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Novel Temperature
Trajectory Subphenotypes
in COVID-19

To the Editor:

The novel severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) and the resulting
illness, coronavirus disease 2019 (COVID-19), has
affected >9 million people globally, with >470,000
deaths. The highest number of cases and fatalities
have occurred in the United States, with >120,000
deaths as of the end of June." In contrast to other
common viral infections, COVID-19 presents unique
challenges with high rates of hypoxemic respiratory
failure, hyperinflammatory cytokine storm,
coagulation abnormalities, and cardiac and renal
dysfunction.”” Identification of COVID-19
subphenotypes could lead to better understanding of
the diverse host responses that result in these
heterogeneous presentations.

Fever is a common presenting symptom in COVID-
19, and the thermoregulatory response to infection
operates at the intersection of the immunologic,
neurologic, cardiovascular, and other body
systems.”” Thus, longitudinal temperature
trajectories could provide unique insights into the
multiorgan dysfunction that is seen with COVID-
19. We previously published a novel method of
identifying subphenotypes in hospitalized patients
with all-cause infection with the use of longitudinal
body temperature measurements.” These
temperature trajectory subphenotypes had distinct
demographics, physiologic and immune markers,
and outcomes. We hypothesize that using a
similar approach that is specific to patients with
COVID-19 would identify subphenotypes with
unique clinical characteristics and inflammatory and
coagulation abnormalities. Importantly, we
hypothesize that these temperature trajectory
subphenotypes will have distinct outcomes, with the
primary outcome of interest being 30-day inpatient
mortality rate.

Methods

We included all adult patients who were admitted to University of
Chicago Medicine between March 1 and June 24, 2020, who tested
positive for SARS-CoV-2. We excluded patients who had been
tested for SARS-CoV-2 more than three days after admission to
exclude potential hospital-acquired cases. We also excluded
patients who were discharged or died within 24 hours of
hospitalization, because these patients may not have adequate
temperature data to be classified by the algorithm. We included
temperature measurements that had been taken in the first 72
hours of hospitalization in the algorithm. The temperature data
from hour 0 to hour 72 were split into one-hour blocks of time.
For patients with multiple temperature measurements in a one-
hour block, the earliest measurement was used. We applied
group-based trajectory modeling (GBTM) to identify the
temperature trajectory subphenotypes. GBTM is a finite mixture
model used to identify clusters of patients following similar

trajectories of a variable of interest (ie, temperature).” We
selected the four-group quadratic model based on our prior
work.” The GBTM algorithm computes a unique quadratic
equation of temperature as a function of time for each of the
four subphenotypes. Patients are classified into the temperature
trajectory subphenotype whose quadratic function most closely
matches their temperature measurements. Once patients were
classified into subphenotypes, the differences in clinical
characteristics between the subphenotypes were compared with
the use of analysis of rank (analysis of variance) or chi-squared
tests, as appropriate. The primary outcome was 30-day inpatient
mortality rate, which was modeled on subphenotypes with the
use of Cox regression analysis, controlling for demographics,
comorbidities, and severity of illness. Patients who were
discharged from the hospital before 30 days were assumed to be
alive at 30 days for the regression analysis. GBTM was
performed with the traj package command in Stata software
(Stata Corp LLC, College Station, TX).

Results

Our final cohort consisted of 696 hospitalized

patients who had tested positive for SARS-CoV-2. The
median age was 61 years (interquartile range, 47-73 y),
with 51% men, and a predominantly black patient
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population (85%). The ICU admission rate was 35%;
the 30-day inpatient mortality rate was 8.8%.

Four subphenotypes were identified: group 1 (n =
139; 20%) had normal presenting temperatures that
increased over the subsequent 72 hours; group 2

[ 158#6 CHEST DECEMBER 2020 |


http://crossmark.crossref.org/dialog/?doi=10.1016/j.chest.2020.07.027&domain=pdf

38.5

_38-
@)
e
O
5 375
I
(7]
Q
£ 37
o

36.5 - \—//

36 A

0 24

48 72

Time from presentation (h)

| Group1 — Group2 —— Group 3 —— Group 4 |

Figure 1 — Temperature trajectory subphenotypes of patients with coronavirus disease 2019. Group-based trajectory modeling is a finite mixture model
that clusters patients following similar trajectories of a variable of interest (ie, temperature). Group 1 had almost five times higher hazard ratio of death
compared with group 2, when we controlled for demographics, comorbidities, and severity of illness.

