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ARTICLE INFO ABSTRACT

Keywords: Objectives: Several studies have demonstrated an association between elevated cardiac biomarkers and adverse
High sensitivity troponin outcomes in patients with COVID-19. However, the prognostic and predictive capability of a multimarker panel
SQVIDEQ in a prospectively collected, diverse “all-comers” COVID-19 population has not been fully elucidated.

iomarkers

Design & methods: We prospectively assessed high sensitivity cardiac troponin I (hsTnlI), NT-pro B-type Natriuretic
Peptide (NT-proBNP), Galectin-3 (Gal-3), and procalcitonin (PCT) in 4,282 serial samples from 358 patients
admitted with symptomatic, RT-PCR confirmed SARS-CoV-2 infection. Outcomes examined were 30-day in-
hospital mortality and requirement for intubation within 10 days.

Results: Baseline hsTnlI had the highest AUC for predicting 30-day mortality (0.81; 95% CI, 0.73-0.88), followed
by NT-proBNP (0.80; 0.74-0.86), PCT (0.77; 0.70-0.84), and Gal-3 (0.68; 0.60-0.76). HsTnl < 3.5 ng/L at
baseline identified patients at low risk for in-hospital mortality (NPV 95.9%, sensitivity 97.3%) and 10-day
intubation (NPV 90.4%, sensitivity 88.5%). Continuous, log-2 increases in troponin concentration were associ-
ated with reduced survival (p < 0.001) on Kaplan-Meier curves and increased risk of 30-day mortality: HR 1.26
(1.16-1.37) in univariate and 1.19 (1.03-1.4) in multivariate models. Time-varying doubling of concentrations
of hsTnl and Gal-3 were associated with increased risk of 30-day mortality (adjusted HR 1.21, 1.06-1.4, and
1.92, 1.40-2.6).

Conclusion: HsTnl, NT-proBNP, Gal-3, and PCT are elevated at baseline in patients that have worse outcomes
from COVID-19. HsTnl was the only independent predictor of 30-day mortality and intubation. Time-varying,
doubling in hsTnl and Gal-3 further aided in prognostication of adverse outcomes. These results support the
use of hsTnl for triaging patients with COVID-19.

1. Introduction

The pandemic of severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) has caused over 5 million deaths to date [1]. Concerns
persist that healthcare systems in the US are not equipped long-term to
deal with continued populations expected to need hospitalization,
intubation, and intensive care admission. It is not known how best to
triage patients so that resources are optimally allocated during this
ongoing public health emergency and to date no risk stratification tool
has been globally accepted to aid in identifying those at highest risk for
requiring ventilation or mortality from COVID-19. Circulating cardiac
biomarkers such as high sensitivity troponin I (hsTnl), Galectin-3 (Gal-3)
and natriuretic peptides (NPs) are known to be effective in risk strati-
fication for future major adverse cardiovascular events, among those

with and without symptoms of cardiovascular disease [2-4] and have
shown promise for this utility in COVID-19 patients [5-7].

Several studies have demonstrated worse outcomes among patients
with SARS-CoV-2 infection and elevated cardiac biomarkers. An early
study of 138 hospitalized patients found that patients admitted to the
ICU had hsTnI more than twice as high as those that did not require ICU
admission (11 vs 5.1 ng/L, p = 0.004) [8]. Another study of 416
consecutive COVID-19 patients demonstrated that almost 20% had
cardiac injury, as defined by a hsTnl > 99th percentile; those with
cardiac injury had a mortality rate > 10 times higher than those without
(Hazard Ratio (HR) for death from time of symptom onset > 4) [9].
Similarly, a large study from the US demonstrated 2-3 times the risk of
mortality when Tnl concentrations exceeded 30 and 90 ng/L, respec-
tively [10]. Notably, only one-quarter of patients in this study were

