC, 103 /uL -0.2010 0.0837 <0.01
Creatinine, mg/dL -3.494 0.814 <0.001
CRP, mg/dL 1.230 0.393 <0.01

WBC: white blood cell count; CRP: C-reactive protein
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Fig. 2 Receiver operating characteristic curve analysis for
classification of heat-related illness and COVID-19
with a multiple logistic regression model and Ran-
dom Forest model.

COVID-19: coronavirus disease 2019; WBC: white
blood cell count: CRP, C-reactive protein

though COVID-19 is a viral disease with major symp-
toms centered on the respiratory system, some patients
with COVID-19 do not have respiratory symptoms early
in the course of the infection or even after developing
more severe disease”™. Contact with known sick
individuals-a key factor in the diagnosis of any infectious
disease-might be insufficient during the present pan-
demic. Therefore, differentiation based on presenting
symptoms and history might be difficult.

The logistic regression model and Random Forest
model based on laboratory findings and other clinical in-
formation were highly accurate. The two models revealed
that creatinine, WBC, and CRP were important factors in
differential ~ diagnosis. Leukopenia, especially lym-
phopenia, and CRP elevation are characteristic of
COVID-19 and other viral infections". Serum creatinine

levels were significantly elevated in patients with heat-
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related illness. Although acute kidney injury (AKI) is re-
ported to be common in severe COVID-19 patients', AKI
prevalence was not high in the present COVID-19 group,
perhaps because our COVID-19 patient dataset excluded
patients requiring emergency transport, which indicates
presence of severe disease before arrival, or because the
COVID-19 patients became ill during the winter and
spring, when they are less likely to be dehydrated. De-
spite the many mechanisms of AKI development in
COVID-19 patients, such as the effects of SARS-CoV-2 on
kidney endothelial cells, the prior trigger for AKI in
COVID-19 would be volume depletion caused by lack of
volume resuscitation in hospital®. In this context, heat-
related illness by itself, or when undiagnosed, might ex-
acerbate COVID-19.

There are no reports of complications of heat-related
illness and COVID-19. However, heat-related illness
would affect the outcome of COVID-19. It would be
more important to recognize heat-related illness coinci-
dent with COVID-19 than to simply distinguish heat-
related illness from COVID-19. The standard method for
diagnosing COVID-19 is detection of SARS-CoV-2 RNA
by RT-PCR. However, this complex test requires a high
level of expertise and takes several hours to generate test
results. Recently, rapid antigen detection tests for SARS-
CoV-2 have been developed™"”. Although the sensitivity
and the specificity of these tests is unclear, they could be-
come important tools for COVID-19 diagnosis. However,
these tools cannot detect “hidden” heat-related illness.
Our data suggest that heat-related illness, even during
the early stage, impairs renal function. Blood sampling
tests would be useful, but simpler tests would be pre-
ferred during a pandemic, to prevent medical exhaustion
and provide early intervention from an emergency de-
partment or even pre-hospital. Urine liver fatty acid-
binding protein (L-FABP) measured by a rapid assay kit
is reported to predict AKI within 15 minutes, even in the
emergency department®”. In conjunction with rapid test-
ing for COVID-19, a rapid L-FABP test for AKI could

help reduce overlooked hidden heat-related illness or se-
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Fig. 3 Ranking of feature importance in the Random Forest model.
Cre: creatinine; WBC: white blood cell count; BUN: blood urea nitrogen; CRP: C-reac-
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vere COVID-19.

This study has some limitations. First, there was selec-
tion bias. We only compared patients with relatively mild
symptoms who could present for treatment unassisted,
which excluded over 90% of patients in the Heatstroke
Study and most patients with severe COVID-19. More-
over, we did not determine the cause of heat-related ill-
ness, including classic and exertional. This situation
might be confined to limited clinical practice. However,
we believe that because this is the first study of this
topic, our comparisons of mild cases of COVID-19 and
heat-related illness for differential diagnosis are notable.
Second, our study did not include patients with compli-
cations of COVID-19 and heat-related illness; collecting
data on such cases will be indispensable during the sum-
mer of a pandemic. Third, sample sizes were small,
which can result in overfitting issues in machine learning
models. Although we used 5-fold cross-validation to ver-
ify the model and achieved high performance, larger
studies should confirm the findings of the machine learn-
ing model. Our models did not include laboratory find-
ings of lactate dehydrogenase (LDH) or clinical symp-
toms. Although LDH is an important COVID-19
biomarker, it was not included in the Heatstroke Study

dataset. Clinical symptoms, especially respiratory symp-
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toms, are vital information but were also not included in
the Heatstroke Study dataset. However, even without in-
formation on LDH or clinical symptoms, our model
achieved high accuracy. The model would be more accu-
rate if LDH values and data on clinical symptoms were
added. Finally, our model cannot make a definitive diag-
nosis. A diagnosis of COVID-19 should be made by using
RT-PCR, and careful observation remains indispensable.

In summary, although nearly half of patients with
COVID-19 presented with cough, there was no clinically
significant difference in any vital sign except body tem-
perature between the groups. However, there were nu-
merous differences in laboratory findings between
groups. Laboratory examination could distinguish be-
tween these diseases. Early recognition of AKI could be
important during a summer COVID-19 pandemic. How-
ever, further studies are required in order to identify how
heat-related illness affects COVID-19.
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