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Abstract: Most studies investigating early risk predictors in coronavirus disease 19 (COVID-19)
lacked comparison with controls. We aimed to assess and directly compare outcomes and risk pre-
dictors at time of emergency department (ED) presentation in COVID-19 and controls. Consecutive
patients presenting to the ED with suspected COVID-19 were prospectively enrolled. COVID-19-
patients were compared with (i) patients tested negative (overall controls) and (ii) patients tested
negative, who had a respiratory infection (respiratory controls). Primary outcome was the composite
of intensive care unit (ICU) admission and death at 30 days. Among 1081 consecutive cases, 191
(18%) were tested positive for severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) and
890 (82%) were tested negative (overall controls), of which 323 (30%) had a respiratory infection
(respiratory controls). Incidence of the composite outcome was significantly higher in COVID-19
(23%) as compared with the overall control group (10%, adjusted-HR 2.45 (95%CI, 1.61–3.74), p <
0.001) or the respiratory control group (10%, adjusted-HR 2.93 (95%CI, 1.66–5.17), p < 0.001). Blood
oxygen saturation, age, high-sensitivity troponin, c-reactive protein, and lactate dehydrogenase
were identified as the strongest predictors of poor outcome available at time of ED presentation in
COVID-19 with highly comparable prognostic utility in overall and respiratory controls. In conclu-
sion, patients presenting to the ED with COVID-19 have a worse outcome than controls, even after
adjustment for differences in baseline characteristics. Most predictors of poor outcome in COVID-19
were not restricted to COVID-19, but of comparable prognostic utility in controls and therefore
generalizable to unselected patients with suspected COVID-19.
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1. Introduction

Coronavirus disease 2019 (COVID-19), caused by the severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2), is a global pandemic with a massive burden on
healthcare systems worldwide. Early and reliable risk prediction at time of emergency
department (ED) presentation is crucial to identify individuals at high risk of adverse out-
come events and allocate limited health care resources. Multiple national and international
medical associations have tried to define guidelines on triage criteria in COVID-19, which
have led to controversial discussions including ethical aspects [1–3].

Early studies from China, Italy, and the USA analyzed characteristics and the pre-
dictive value of clinical parameters [4–11]. Various laboratory parameters such as high
c-reactive protein (CRP), low albumin and leukocyte levels were found characteristic for
COVID-19 [8], whereas higher age, obesity, hypertension, and high CRP concentrations
were associated with poor outcome [10,12–18]. Overall, reported incidences of 30-day
mortality, intensive care unit (ICU) admission, acute respiratory distress syndrome (ARDS),
and intubation were high and varied widely between different regions and health care
systems [4,6,9–11]. In addition, particularly during the early phase of the COVID-19
pandemic, data on outcomes and predictive value of clinical characteristics were mainly
reported from heavily affected regions. Therefore, this data may not be generalizable to less
affected regions such as Central Europe or Japan. Furthermore, most of the existing data
was derived from retrospective registries enrolling exclusively patients with confirmed
COVID-19 [19,20] or comparing hospitalized COVID-19 patients with influenza patients
from the past three years [21–23]. To date, there is little literature that prospectively com-
pares COVID-19 with an adequate control group of patients presenting within the same
time period to the ED with diseases causing symptoms similar to COVID-19 (e.g., cough,
fever, dyspnea [4,8]). There is a large overlap in symptoms and clinical features observed in
COVID-19 and, for example, pneumonia, which complicates diagnosis and risk prediction
in those patients. To assess the predictive value of clinical parameters and test whether
they are COVID-19-specific or generalizable to unselected patients with similar symptoms
of acute respiratory infection, a control group is mandatory.

Therefore, our aim was to assess clinical characteristics, outcomes, and the predictive
value of clinical and laboratory parameters available at time of ED presentation in COVID-
19 patients and to compare them with controls presenting with similar symptoms but
no COVID-19 in a prospective setting. To support early clinical decision making, we
further aimed to develop a simple risk prediction score combining the most predictive
clinical parameters and to compare it with the already established CURB-65-Score for
pneumonia [24].

2. Materials and Methods
2.1. Study Design, Population, and Inclusion Criteria

The prospective, observational, COronaVIrus surviVAl (COVIVA, ClinicalTrials.gov
NCT04366765) cohort study included unselected patients aged 18 years and older present-
ing with clinically suspected or confirmed SARS-CoV-2 infection to the emergency depart-
ment of the University Hospital Basel, Switzerland, during the first wave of COVID-19
pandemic between 23 March 2020 and 7 June 2020. All patients underwent nasopharyn-
geal SARS-CoV-2 polymerase chain reaction (PCR) swab tests. Patients were considered
SARS-CoV-2 positive if one or multiple SARS-CoV-2 PCR swab tests performed at day of
ED presentation or within 14 days prior to or post ED presentation were positive in combi-
nation with clinical signs and symptoms. The remainders with only negative SARS-CoV-2
swab test results were considered as controls. All participating patients or their legally
authorized representatives consented by signing a local general consent form. This study
was conducted according to the principles of the Declaration of Helsinki and approved by
the local ethics committee (EKNZ identifier 2020-00566). The authors designed the study,
gathered, and analyzed the data according to the STROBE guidelines (Table S1), vouched
for the data and analysis, wrote the paper, and decided to submit it for publication [25].