Abbreviations: hs-Tnl, High sensitivity troponin I; PCT, procalcitonin; NT, proBNP- N-terminal B-type natriuretic peptide; Gal-3, Galectin 3.
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African American or Asian and a contemporary Tnl assay was employed,
limiting applicability to all populations and the ability to accurately
report below the 99th percentile. There is also evidence that the com-
bination of natriuretic peptides and high sensitivity troponin may pro-
vide improved prognostic capability as opposed to either biomarker
alone. In one study of 341 patients with COVID-19, elevations in both
biomarkers conferred almost threefold risk for in-hospital mortality
relative to non-elevated levels [11]. Studies have also demonstrated
associations between natriuretic peptides, procalcitonin (PCT), and Gal-
3 with worse outcomes in patients with SARS-CoV-2 infection [7,12,13].
However, limited data is available incorporating simultaneously
measured biomarkers of myocardial injury, stress, fibrosis, and sepsis in
a diverse, prospectively collected cohort. Most studies published to date
are observational, involving limited racial and/or ethnic diversity and
relying on retrospective examination of physician-ordered standard of
care samples such that findings may not necessarily be applicable to all
COVID-19 patients presenting to the Emergency Department (ED)
setting.

Given the ongoing need for risk stratification in patients with COVID-
19, we sought to determine the predictive and prognostic capability of a
multimarker panel. Furthermore, we sought to establish if changes in
circulating biomarkers could be used to risk stratify patients hospital-
ized with COVID-19.

2. Methods
2.1. Population and study design

This prospective observational study included adult patients
admitted through the ED at Barnes Jewish Hospital between March 2020
and March 2021 with symptoms of COVID-19 and a real-time reverse
transcriptase polymerase chain reaction (RT-PCR)-confirmed SARS-
CoV-2 infection from an oropharyngeal swab. A total of 4,282 speci-
mens from 358 patients were collected and analyzed. Conduct of this
study was reviewed and approved by the Washington University Inter-
nal Review Board and it conformed with the principles of the Declara-
tion of Helsinki. Those < 18 or > 90 years of age, with a positive SARS-
CoV-2 RT-PCR test within 30 days and/or direct admission or transfer
from another hospital were excluded.

2.2. Specimen processing and biochemical analysis

Residual complete blood count (CBC) EDTA plasma specimens
drawn in the ED and each day during admission were obtained and
centrifuged at 1500 x g at 4C for 10 min. The separated plasma was
aliquoted and stored at 4C for up to 3 days before storage at 80C until
analysis. All testing was performed on the remnant EDTA plasma spec-
imen. Previous studies have demonstrated stability for several days at 4C
in separated plasma of these analytes [14-17]. Specimens were then
thawed, centrifuged at 1500 x g for 10 min, and immediately analyzed.
Concentrations of hsTnl, NT-proBNP, Gal-3, and PCT were measured on
an Abbott ARCHITECT i2000 automated chemistry analyzer according
to the manufacturer’s instructions (Abbott Diagnostics, Abbott Park, IL).
The limit of quantification (LOQ) of the hsTnlI assay is 3.5 ng/L, and the
limit of detection (LOD) is 1.7 ng/L. The sex-specific 99th percentiles are
17 ng/L for females and 35 ng/L for males. Thresholds of 4 ng/L and 10
ng/L for females and 6 ng/L and 12 ng/L for males were also used for
tiered risk stratification [3,18]. For NT-proBNP, the LOQ is 5 pg/mL.
Tiered thresholds used in the diagnosis of acute heart failure to rule out
(<300 pg/mL or < 450 pg/mL if > 74 years of age), and rule-in (age <
50 years, >450 pg/mL; age 50-74, > 900 pg/ml; age > 74, > 1800 pg/
mL) were used [19]. For Gal-3, tiered thresholds were used for low
(<17.8 ng/mL), intermediate (17.9-25.9 ng/mL), and high risk (>25.9
ng/mL) [20].
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2.3. Endpoints

Primary outcomes evaluated included 30-day mortality from ED
presentation and respiratory failure requiring invasive ventilation
within 10 days of ED presentation. If intubation was indicated but
declined or if the patient had a “do not resuscitate” directive, the case
was adjudicated as “required intubation”.

2.4. Data collection

All outcomes, demographics, data, and medical history were ob-
tained using the electronic medical record (EMR, EPIC). Comorbidities
assessed included body mass index (BMI), previous pulmonary embo-
lism, diabetes, chronic obstructive pulmonary disease, previous car-
diovascular disease, acute respiratory distress syndrome, chronic kidney
injury, end-stage renal disease, and history of deep vein thrombosis.
Transthoracic echocardiography was performed in 39 patients, but re-
sults were not included in multivariate models due to the low number of
patients.