(n = 97; 14%) had higher presenting temperatures
but decreased over time; group 3 (n = 277; 40%)
had normal body temperatures throughout without
significant changes; group 4 (n = 183; 26%) had low
body temperatures (Fig 1). Age was significantly
different between the subphenotypes: group 1 was
the youngest; group 4 was the oldest (57 vs 64 vy;
P = .04). Group 4 had the highest prevalence of
congestive heart failure (32%; P = .002) and
chronic pulmonary disease (31%; P = .01). BMI was
highest in group 1 and lowest in group 4 (34 vs
29 kg/mz; P < .001). There were significant
differences in laboratory results, with group 4
having the highest d-dimer, troponin, lactic acid,
creatinine, and total bilirubin (Table 1). Although
acetaminophen use was significantly different
between the subphenotypes, the pattern of
acetaminophen administration over time did not
suggest that antipyretic medications played a role in
the divergent temperature patterns of group 1 and
group 2. Specifically, group 1 consistently got more
acetaminophen over time compared with group 2,
which suggests that the increase in temperature over
time was not due solely to inadequate antipyretic
therapy.

Group 1 had the highest 30-day inpatient mortality rate
at 12.2%; group 2 had the lowest mortality rate at 3.1%.
On Cox regression that controlled for demographics,
comorbidities, and sequential organ failure assessment
score, patients” subphenotype was associated

significantly with death (P < .05). Group 1 had almost
five times higher hazard ratio of death than patients in
group 2 (hazard ratio, 4.98; 95% CI, 1.41-17.6; P = .01).
Groups 3 and 4 had higher hazard ratio of deaths
compared with group 2 but did not reach statistical
significance (group 3: hazard ratio, 3.12; P = .07; group
4: hazard ratio, 2.38; P = .2).

Discussion

We report the use of longitudinal temperature
measurements to identify novel subphenotypes in
COVID-19 illness. Group 1 were the youngest
subphenotype with the highest BMI; group 4 were the
oldest with a high prevalence of pulmonary disease
and congestive heart failure. Group 1 had the highest
mortality rate; group 4 had the most significant
laboratory abnormalities with elevated creatinine, total
bilirubin, and lactic acid levels. The high mortality
rate that was seen in group 1 and the organ
dysfunction that was seen in group 4 suggest that
both subphenotypes have a dysregulated response to
COVID-19. Conversely, group 2 had the lowest
mortality rate, which suggests a potentially favorable
host response to infection.

Given the heterogeneity of COVID-19 and the

diversity of potential therapeutics, identification of
clinically relevant subphenotypes is necessary for
a precision approach to treatment.® For instance,
it is unclear which patients benefit from therapies
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TABLE 1 | Clinical Characteristics and Outcomes of COVID-19 Temperature Trajectory Subphenotypes

Characteristics Total Group 1 Group 2 Group 3 Group 4 P Value
No. (%) 696 139 (20) 97 (14) 277 (40) 183 (26)
Age, median (IQR), y 61 (47-73) | 57 (42-71) | 58 (49-73) | 60 (44-72) | 64(50-78) .04
Sex, male, No. (%) 355 (51) 77 (55.4) 54 (55.7) 133 (48) 91 (49.7) 4
Race, No. (%) .08
Black 588 (84.5) | 121 (87.1) 81 (83.5) 235 (84.8) | 151 (82.5)
White 44 (6.3) 6 (4.3) 6 (6.2) 19 (6.9) 13 (7.1)
Other 64 (9.2) 12 (8.6) 10 (10.3) 23 (8.3) 19 (10.4)
Comorbidity, No. (%)
Congestive heart failure 154 (22.1) 28 (20.1) 14 (14.4) 54 (19.5) 58 (31.7) .002
Pulmonary disease 166 (23.9) 24 (17.3) 17 (17.5) 68 (24.5) 57 (31.1) .01
Diabetes mellitus 92 (13.2) 20 (14.4) 11 (11.3) 38 (13.7) 23 (12.6) .9
Hypertension 233(33.5) | 48(34.5) 35 (36.1) 94 (33.9) 56 (30.6) .8
Renal disease 41 (5.9) 7 (5) 4 (4.1) 14 (5.1) 16 (8.7) .3
Liver disease 14 (2) 2(1.4) 0 (0) 8 (2.9) 4(2.2) 3
BMI, kg/m? 31 (10) 34 (11) 32 (8) 31 (10) 29 (8) < .001
Sequential organ failure assessment 2 (1-5) 3 (1-5) 2 (1-5) 2 (1-5) 3(1-6) .5

score, median (IQR)
Vitals, mean (SD)