ClinicalTrials.gov
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2.2. Clinical Assessment

All patients underwent a thorough clinical assessment by the treating ED physician
according to local standard operating procedures. Vital parameters including heart rate,
blood pressure, oxygen saturation, and respiratory rate were assessed in every patient. For
the interpretation of oxygen saturation, Basel is located 260 m above sea level.

2.3. Blood Sampling

Blood samples were routinely drawn in every patient (both COVID-19 and controls) at
time of ED presentation. Besides routine laboratory parameters, high-sensitivity troponin
T (hs-cTnT), N-terminal prohormone B-type natriuretic peptide (NT-proBNP), procalci-
tonin, and ferritin were measured for every patient as part of the local standard operating
procedure for suspected COVID-19 patients. Timing and type of subsequent laboratory
measurements during hospital stay were left to the discretion of the treating physicians
and were not part of this study protocol.

2.4. Follow-Up

Thirty days after discharge, patients were contacted by telephone or in written form by
research physicians or study nurses, and information about current health, hospitalizations,
and adverse outcome events was collected using a predefined set of questions and item-
checklists. Records of hospitals and primary care physicians as well as national death
registries were screened for additional information, if applicable.

2.5. Outcomes

The primary outcome measure aimed to reflect disease severity and was defined as the
composite of ICU admission or all-cause death at 30 days. Secondary outcomes included
death at 30 days, ICU admission, patient management, length of hospital stay as well as
incidence of intubation, hemodynamic support, ARDS during the index hospitalization
and rehospitalization for respiratory reasons at 30 days.

2.6. Adjudication of Final Diagnosis

To determine the final diagnosis that led to the index ED presentation and the clin-
ical suspicion of COVID-19, five trained physicians reviewed all medical data available
including 30 days post-discharge follow-up information. They chose from a predefined
list of diagnoses what best fit each patient. Each adjudication was primarily assigned
by one physician per patient only. However, all uncertain cases were discussed collec-
tively within the adjudicating team and final decision was made in the consensus by
majority vote. Predefined main categories included but were not limited to COVID-19, non-
SARS-CoV-2 infections (e.g., other respiratory, gastrointestinal, urogenital), cardiovascular
disease (acute coronary syndrome, rhythm disorder, congestive heart failure, pulmonary
embolism), other pulmonary non-infectious diseases (e.g., lung tumor, asthma, chronic
obstructive pulmonary disease), and neurologic diseases (e.g., stroke, seizure).

2.7. Statistical Analysis

Data are expressed as medians and interquartile range (IQR) for continuous vari-
ables, and as numbers and percentages (%) for categorical variables. All variables were
compared by Mann Whitney U test for continuous variables and Pearson chi-square or
Fisher’s exact test for categorical variables, as appropriate. In this analysis, COVID-19
patients were compared with two control groups: First, with unselected, SARS-CoV-2
negative patients (overall controls) and second with the subgroup of patients with acute
respiratory infections but no COVID-19 (respiratory controls, e.g., viral infection of the
upper airways, bacterial pneumonia). The primary composite outcome was plotted in
Kaplan-Meier curves, and the log-rank test was used to assess differences between groups.
A Cox proportion hazard model was used to assess the prognostic value of clinical pa-
rameters in COVID-19 compared with the controls in a univariable approach as well as
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adjusted for co-variables considered relevant for the clinical course in COVID-19 based on
existing literature and clinical judgement (i.e., cardiac disease, pneumopathy, overweight
(BMI > 25 kg/m2), diabetes, active smoking, CRP, and blood oxygen saturation at time of
ED presentation) in a multivariable approach. For the derivation of a multivariable risk
score, best performing demographic parameters, comorbidities, symptoms, vital signs, and
laboratory parameters in univariable analysis were considered as candidates in multivari-
able models. Collinearity was assessed by the variance inflation factor, accepting levels
<2 for inclusion in multivariable analysis. In case of collinearity between variables, the
selection of the variable entering the multivariable model was based on availability and
relevance in clinical practice as well as performance in the univariable model. Given the
limited sample size, a maximal number of ten co-variables were included in the initial
multivariable Cox proportion hazard model. Independent predictors were then identified
using a stepwise-backward selection process on the unaltered variables. We used the
Youden-index and visual classifications to define optimal cut-off values and weighted the
impact of the predictors based on coefficients obtained by binary logistic regressions. For
missing values, multiple imputation was applied for variables with maximally 15% of
missing data (Table S2). As predictor measures for the multiple imputation, we used seven
additional variables (age, sex, coronary artery disease, diabetes, creatinine, leukocytes,
and the primary composite outcome measure). Rubin’s rule was used to combine the
results [26]. To assess the discriminative performance of the newly derived score for the
primary composite outcome measure as well as 30-day mortality, we calculated the area
under the receiver operating characteristic curve (AUROC) for all the variables embedded
in the score separately as well as for the score itself. A value of 0.5 indicates no predictive
ability, a value of 0.8 is considered good, and 1.0 is perfect. We plotted model calibration
curves to examine agreement between predicted and observed risk across deciles of event
risk to determine the presence of over- or underprediction. The newly derived score was
compared with the established CURB-65-Score (Confusion, Urea, Respiratory rate, Blood
pressure, age ≥65) for pneumonia using AUROC and categorized net reclassification im-
provement (NRI) [27,28]. The CURB-65-Score was designed to estimate the risk of mortality
for community acquired pneumonia (CAP) and is still recommended for predicting the
outcome of CAP [24,29]. For NRI calculation, the CURB-65-Score was categorized in low
(0–1 points), intermediate (2 points), and high risk (3–5 points) as suggested by Ebell [30].
The two scores were compared in COVID-19, respiratory controls, and in COVID-19 and
respiratory controls combined, because this combination matches the group of patients
the most accurately, that would qualify for a risk prediction with the CURB-65-Score at
the ED. For the direct comparison of the primary composite endpoint in COVID-19 and
controls, p-values of less than 0.05 were considered significant. No correction for multiple
testing was applied. Statistical analyses were performed using IBM SPSS Statistics for
Windows, version 27.0 (IBM Corp., Armonk, NY, USA) and MedCalc for Windows, version
19.8 (MedCalc Software, Ostend, Belgium).