2.5. Statistical analysis

Baseline characteristics including age, sex, race, BMI (continuous),
BMI category, days since symptom onset and 10-day intubation
requirement were reported by 30-day mortality status. For continuous
variables, mean and standard deviation were reported if the variable
was approximately normally distributed, and median with minimum
and maximum values were reported otherwise. For significance testing
by 30-day mortality status, a t-test was used to compare groups if nor-
mally distributed and a Mann-Whitney test was used otherwise. For
categorical variables, number and percentage were reported, and for
significance testing, Pearson’s chi-squared test was used if all expected
cell counts were > 5 and Fisher’s exact test was used otherwise.

To assess the relationship between baseline biomarker values and the
endpoints of 30-day mortality and 10-day intubation, a univariate
analysis was first performed by determining the area under the curve
(AUCQ) for each biomarker with each endpoint. 95% confidence intervals
(CIs) for AUC, sensitivity, and specificity were calculated by creating
2000 bootstrapped datasets and then taking the 2.5th and 97.5th per-
centiles, following the percentile bootstrapping method. For each
biomarker, the cutoff corresponding to the Youden index is reported.
Additionally, distribution plots were created by performing a logarithm
base 2 transformation for each candidate biomarker and then plotting
the distribution at baseline by the study endpoints.

Survival analysis was performed to further assess the relationship
between biomarker concentrations and 30-day mortality and 10-day
intubation. Kaplan-Meier curves were constructed for each endpoint,
with patient risk categories determined by biomarker thresholds. The
log rank test for differences in survival curves was performed. Univariate
Cox proportional hazards models were estimated for baseline biomarker
concentrations and sequentially collected concentrations to determine
their association with each endpoint. The analysis with sequential
samples incorporates all available samples for each patient by using a
gap time approach, considering each interval between biomarker mea-
surements and an increase of one log-transformed unit in the biomarker
concentration. The biomarkers hsTnl, NT-proBNP, and Galectin-3 were
transformed using logarithm base 2. A multivariable adjusted model for
each endpoint, both baseline and sequentially, was constructed using
the demographic and clinical characteristics of age, sex, race, BMI
category, and symptom onset in days. Due to low sample size (n = 8),
patients with Asian race were excluded from this multivariable analysis.

All hypothesis testing was 2-sided and used an alpha level of 0.05 to
determine statistical significance. All analyses were performed using R
version 4.0.5 [21].
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3. Results

A total of 361 patients were screened and 358 patients (99.2%) met
the inclusion criteria. Baseline characteristics are shown in Table 1. 210
(58.7%) patients were male. The mean age of the population studied was
59.8 years (SD = 17.1). Within 30-days of ED presentation, 50 (14%)
patients died. 93 (26%) patients required intubation, 76 (21%) of whom
required intubation within 10-days of ED presentation. Among the 76
patients requiring intubation within 10-days, 36 (47.4%) died within
30-days of hospital admission. The mean (SD) number of days from
symptom onset to ED presentation was 4.97 (5.90) for patients who
survived and 3.78 (4.67) for those that died within 30-days. Of the 255
patients (71.2%) that identified as black, 31 (12.2%) died. There was no
significant (p = 0.5243) difference in mortality rates between black and
white patients.

Median baseline troponin concentration in patients that died within
30-days of ED presentation was 50 ng/L (IQR 26-427) and in those that
survived was 8 ng/L (4-20, Fig. 1A). Three (6%) patients that died and
70 (23%) patients that survived had troponin concentrations below the
LOQ (4 ng/L) at ED presentation. Similar results were observed in pa-
tients that died relative to those that survived for median NT-proBNP
(died = 2019 pg/mL, IQR 568-6332, survived = 177 pg/mL, IQR
46-622), median Gal-3 (died = 55.5 ng/mL, IQR 41.2-87.0, survived =
39.0 ng/mL, IQR 25.4-58.5), and median PCT (died = 0.38 ng/mL, IQR
0.18-2.66, survived = 0.09 ng/mL, IQR 0.04-0.27) concentrations.
Patients that required intubation within 10 days of admission had higher
median hsTnl concentrations (intubated = 37 ng/L, IQR 9-101, non-