Mean arterial pressure, min, mm Hg 71 (13) 71 (11) 72 (11) 72 (12) 69 (16) 3

Respiratory rate, max, breaths/min 31 (9) 34 (8) 33 (7) 31 (11) 29 (7) < .001

Heart rate, max, beats/min 113 (22) 116 (22) 112 (17) 113 (21) 109 (25) .008

Glasgow Coma Scale, min 13 (3) 13 (4) 14 (3) 13 (3) 13 (4) .6

Saturation of oxygen, min 87 (10) 86 (8) 86 (10) 87 (11) 88 (10) 1

Admission temperature >38°C, 36.9 (0.8) 37.2 (0.8) 37.4 (0.9) 36.8 (0.6) 36.6 (0.6) | < .001
mean (SD)

Fever, No. (%) 345 (49.6) | 138 (99.3) 94 (96.9) 96 (34.7) 17 (9.3) < .001

Laboratory results

Leukocytosis, No. (%) 136 (19.5) 19 (13.7) 12 (12.4) 64 (23.1) 41 (22.4) .02

Leukopenia, No. (%) 160 (23) 43 (30.9) 21 (21.6) 64 (23.1) 32 (17.5) .04

Platelet count, mean (SD), count/uL 205 (92) 179 (66) 189 (71) 215 (98) 218 (104) < .001
(in thousands)

Creatinine, mean (SD), mg/dL 2.2 (2.8) 1.9 (2.3) 1.9 (2.1) 2.1 (2.6) 2.6 (3.5) .03

Total bilirubin, mean (SD), mg/dL 0.8 (1.5) 0.6 (0.4) 0.6 (0.3) 0.7 (0.7) 1.2 (2.9) .001

Lactic acid, mean (SD), mmol/L 2.7 (3) 1.9 (1.1) 1.9 (1) 2.7 (2.6) 3.7 (4.5) < .001

D-dimer, mean (SD), ug/mL 4 (5) 4 (5) 3 (4) 3 (5) 5 (6) .01

Ferritin, mean (SD), ng/mL 1,478 1,372 1,597 1,244 1,871 3

(2,931) (2,514) (1,993) (1,867) (4,619)

Lactate dehydrogenase, mean (SD), 460 (467) 461 (221) 487 (230) 425 (226) 502 (845) .8
units/L

Creatine kinase, mean (SD), units/L 1,031 1,228 664 571 1,811 .5

(5,615) (2,238) (1,010) (1,597) (10,928)

Troponin, mean (SD), ng/L 64 (147) 50 (111) 32 (46) 62 (157) 96 (184) .003

Erythrocyte sedimentation rate, mm/h 84 (33) 82 (31) 88 (32) 84 (34) 85 (35) .6

C-reactive protein, mean (SD), mg/L 120 (96) 150 (102) 150 (90) 110 (90) 92 (91) < .001

IL-6, mean (SD), pg/mL 43 (73) 51 (71) 34 (36) 35 (57) 60 (112) 7

(Continued)
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TABLE 1 | (Continued)

Characteristics Total Group 1 Group 2 Group 3 Group 4 P Value
Outcomes
Acetaminophen doses, mean (SD), 3.4 (3.5) 6.5 (3.2) 4.3 (2.7) 2.7 (3.2) 1.5 (2.5) < .001
No.
Length of hospital stay, d 7 (4-11) 8 (6-14) 7 (5-11) 6 (4-12) 6 (4-9) .002
ICU admission, No. (%) 242 (34.8) 55 (39.6) 33 (34) 90 (32.5) 64 (35) .6
Mechanical ventilation, No. (%) 101 (14.5) 28 (20.1) 11 (11.3) 34 (12.3) 28 (15.3)
Deaths, No. (%) 61 (8.8) 17 (12.2) 3(3.1) 23 (8.3) 18 (9.8) 1

that block elements of the cytokine storm
response.”” Fever is a hallmark of cytokine
storm; thus, group 1 with rising body
temperatures and elevated C-reactive protein levels
may benefit from this type of therapy. Similarly,
prolonged time to normalization of body
temperature correlates with SARS-2-COV
shedding.'” Therefore, group 1 may have
prolonged viral shedding and could require
extended antiviral therapy. Group 4 comprised
the oldest patients and had 32% prevalence of
congestive heart failure; given the age, high-risk
comorbidity, and elevated D-dimer levels, group 4
may be at higher risk for VTE and may benefit
from aggressive screening or treatment, which are
hypotheses that should be tested in future work.
The limitations of the study include that it was
retrospective and at a single center. Further
research is needed with the use of multicenter
data to investigate the prognostic and phenotypic
potential of temperature trajectory subphenotypes
in COVID-19.

In conclusion, we found four distinct subphenotypes of
patients with COVID-19 with markedly different clinical
characteristics and mortality rates. Our results suggest
that patients in these subphenotypes may have differing
risks for experiencing cytokine storm, coagulopathy, and
cardiac and renal injury and may require targeted
management.
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