3. Results
3.1. Baseline Characteristics in COVID-19 and Controls

Overall, 1202 cases of patients presenting with symptoms suggesting COVID-19 were
screened and 1086 were enrolled in this study from 23 March 2020 to 7 June 2020. Follow-up
30 days after discharge was completed in 1081 cases. COVID-19 was confirmed in 191 cases
(18%). Among the 890 cases (82%) without COVID-19 (overall controls), 323 cases (30%)
were diagnosed with an acute respiratory infection other than COVID-19 (respiratory
controls, Figure S1).

The demographic and clinical characteristics of COVID-19 patients and controls are
shown in Table 1. Median age was 59 years (IQR, 42–73) and 469 (43%) were females with
no significant differences between the three groups. Prevalence of most comorbidities and
cardiovascular risk factors did not differ between the three groups, except for cardiac dis-
ease, atrial fibrillation, pneumopathy, overweight, and smoking, which were less frequent
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in COVID-19. Patients with COVID-19 presented to the ED later after symptom onset
(median 7 days, (IQR, 3–11) as compared with overall controls (median 3 days, (IQR, 2–8))
or respiratory controls (median 4 days, (IQR, 2–9)). The most common symptoms at ED
presentation were cough and dyspnea. Cough was prevalent in 66% in COVID-19 versus
52% in overall controls (p = 0.001) and 75% in respiratory controls (p = 0.03). Dyspnea
was reported in 42% in COVID-19 versus 49% in overall controls (p = 0.088) and 57% in
respiratory controls (p = 0.001). Vital signs at time of ED presentation were comparable
in all three groups. In contrast, notable differences in the laboratory parameters were
observed between the three groups: In COVID-19, leukocyte and lymphocyte levels were
significantly lower, while CRP, ferritin, and lactate dehydrogenase (LDH) levels were
significantly higher than in the overall and respiratory controls.

Table 1. Baseline characteristics in COVID-19 and controls.

Measures
COVID-19 Overall Controls

p-Value 1
Respiratory Controls

p-Value 2
n = 191 n = 890 n = 323

Demographics

Age—years 57 (44–69) 59 (41–74) 0.365 58 (42–71) 0.999

Female 84 (44) 385 (43) 0.855 142 (44) 0.997

Comorbidities–no (%)

Cardiac disease 38 (20) 261 (29) 0.008 92 (28) 0.030

Valvular cardiopathy 8 (4) 54 (6) 0.311 16 (5) 0.691

Coronary artery disease 21 (11) 131 (15) 0.179 43 (13) 0.442

Prior myocardial infarction 9 (5) 70 (8) 0.129 22 (7) 0.334

Atrial fibrillation 9 (5) 91 (10) 0.017 33 (10) 0.028

Hypertension 81 (42) 367 (41) 0.765 142 (44) 0.731

Overweight 74 (39) 278 (31) 0.045 91 (28) 0.013

Diabetes 36 (19) 145 (16) 0.391 53 (16) 0.480

Ever smoker 58 (30) 361 (41) 0.009 159 (49) <0.001

-Active smoker 20 (10) 209 (23) <0.001 98 (30) <0.001

-Packyears > 20 18 (9) 164 (18) 0.003 80 (25) <0.001

Pneumopathy 37 (19) 267 (30) 0.003 127 (39) <0.001

-Asthma 25 (13) 112 (13) 0.849 54 (17) 0.270

-COPD 9 (5) 110 (12) 0.002 58 (18) <0.001

Hepatopathy 14 (7) 104 (12) 0.080 37 (11) 0.131

CKD 26 (14) 145 (16) 0.357 39 (12) 0.612

Stroke 10 (5) 70 (8) 0.208 19 (6) 0.759

Cancer 17 (9) 93 (10) 0.521 30 (9) 0.883

Immunodeficiency 11 (6) 56 (6) 0.782 25 (8) 0.395

Symptoms at ED

Symptom duration before
ED—days 7 (3–11) 3 (2–8) <0.001 4 (2–9) 0.002

Cough 126 (66) 465 (52) 0.001 242 (75) 0.030

Dyspnea 81 (42) 438 (49) 0.088 185 (57) 0.001
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Table 1. Cont.