Table 1
Baseline characteristics by 30-Day Mortality.
No (N = 308) Yes (N = 50) Overall (N =
358)
Age
Mean (SD) 57.8 (16.7) 72.1 (14.8) 59.8 (17.1)
Median [Min, Max] 61.0 [18.0, 72.5 [23.0, 63.0 [18.0,
92.0] 98.0] 98.0]
Sex
Female 128 (41.6%) 20 (40.0%) 148 (41.3%)
Male 180 (58.4%) 30 (60.0%) 210 (58.7%)
Race
White 70 (22.7%) 13 (26.0%) 83 (23.2%)
Black 224 (72.7%) 31 (62.0%) 255 (71.2%)
Asian 6 (1.9%) 2 (4.0%) 8 (2.2%)
Missing 8 (2.6%) 4 (8.0%) 12 (3.4%)
BMI
Mean (SD) 30.0 (9.18) 28.2(7.94) 29.8 (9.04)
Median [Min, Max] 28.6 [15.0, 27.4 [14.9, 28.4 [14.9,
88.6] 49.0] 88.6]
Missing 3 (1.0%) 3 (6.0%) 6 (1.7%)
BMI Category
Underweight 11 (3.6%) 5 (10.0%) 16 (4.5%)
Normal 83 (26.9%) 14 (28.0%) 97 (27.1%)
Overweight 69 (22.4%) 11 (22.0%) 80 (22.3%)
Obese 142 (46.1%) 17 (34.0%) 159 (44.4%)
Missing 3 (1.0%) 3 (6.0%) 6 (1.7%)
Symptom Onset in Days
Mean (SD) 4.97 (5.90) 3.78 (4.67) 4.80 (5.75)
Median [Min, Max] 3.00 [0, 43.0] 2.00 [0, 22.0] 3.00 [0, 43.0]

10-Day Intubation

Required
No 268 (87.0%) 14 (28.0%) 282 (78.8%)
Yes 40 (13.0%) 36 (72.0%) 76 (21.2%)
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intubated = 8 ng/L, IQR 3-22), NT-proBNP (intubated = 850 pg/mL,
IQR 201-3028, non-intubated = 176 pg/mL, IQR 45-711), Gal-3
(intubated = 51.8 ng/mL, IQR 37.7-85.5, non-intubated = 38.1 ng/
mL IQR 25.1-56.9), and PCT (intubated = 0.37 ng/mL IQR 0.16-1.30,
non-intubated = 0.09 ng/mL IQR 0.04-0.23, Fig. 1B). Of the 63 (20%)
patients with hsTnl > 99th% URL that survived, 45 had comorbidities
that could cause elevations in troponin. The most common comorbid-
ities included previously diagnosed cardiovascular disease (30%),
chronic kidney disease (30%) and end-stage renal disease (18%).

HsTnl at baseline had the highest AUC for predicting 30-day mor-
tality (Table 2) at 0.81 (95% CI, 0.73-0.88), followed by NT-proBNP
(0.80, 0.74-0.86), PCT (0.77, 0.74-0.86), and Gal-3 (0.68, 0.60-0.76).
AUCs for predicting 10-day intubation requirement were 0.71
(0.64-0.78) for hsTnl, 0.69 (0.62-0.76) for NT-proBNP, 0.66
(0.59-0.73) for Gal-3 and 0.75 (0.69-0.82) for PCT. A single hsTnl cutoff
of 25 ng/L demonstrated a sensitivity of 0.76 (0.61-0.87) and specificity
of 0.77 (0.44-0.86) for 30-day mortality. The hsTnI LOQ cutoff of < 3.5
ng/L at baseline identified a cohort of 70 patients (25%; NPV 95.9%,
sensitivity 97.3%) and 66 patients (26%, NPV 90.4%, sensitivity 88.5%)
for in-hospital mortality and 10-day intubation, respectively. Three
patients that died within 30-days had baseline hsTnl < 4 ng/L, two of
whom had advanced respiratory distress syndrome requiring intubation
at ED presentation while one had a subsequent increase in hsTnI to 53
ng/L within two days of admission.