Measures
COVID-19 Overall Controls

p-Value 1
Respiratory Controls

p-Value 2
n = 191 n = 890 n = 323

Vital signs at ED

Systolic BP—mmHg 135 (122–148.5) 137 (121–156) 0.103 139 (122–155) 0.041

Diastolic BP—mmHg 82 (71–90) 81 (72–90) 0.758 82 (73–89) 0.988

Heart rate—/min 89 (80–103) 88 (75–103) 0.252 90 (76–104) 0.967

Blood oxygen saturation—% 97 (94–98) 97 (95–98) 0.009 97 (95–98) 0.274

Respiratory rate—/min 20 (16–24) 18 (16–23) 0.034 19 (16–23) 0.290

Temperature—◦C 37.1 (36.8–38) 37.0 (36.5–37.7) 0.001 37.0 (36.6–37.5) 0.009

Laboratory parameters at ED

Leukocytes—G/L 6.27 (4.95–8.34) 8.82 (6.82–11.70) <0.001 9.08 (7.12–11.69) <0.001

Lymphocytes—% 19.15
(11.85–26.85) 17.15 (9.80–26.60) 0.072 18.35 (9.45–26.85) 0.246

Lymphocytes absolute—G/L 1.07 (0.72–1.57) 1.47 (0.90–2.08) <0.001 1.60 (1.00–2.19) <0.001

Thrombocytes—G/L 218 (177–277) 240 (196–291) 0.004 249 (205–294) <0.001

CRP—mg/dL 28.9 (2.6–73.4) 7.6 (1.2–47.6) <0.001 9.0 (1.4–48.5) 0.001

Ferritin—µg/L 387 (164–823) 163 (85–329) <0.001 162 (85–296) <0.001

eGFR—mL/min/1.73 m2 93 (68–103) 89 (68–106) 0.708 92 (72–109) 0.109

Sodium—mmol/L 137 (134–140) 139 (136–141) 0.001 138 (136–141) 0.001

Potassium—mmol/L 3.9 (3.7–4.2) 4 (3.8–4.3) 0.027 4 (3.7–4.3) 0.119

LDH—U/L 254 (201–352) 215 (186–259) <0.001 209 (185–254) <0.001

ASAT—U/L 32 (23–45) 26 (21–33) <0.001 26 (21–33) <0.001

Albumin—g/L 34 (30–38) 37 (32–40) <0.001 37 (32–40) <0.001

Hs-cTnT—ng/L 7 (4–14) 9 (4–22) 0.033 7 (4–17) 0.573

NT-proBNP—pg/mL 77 (49–242) 115 (49–462) 0.019 97 (49–272) 0.359
1 p-value for comparison of COVID-19 with overall controls; 2 p-value for comparison of COVID-19 with respiratory controls. Continuous
variables were compared using the Mann-Whitney-U test, and categorical variables using the Pearson χ2 test or Fisher’s exact test, as
appropriate; missing variables are listed in Supplementary Table S2. Values are numbers (percentages) or median (interquartile range);
COVID-19 = coronavirus disease 2019, COPD = chronic obstructive pulmonary disease, CKD = chronic kidney disease, ED = emergency
department, BP = blood pressure, CRP = c-reactive protein, eGFR = estimated glomerular filtration rate, LDH = lactate dehydrogenase,
ASAT = aspartate aminotransferase, hs-cTnT = high-sensitivity troponin T, NT-proBNP = N-terminal prohormone B-type natriuretic peptide.

3.2. Patient Management and Outcome in COVID-19 and Controls

In COVID-19, 60% of patients were managed as inpatients compared with 50% in
the overall controls (p = 0.014) and 43% in the respiratory controls (p < 0.001). Among
inpatients, median length of stay was 7 days (IQR, 4–13) in COVID-19 versus 6 days (IQR,
3–10) in both controls (p = 0.013 and p = 0.003, respectively). Baseline characteristics of
inpatients only can be found in Table S3 in the Supplementary Materials. Among inpatients,
COVID-19 was associated with younger age, fewer comorbidities, and higher acute phase
proteins as compared to hospitalized overall controls and respiratory controls.

Incidence of the primary composite outcome, consisting of ICU admission and death
at 30 days, was higher in COVID-19 (44/191, 23%) than in the overall controls (87/890, 10%,
log-rank p-value < 0.001) or the respiratory controls (31/323, 10%, log-rank p-value < 0.001,
Table 2, Figure 1). In COX proportional hazard analysis, COVID-19 was associated with
an increased risk of the primary composite outcome versus overall controls (unadjusted
HR 2.52 (95%CI, 1.75–3.62), p < 0.001) and versus respiratory controls (unadjusted HR
2.55 (95%CI, 1.61–4.04), p < 0.001), respectively, which persisted even after adjustment
for cardiac disease, pneumopathy, overweight, diabetes, active smoking, CRP and blood
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oxygen saturation at time of ED presentation (for comparison with overall controls, adjusted
HR 2.45 (95%CI, 1.61–3.74), p < 0.001; for comparison with respiratory controls, adjusted
HR 2.93 (95%CI, 1.66–5.17), p < 0.001).

Table 2. Patient management and outcomes in COVID-19 and controls.

Measures
COVID-19 Overall Controls

p-Value 1
Respiratory Controls

p-Value 2
n = 191 n = 890 n = 323

Patient management—no (%)

Outpatient 77 (40) 446 (50)
0.014

185 (57)
<0.001

Inpatient 114 (60) 444 (50) 138 (43)

Length of hospital stay—days

-Overall 4 (0–9) 0 (0–6) <0.001 0 (0–5) <0.001

-Inpatients 7 (4–13) 6 (3–10) 0.013 6 (3–10) 0.003

Clinical course and outcomes

ICU admission or death at 30 days 44 (23) 87 (10) <0.001 31 (10) <0.001

Death at 30 days 13 (7) 34 (4) 0.063 13 (4) 0.167

ICU admission 40 (21) 63 (7) <0.001 23 (7) <0.001

-Days at ICU 9 (4–16.5) 2 (1–4) <0.001 3 (1.5–8.5) <0.001

Intubation 30 (16) 23 (3) <0.001 15 (5) <0.001

-Days intubated 9 (6–12) 2 (1–7) <0.001 3 (1–8) <0.001

Hemodynamic support 28 (15) 26 (3) <0.001 14 (4) <0.001

ARDS 26 (14) 6 (1) <0.001 4 (1) <0.001

Rehospitalisation for respiratory
reasons at 30 days 4 (2) 10 (1) 0.278 3 (1) 0.268

1 p-value for comparison of COVID-19 with overall controls; 2 p-value for comparison of COVID-19 with respiratory controls; Mann-
Whitney-U test was used to compare continuous variables, Pearson χ2 test to compare patient management, and log-rank test to compare
incidence of events at 30 days. Values are numbers (percentages) or median (interquartile range); COVID-19 = coronavirus disease 2019,
ICU = intensive care unit, ARDS = acute respiratory distress syndrome.

In COVID-19, incidence of ICU admission was 21%, 14% developed a documented
ARDS, 15% needed hemodynamic support, and 16% needed intubation. In overall controls
only 7% were admitted to the ICU, 1% developed ARDS, 3% needed hemodynamic support,
and 3% needed intubation. In respiratory controls, only 7% were admitted to the ICU, 1%
developed ARDS, 4% needed hemodynamic support, and 5% needed intubation. In COVID-
19, 30-day mortality was 7% compared to 4% in both controls (p-values not significant,
Figure S2).

3.3. Direct Comparison of Clinical Characteristics between Outcomes in COVID-19 and Controls

Table 3 displays the baseline characteristics with respect to the incidence of the primary
composite outcome at 30 days in COVID-19 and controls. Higher age was associated with
a poor outcome in all three groups. In contrast, overweight was identified as a significant
risk predictor only in COVID-19 but not in controls with a two-fold higher prevalence of
overweight in patients with poor outcome than in event-free patients (61% versus 32%,
p < 0.001). Patients with a poor outcome presented to the ED sooner after symptom
onset in all three groups, while prevalence of cough and dyspnea did not differ between
events and non-events in all three groups. Median respiratory rates were higher and blood
oxygen saturation was lower in patients with poor outcome in all three groups. Multiple
laboratory parameters showed substantial differences between events and non-events
in all three groups including leukocytes, lymphocytes, CRP, ferritin, LDH, hs-cTnT, and
NT-proBNP. E.g., in COVID-19, median CRP levels were 15.6 mg/dL (IQR 1.6–46.7) in
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event-free survivors as compared to 112.6 mg/dL (IQR 47.6–162.7) in patients with the
primary composite outcome (p < 0.001).

Figure 1. Event curve for ICU admission and death at 30 days in COVID-19 and controls. First panel shows incidence of
ICU admission and death at 30 days for COVID-19 vs. overall controls. Second panel shows incidence of ICU admission
and death at 30 days for COVID-19 vs. respiratory controls, adjustments were made for cardiac disease, pneumopathy,
overweight, diabetes, active smoking, CRP, and blood oxygen saturation; ICU = intensive care unit, COVID-19 = coronavirus
disease 2019, HR = hazard ratio, CI = confidence interval, CRP = c-reactive protein.
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Table 3. Baseline characteristics according to the primary composite outcome of admission to intensive care or death at 30
days in COVID-19 and controls.

Measures

COVID-19

p-Value 1

Overall Controls

p-Value 1

Respiratory Controls

p-Value 1n = 191 n = 890 n = 323

Composite Outcome Composite Outcome Composite Outcome

yes no yes no yes no

n = 44 n = 147 n = 87 n = 803 n = 31 n = 292

Demographics

Age—years 66 (58–74) 54 (41–64) <0.001 71 (60–79) 57 (39–73) <0.001 70 (60–77) 56 (40–69.5) 0.001

Female 14 (32) 70 (48) 0.064 35 (40) 350 (44) 0.548 12 (39) 130 (45) 0.535

Comorbidities—no (%)

Cardiac disease 19 (43) 19 (13) <0.001 53 (61) 208 (26) <0.001 21 (68) 71 (24) <0.001

Valvular cardiopathy 4 (9) 4 (3) 0.064 11 (13) 43 (5) 0.007 3 (10) 13 (4) 0.202

Coronary artery
disease 11 (25) 10 (7) 0.001 27 (31) 104 (13) <0.001 7 (23) 36 (12) 0.11

Prior myocardial
infarction 4 (9) 5 (3) 0.118 20 (23) 50 (6) <0.001 4 (13) 18 (6) 0.157