Kaplan-Meier curves demonstrated markedly reduced survival
probability in patients with baseline troponin > 99th % URL relative to
those at or below 99th % (p < 0.0001, Fig. 2A). Similar results were
observed for 10-day intubation probability for baseline hsTnI (p <
0.0001, Fig. 2B). Using hsTnl thresholds to stratify low, medium, and
high risk demonstrated similar results for 30-day mortality (p = 0.003
Fig. S1A), and 10-day intubation (p = 0.011, Fig. S1B). Age specific NT-
proBNP cutpoints for identifying acute heart failure were also highly
predictive of 30-day mortality risk (p = 0.0007, Fig. S2A) and 10-day
intubation (p = 0.0027, Fig. S2B). Baseline Gal-3 concentrations using
tiered thresholds did not predict risk for 30-day mortality or 10-day
intubation (Fig. S3A-B).

Univariable Cox proportional hazard models demonstrated that
baseline hsTnl concentrations were associated with increased risk of 30-
day mortality (HR 1.26, 95% CI, 1.12-1.37, Table 3). This association
was modestly enhanced with serial measurement of time-varying hsTnl
concentrations throughout hospital admission (1.29, 1.18-1.41). Base-
line NT-proBNP (1.22, 1.11-1.35), time-varying NT-proBNP (1.26,
1.14-1.38), baseline Gal-3 (1.56, 1.13-2.14), and time-varying Gal-3
(2.04, 1.56-2.69) concentrations were also associated with increased
risk. Similarly, the HR for requiring intubation within 10-days of
admission for hsTnl was 1.20 (1.11-1.30), for NT-proBNP was 1.12
(1.04-1.20), and for Gal-3 was 1.57 (1.23-2.01). The HR for all three
biomarkers increased with serial measurements throughout admission
(Table 3).

In multivariable models adjusted for all baseline biomarker con-
centrations, age, sex, race, BMI category, and symptom onset, hsTnl
concentration at baseline was the only independent predictor of 30-day
mortality (HR 1.19, 1.03-1.4, Fig. 3A) and 10-day intubation require-
ment (HR 1.16, 1.02-1.3, Fig. 3B). In a multivariable adjusted model
including time-varying concentrations, time-varying hsTnl concentra-
tions were associated with 30-day mortality (HR 1.21, 1.06-1.4), with a
log-2 unit increase (doubling) in hsTnlI associated with a 21% (6-40%)
increased risk of 30-day mortality (Fig. S4AC). Time-varying Gal-3
concentrations were also associated with 30-day mortality (HR 1.92,
1.4-2.6), with a log-2 unit increase in Gal-3 associated with a 92%
(60-160%) increased mortality risk. Time-varying hsTnl was also
associated with 24% (10-40%) increased risk of 10-day intubation (HR
1.24, 1.1-1.4, Fig. S4B). There was no significant association between,
sex, race, BMI, or days from symptom onset to presentation with 30-day
mortality or 10-day intubation at baseline. In multivariable models, age
was a significant predictor of 10-day intubation both at baseline (HR



K. Tawiah et al.

Clinical Biochemistry 107 (2022) 24-32

L]
.
e
151 159 $ 151
. N o
o ! 2 2
© 10+ . Q10 © 101
z ?
= $ q 5 :
2 5 8 . b
T - © J_\
z © \ ]
I 1
51 51 51 [
.
04 01 01
No Yes No Yes No Yes
30-Day Mortality 30-Day Mortality 30-Day Mortality
81 300 o
.
o
64
200
.
-
O 4+
o :
H
s
: 190 1
L]
21 [
.
i ¢
04 — 1 L
N’o Yés Nlc Yés
30-Day Mortality
B.
'
o
.
151 s 151 151
[
[
o ) g ®
> kel
S5 10+ ] 2 104 © 101
< ? o £ .
fa 5 8 .
I T ©
z Y ﬁ‘ﬁ
54 51 51 |
.
04 01 01
Nlo Yés Nlo Y(Ies No Yés
10-Day Intubation Required 10-Day Intubation Required 10-Day Intubation Required
8+ 300 o
.
.
64
* 2001
* .
G4
o . .
H 3
3 190+
[ ]
Py
.
% :
e
$
04 i !
N‘o Yés Nlo Yés