Atrial fibrillation 6 (14) 3 (2) 0.001 20 (23) 71 (9) <0.001 11 (35) 22 (8) <0.001

Hypertension 27 (61) 54 (37) 0.004 57 (66) 310 (39) <0.001 21 (68) 121 (41) 0.005

Overweight 27 (61) 47 (32) <0.001 34 (39) 244 (30) 0.096 12 (39) 79 (27) 0.17

Diabetes 14 (32) 22 (15) 0.012 24 (28) 121 (15) 0.003 10 (32) 43 (15) 0.012

Ever smoker 17 (39) 41 (28) 0.174 40 (46) 321 (40) 0.279 19 (61) 140 (48) 0.158

-Active smoker 2 (5) 18 (12) 0.143 24 (28) 185 (23) 0.342 13 (42) 85 (29) 0.14

-Packyears > 20 8 (18) 10 (7) 0.023 25 (29) 139 (17) 0.009 13 (42) 67 (23) 0.02

Pneumopathy 9 (20) 28 (19) 0.836 27 (31) 240 (30) 0.825 12 (39) 115 (39) 0.942

-Asthma 4 (9) 21 (14) 0.37 2 (2) 110 (14) 0.002 0 (0) 54 (18) 0.009

-COPD 5 (11) 4 (3) 0.018 14 (16) 96 (12) 0.265 9 (29) 49 (17) 0.091

Hepatopathy 2 (5) 12 (8) 0.419 24 (28) 80 (10) <0.001 9 (29) 28 (10) 0.001

CKD 14 (32) 12 (8) <0.001 29 (33) 116 (14) <0.001 10 (32) 29 (10) <0.001

Stroke 4 (9) 6 (4) 0.191 14 (16) 56 (7) 0.003 5 (16) 14 (5) 0.011

Cancer 7 (16) 10 (7) 0.063 18 (21) 75 (9) 0.001 7 (23) 23 (8) 0.007

Immunodeficiency 3 (7) 8 (5) 0.731 9 (10) 47 (6) 0.101 4 (13) 21 (7) 0.258

Symptoms at ED

Symptom duration
before ED—days 4 (2–10) 7 (3–11) 0.047 2 (1–3) 3 (2–9) <0.001 3 (2–3) 5 (2–10) 0.001

Cough 25 (57) 101 (69) 0.144 40 (46) 425 (53) 0.218 16 (52) 226 (77) 0.002

Dyspnea 21 (48) 60 (41) 0.416 45 (52) 393 (49) 0.622 20 (65) 165 (57) 0.391

Vital signs at ED

Systolic BP—mmHg 133
(111–149)

135
(123–148) 0.288 123

(106–151)
138

(122–156) <0.001 128
(106–154)

140
(124–155) 0.074

Diastolic
BP—mmHg 76 (63–90) 83 (74–89) 0.037 72 (63–82) 81 (73–90) <0.001 77 (65–85) 82 (73–89) 0.02

Heart rate—/min 91 (82–110) 88 (80–102) 0.293 100 (81–118) 87 (74–101) <0.001 110 (77–125) 89 (76–103) 0.018

Blood oxygen
saturation—% 93 (89–96) 97 (95–98) <0.001 96 (93–99) 97 (96–98) 0.015 94 (90–96) 97 (95–98) <0.001

Respiratory
rate—/min 24 (20–28) 19 (16–23) <0.001 21 (16–25) 18 (16–22) 0.001 25 (21–30) 19 (16–22) <0.001

Temperature—◦C 37.1
(36.5–38.3)

37.1
(36.8–38) 0.68 37.2

(36.9–38.2)
37

(36.5–37.6) 0.007 37.35
(36.9–38.8)

37
(36.6–37.5) 0.044

Laboratory parameters
at ED

Leukocytes—G/L 7.63
(5.79–10.53)

6.04
(4.65–7.55) 0.002 11.70

(7.77–14.92)
8.67

(6.79–11.21) <0.001 12.535
(8.52–16.53)

8.87
(7.09–11.185) 0.001

Lymphocytes—% 11.4
(6.5–19.4)

21.2
(13.7–28.5) <0.001 9.5 (5.4–14.4) 18.4

(10.5–27.3) <0.001 7.6 (5.1–12.9) 20.1
(11.1–28) <0.001

Lymphocytes
absolute—G/L

0.77
(0.57–1.31)

1.14
(0.84–1.65) <0.001 1.06

(0.79–1.39)
1.53

(0.93–2.14) <0.001 1.03
(0.67–1.36)

1.67
(1.06–2.22) <0.001

Thrombocytes—G/L 208
(146–274)

219
(180–279) 0.193 223

(178–316)
241

(197–287) 0.428 231.5
(186–313)

252
(208–291) 0.556

CRP—mg/dL 112.6
(47.6–162.7)

15.6
(1.6–46.7) <0.001 40.1

(10.8–113.8) 6.4 (1.1–40.6) <0.001 86.1
(34.7–129.9) 6.1 (1.3–35.4) <0.001
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Table 3. Cont.

Measures

COVID-19

p-Value 1

Overall Controls

p-Value 1

Respiratory Controls

p-Value 1n = 191 n = 890 n = 323

Composite Outcome Composite Outcome Composite Outcome

yes no yes no yes no

n = 44 n = 147 n = 87 n = 803 n = 31 n = 292

Laboratory parameters
at ED

Ferritin—µg/L 1206
(441–2097)

306
(132–612) <0.001 263

(119–515) 159 (84–308) 0.001 212
(104–283) 159 (85–300) 0.432

eGFR—mL/min/
1.73 m2 67 (41–98) 95 (77–105) <0.001 72 (44–88) 91 (72–107) <0.001 70 (48–91) 93.5 (75–110) 0.001

Sodium—mmol/L 136
(134–139)

137
(134–140) 0.31 138

(135–142)
139

(136–141) 0.772 136
(133–139)

139
(136–141) 0.057

Potassium—mmol/L 4.1 (3.7–4.6) 3.9 (3.7–4.1) 0.181 4 (3.7–4.5) 4 (3.8–4.3) 0.284 4.2 (3.6–4.5) 4 (3.8–4.2) 0.299

LDH—U/L 420
(299–531)

236
(193–300) <0.001 295

(236–381)
209

(184–247) <0.001 315
(237–364)

207
(184–242) <0.001

ASAT—U/L 45 (36–64) 28 (22–40) <0.001 33 (24–56) 26 (21–32) <0.001 34 (22–50) 26 (21–32) 0.079

Albumin—g/L 29 (26–33) 35 (31–38) <0.001 31 (25.5–35) 37 (33–40) <0.001 29 (25–34) 38 (33–40) <0.001

Hs-cTnT—ng/L 18 (9–40) 6 (4–12) <0.001 34 (20–83) 8 (4–18) <0.001 30 (21–51) 6 (4–15) <0.001

NT-proBNP—pg/mL
350

(82–1909) 63 (49–145) <0.001 945
(286–4577) 96 (49–351) <0.001 2287

(446–11052) 81 (49–208) <0.001

1 p-values for comparison of clinical characteristics regarding the primary composite outcome, continuous variables were compared using
the Mann-Whitney-U test, and categorical variables using the Pearson χ2 test or Fisher’s exact test, as appropriate; Values are numbers
(percentages) or median (interquartile range); COVID-19 = coronavirus disease 2019, COPD = chronic obstructive pulmonary disease,
CKD = chronic kidney disease, ED = emergency department, BP = blood pressure, CRP = c-reactive protein, eGFR = estimated glomerular
filtration rate, LDH = lactate dehydrogenase, ASAT = aspartate aminotransferase, hs-cTnT = high-sensitivity troponin T, NT-proBNP =
N-terminal prohormone B-type natriuretic peptide.

3.4. Predictive Value of Clinical Parameters in COVID-19 and Controls

The predictive value of a wide range of clinical parameters in COVID-19 as well as in
overall controls and respiratory groups, as assessed using univariable COX proportional
hazard analysis for the primary composite outcome, is displayed in Table 4 and Figure 2.
Of note, the predictive value of most clinical variables was highly comparable between
COVID-19 and both controls. E.g., higher age was associated with an increased risk of the
primary outcome in COVID-19 (HR per decade 1.42 (95%CI, 1.18–1.71)), but also in overall
controls (HR per decade 1.35 (95%CI, 1.20–1.52)), and respiratory controls (HR per decade
1.35 (95%CI, 1.11–1.66)).

Table 4. Predictive value of clinical parameters at ED presentation for incidence of ICU admission or death at 30 days in
COVID-19 and controls.

Measures
COVID-19 Overall Controls Respiratory Controls

HR (95%CI) HR (95%CI) HR (95%CI)

Demographics

Age in decades 1.42 (1.18–1.71) 1.35 (1.20–1.52) 1.35 (1.11–1.66)

Female 0.57 (0.30–1.08) 0.88 (0.57–1.34) 0.79 (0.39–1.63)

Comorbidities

Cardiac disease 3.58 (1.97–6.52) 4.00 (2.60–6.15) 5.67 (2.67–12.05)

Coronary artery disease 3.20 (1.62–6.35) 2.75 (1.74–4.33) 1.99 (0.86–4.61)

Atrial fibrillation 3.74 (1.58–8.86) 2.76 (1.68–4.55) 5.28 (2.53–11.03)

Hypertension 2.30 (1.25–4.22) 2.81 (1.81–4.37) 2.76 (1.30–5.85)

Overweight 2.70 (1.47–4.96) 1.44 (0.94–2.22) 1.64 (0.79–3.37)

Diabetes 2.09 (1.11–3.94) 2.03 (1.27–3.25) 2.52 (1.19–5.34)

Ever smoker 1.49 (0.81–2.73) 1.26 (0.83–1.92) 1.66 (0.81–3.42)
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Table 4. Cont.