10-Day Intubation Required

Fig. 1. Baseline biomarker concentrations stratified by outcomes. hsTnI, NT-proBNP, Gal-3, and PCT concentrations at baseline stratified by A. 30-day mortality
and B. requirement of intubation within 10-days of ED presentation.
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Table 2
Performance of multimarker panel for 30-day mortality and 10-day intubation.
Outcome Biomarker AUC 95% CI Youden Index Sensitivity Specificity
30-day Mortality hsTnl 0.806 (0.734,0.878) 25 0.76 (0.61-0.77) 0.77 (0.46-0.86)
NT-proBNP 0.796 (0.735,0.857) 553 0.76 (0.6-0.89) 0.71 (0.56-0.83)
Gal-3 0.681 (0.602,0.761) 40.3 0.76 (0.61-0.89) 0.53 (0.28-0.66)
PCT 0.769 (0.7,0.838) 0.15 0.84 (0.66-0.95) 0.61 (0.38-0.71)
10-day Intubation hsTnl 0.712 (0.642,0.783) 27 0.60 (0.41-0.68) 0.77 (0.6-0.86)
NT-proBNP 0.69 (0.624,0.757) 137 0.83 (0.71-0.94) 0.43 (0.33-0.54)
Gal-3 0.663 (0.592,0.733) 47.7 0.57 (0.41-0.71) 0.68 (0.54-0.77)
PCT 0.754 (0.69,0.818) 0.15 0.77 (0.63-0.87) 0.63 (0.49-0.73)
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Fig. 2. Kaplan-Meier Curves for hsTnI by outcome. hsTnlI concentration at baseline were stratified by results > and < 99th percentile upper reference limit for A.
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Table 3
Univariate Cox-models for 30-day mortality and 10.

Outcome Biomarker Fit n # Events HR 95% CI p valie

30-day Mortality hsTnl log2 baseline 325 46 1.26 (1.16-1.37) 0
hsTnl log2 time-varying 1410 47 1.29 (1.18,1.41) 0
NT-proBNP log2 baseline 316 45 1.22 (1.11-1.35) 0
NT-proBNP log2 time-varying 1402 47 1.26 (1.14-1.38) 0
Gal-3 log2 baseline 318 46 1.56 (1.13-2.14) 0.006
Gal-3 log2 time-varying 1404 47 2.04 (1.56-2.69) 0
PCT baseline 288 43 1.00 (0.99-1.01) 0.823
PCT time-varying 1369 46 1.00 (1.0-1.01) 0.349

10-day Intubation hsTnl log2 baseline 325 68 1.20 (1.11-1.3) 0
hsTnlI log2 time-varying 900 68 1.27 (1.18-1.36) 0
NT-proBNP log2 baseline 316 66 1.12 (1.04-1.2) 0.002
NT-proBNP log2 time-varying 892 67 1.16 (1.08-1.29) 0
Gal-3 log2 baseline 318 68 1.57 (1.23-2.01) 0
Gal-3 log2 time-varying 894 68 1.67 (1.32-2.11) 0
PCT baseline 288 61 1.00 (0.99-1.01) 0.57
PCT time-varying 863 63 1.00 (0.99-1.01) 0.336

Outcome Biomarker Fit n # Events HR 95% CI p valie

30-day Mortality hsTnl log2 baseline 325 46 1.26 (1.16-1.37) 0
hsTnI log2 time-varying 1410 47 1.29 (1.18,1.41) 0
NT-proBNP log2 baseline 316 45 1.22 (1.11-1.35) 0
NT-proBNP log2 time-varying 1402 47 1.26 (1.14-1.38) 0
Gal-3 log2 baseline 318 46 1.56 (1.13-2.14) 0.006
Gal-3 log2 time-varying 1404 47 2.04 (1.56-2.69) 0
PCT baseline 288 43 1.00 (0.99-1.01) 0.823
PCT time-varying 1369 46 1.00 (1.0-1.01) 0.349

10-day Intubation hsTnI log2 baseline 325 68 1.20 (1.11-1.3) 0
hsTnI log2 time-varying 900 68 1.27 (1.18-1.36) 0
NT-proBNP log2 baseline 316 66 1.12 (1.04-1.2) 0.002
NT-proBNP log2 time-varying 892 67 1.16 (1.08-1.29) 0
Gal-3 log2 baseline 318 68 1.57 (1.23-2.01) 0
Gal-3 log2 time-varying 894 68 1.67 (1.32-2.11) 0
PCT baseline 288 61 1.00 (0.99-1.01) 0.57
PCT time-varying 863 63 1.00 (0.99-1.01) 0.336

1.04, 1.01-1.1) and using time-varying biomarker concentrations (HR
1.02, 1.01-1.05). Cox models were well-calibrated, with concordance
indices of 0.77, 0.82, 0.73, and 0.74 for baseline and sequential models
for 30-day mortality and baseline and sequential models for 10-day
intubation, respectively.

4. Discussion

In this study, we assessed the utility of cardiac, fibrosis, and sepsis
biomarkers measured serially for prognostication of 30-day mortality
and a requirement of intubation in patients symptomatic for COVID-19
presenting to the ED with RT-PCR confirmed SARS-CoV-2 infection. To
date, most studies have assessed the utility of biomarkers for prognos-
tication of COVID-19 using either a single biomarker or have relied on
physician ordered standard of care testing [5,22]. One recent Italian
study demonstrated that the combination of NPs and hsTn identified
patients at increased risk for in-hospital mortality, although the racial
composition of this Italian cohort was not reported [11]. To our
knowledge, this is the first study incorporating simultaneously measured
biomarkers of myocardial injury, stress, fibrosis, and sepsis in a diverse
(71% black), prospectively collected cohort with RT-PCR confirmed
symptomatic COVID-19.

We found that increased hsTnl at ED presentation was the strongest
independent predictor of 30-day mortality and requiring intubation in
COVID-19 patients when adjusting for age, gender, race, and comor-
bidities. Interestingly, studies using baseline concentrations of hsTn as a
predictor of mortality have demonstrated mixed outcomes. A previous
study of 367 patients using an hsTnT assay demonstrated no significant
association with short-term mortality [5]. In contrast, results from a
study of 2,736 patients with a generation (contemporary) Tnl assay
measured within 24 h of admission for COVID-19 found a HR of 1.75 and
3.03 for patients with troponin between 30 and 90 ng/L and > 90 ng/L
respectively [10]. A study from Italy using the same hsTnl assay used in
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this study demonstrated a HR of 9.0 for in-hospital mortality in patients
with Tnl > 99th % URL [23]. Here, we demonstrate a significant HR of
1.19 for baseline troponin concentration in our patient population.
Differences between these studies are multifactorial but are likely due in
part to ethnic and racial disparities. Previous studies enrolled patients
based on physician-adjudicated need for troponin testing and concern
for myocardial injury [5,10,22,23]. Therefore, a strength of this study is
that it was not biased to a patient population with a higher likelihood of
myocardial injury, demonstrating hsTnl as a tool for risk stratification in
all patients with symptomatic COVID-19. Another strength of this study
was the diverse patient population (71% black, 23% white, and 2.2%
Asian). This may also underlie differences between this study and others
that primarily consisted of white [5,23] or Asian populations [8,9] and
may improve transferability of results to hospitals with similar de-
mographics across the US. Importantly, using the LOQ cutoff of < 3.5
ng/L, 27% of patients would have been ruled-out for mortality and 28%
for intubation with > 90% NPV, aiding in the rapid triage and treatment
of higher and lower risk patient populations. Importantly, only 3 pa-
tients that died within 30-days had baseline hsTnI < 3.5 ng/L (NPV of
95.9%), two of which had advanced respiratory distress syndrome
requiring intubation at ED presentation implying that hs-cTnI was likely
unnecessary for prognostication. These results imply that baseline
troponin measurement in patients presenting with symptomatic COVID-
19 is a useful tool for risk stratification and prognostication [5,6,22-24].

We also demonstrate that continuous monitoring through serial
testing modestly improves the prognostic value of Tnl measurement
beyond baseline concentrations for predicting 30-day mortality and 10-
day requirement for intubation. There are limited studies assessing
cardiac biomarkers serially in hospitalized patient with COVID-19, and
previous studies were observational, retrospective studies dependent on
physician-ordered troponin testing. This likely resulted in a relatively
sparse dataset, and the requirement to rely on maximum troponin as
opposed to continuous monitoring using a gap time approach [5]. This
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A. Baseline Adjusted Cox-Model
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Fig. 3. Multivariate Cox Models for Predicting Adverse Outcomes. Adjusted models based on continuous multimarker concentrations, age, sex, race, BMI, and
time from symptoms to presentation. Shown are A. baseline HR (95% CI), B. time-varying HR for predicting 30-day morality.
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likely underlies differences in our study with an adjusted HR of 1.21
relative to previous studies of 1.001 [5]. We previously demonstrated
that patients with COVID-19 and a rise and/or fall in cTnl using a
contemporary assay had worse outcomes [24]. Therefore, this study
adds to the growing body of literature demonstrating the value of serial
assessment of hsTnl in patients admitted with COVID-19; importantly,
serial measurement of troponin may aid in risk stratification, particu-
larly for those patients that present with baseline biomarkers that are
only modestly elevated.

Contrary to other published studies, we found little added value of
baseline NT-proBNP, Gal-3, or PCT. While NT-proBNP and Gal-3 were
elevated at baseline in patients with worse outcomes, had similar AUCs
for ROC analysis, and elevated HR on univariable analysis, neither were
independent predictors of 30-day mortality or 10-day intubation in fully
adjusted multivariable models. This implies that baseline NT-proBNP
and Gal-3 concentrations in patients with worse outcomes are associ-
ated with other predictive factors of mortality such as elevated Tnl.
Interestingly, Gal-3 was the only other biomarker that was an inde-
pendent predictor of 30-day mortality when measured sequentially. Gal-
3 elevation most likely reflects acute inflammation in worsening disease,
and has been postulated as a marker for therapy in acute fibrosis
[25,26]. Nonetheless, these results imply that serial Gal-3 testing may be
useful for risk stratification in patients with COVID-19. To our knowl-
edge, this is the first study demonstrating the potential utility of Gal-3
for serial risk stratification and further studies are needed to validate
these findings.

There were several limitations associated with this study. Most
specimens were from patients presenting prior to the widespread
implementation of SARS-CoV-2 vaccines, which may limit the applica-
bility of these study results to vaccinated populations. Furthermore, the
infecting SARS-CoV-2 strain was unknown, and patients presented prior
to the Delta and Omicron strains. Given that preliminary reports have
demonstrated reduced disease severity and better outcomes in patients
infected with the Omicron strain [27], these results may not be appli-
cable as the pandemic continues or if SARS-CoV-2 becomes endemic.
However, a previous study demonstrated better performance of troponin
for predicating mortality in December 2020 vs March 2020 (HR of 1.8 vs
1.53), implying that these results may be transferable with less virulent
strains and in the vaccine era [28]. Nonetheless, further studies are
needed to address this. Another limitation was that physician adjudi-
cation of myocardial infarction and acute injury was not performed.
However, previous studies have demonstrated that myocardial infarc-
tion is relatively rare in patients with COVID-19 [5]. Prospective studies
are needed assessing how earlier risk stratification with hsTnl and Gal-3
would impact treatment or outcomes; identification of high-risk groups
with cardiac biomarkers could lead to earlier escalation of therapies
such as dexamethasone and tocilizumab that are typically reserved for
patients requiring supplemental oxygen. A further limitation of this
study is that established biomarkers for risk stratification of COVID-19
such as C-reactive protein and d-dimer were not assessed, limiting our
ability to compare the utility of the multimarker panel used here relative
to previously established tools [29,30]. Notably, previous studies have
demonstrated a matrix effect of EDTA plasma relative to lithium heparin
using a Beckman hsTnl assay [31]. While not applicable to the Abbott
method used here, it is an important caveat for generalizing these study
results to other institutions. Finally, despite the diverse patient popu-
lation in this study, we were not sufficiently powered to assess Asian
race or Hispanic ethnicity in multivariate models. Further studies are
needed in these patient populations to further assess risk, particularly
using time-varying biomarkers.

In conclusion, we demonstrate that elevated hsTnl is an independent
predictor for 30-day mortality and 10-day intubation in patients pre-
senting to the ED for COVID-19. Serial hsTnl and Gal-3 determination
further increased the HR for adverse outcomes. These results support the
use of hsTnl for triaging patients with COVID-19.
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