Measures
COVID-19 Overall Controls Respiratory Controls

HR (95%CI) HR (95%CI) HR (95%CI)

Comorbidities

-Packyears > 20y 2.34 (1.09–5.04) 1.83 (1.15–2.91) 2.27 (1.11–4.64)

COPD 2.86 (1.13–7.25) 1.38 (0.78–2.44) 1.89 (0.87–4.11)

CKD 3.37 (1.79–6.37) 2.69 (1.72–4.21) 3.78 (1.78–8.02)

Cancer 2.04 (0.91–4.59) 2.27 (1.35–3.82) 3.03 (1.31–7.04)

Immunodeficiency 1.18 (0.37, 3.82) 1.76 (0.88, 3.50) 1.81 (0.63, 5.17)

Symptoms at ED

Symptom duration before ED—days 0.97 (0.92–1.02) 0.84 (0.77–0.92) 0.78 (0.66–0.93)

Cough 0.65 (0.36–1.18) 0.77 (0.51–1.17) 0.34 (0.17–0.68)

Dyspnea 1.26 (0.70–2.27) 1.12 (0.73–1.70) 1.38 (0.66–2.87)

Vital signs at ED – per unit increase

Systolic BP 0.99 (0.97–1.01) 0.98 (0.97–0.99) 0.98 (0.96–0.99)

Diastolic BP 0.97 (0.94–0.99) 0.97 (0.96–0.98) 0.98 (0.96–0.99)

Heart rate 1.01 (0.99–1.03) 1.03 (1.02–1.04) 1.03 (1.01–1.05)

Blood oxygen saturation 0.92 (0.90–0.95) 0.92 (0.89–0.95) 0.85 (0.80–0.89)

Respiratory rate 1.11 (1.05–1.17) 1.09 (1.05–1.12) 1.14 (1.09–1.19)

Temperature 0.93 (0.62–1.40) 1.39 (1.11–1.74) 1.76 (1.20–2.58)

Laboratory parameters—per decades

Leukocytes 1.534 (1.158–2.031) 2.434 (1.759–3.369) 2.708 (1.604–4.572)

Lymphocytes 0.523 (0.363–0.752) 0.465 (0.359–0.603) 0.299 (0.177–0.508)

Lymphocytes absolute 1.259 (0.707–2.242) 0.017 (0.001–0.287) 0.002 (0.000–0.317)

Thrombocytes 0.984 (0.950–1.020) 1.000 (0.976–1.024) 0.980 (0.936–1.027)

CRP 1.105 (1.072–1.140) 1.065 (1.042–1.088) 1.094 (1.060–1.129)

Ferritin 1.001 (1.001–1.002) 1.004 (1.001–1.007) 1.006 (0.998–1.014)

eGFR 0.809 (0.735–0.890) 0.842 (0.785–0.902) 0.865 (0.763–0.980)

LDH 1.035 (1.025–1.045) 1.011 (1.009–1.014) 1.009 (1.006–1.013)

ASAT 1.025 (1.010–1.039) 1.024 (1.016–1.033) 1.076 (1.034–1.119)

Hs-cTnT 1.110 (1.064–1.157) 1.005 (1.004–1.007) 1.004 (1.002–1.007)

NT-proBNP 1.001 (1.000–1.002) 1.000 (1.000–1.001) 1.000 (1.000–1.001)

ED = emergency department, ICU = intensive care unit, COVID-19 = coronavirus disease 2019, HR = hazard ratio, CI = confidence interval,
COPD = chronic obstructive pulmonary disease, CKD = chronic kidney disease, BP = blood pressure, CRP = c-reactive protein, eGFR =
estimated glomerular filtration rate, LDH = lactate dehydrogenase, ASAT = aspartate aminotransferase, hs-cTnT = high-sensitivity troponin
T, NT-proBNP = N-terminal prohormone B-type natriuretic peptide.

In multivariable COX proportional hazard analysis, high levels of CRP, hs-cTnT,
and LDH as well as low blood oxygen saturation, and older age were identified as the
strongest predictors of poor outcome in COVID-19. Based on these five widely available
variables, we developed the COLT-58-Score (CRP, Oxygen Saturation, LDH, Troponin,
Age > 58). One point was assigned for CRP > 50 mg/dL, LDH > 275 U/L, hs-cTnT >
14 ng/L, and age > 58 years, each. As blood oxygen saturation was the strongest predictor
in the multivariable Cox proportional hazard analysis, it was categorized into three instead
of two groups (Figure S3). One point was assigned for oxygen saturations at time of
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ED presentation ranging between 91–96% and two points for oxygen saturations < 91%,
accounting for a summed overall score ranging from 0–6 points (Table 5).

Figure 2. Forest plots for HR of clinical parameters for ICU admission and death at 30 days in COVID-19, overall controls,
and respiratory controls. X-axis shows HR in logarithmic scaling. Higher HR suggests higher association with poor
outcome; COVID-19 = coronavirus disease 2019, CKD = chronic kidney disease, hs-cTnT = high-sensitivity troponin T, CRP
= c-reactive protein, LDH = lactate dehydrogenase, HR = hazard ratio, ICU = intensive care unit, CI = confidence interval.

Table 5. COLT-58-Score.

Letter Risk Factor Score

C CRP >50 mg/dL +1

O Oxygen saturation
91–96% +1

<91% +2

L LDH >275 U/L +1

T High-sensitivity Troponin T >14 ng/L +1

58 Age >58 years +1
C, represents CRP, O, represents Oxygen saturation, L, represents LDH, T, represents high-sensitivity Troponin T,
58 represents age >58 years; CRP = c-reactive protein, LDH = lactate dehydrogenase.

The COLT-58-Score resulted in high discriminative accuracy for the prediction of the
primary composite outcome in COVID-19 (AUROC 0.88 (95%CI, 0.83–0.94)), which was
superior to all its single components and even higher for the prediction of 30-day mortality
(AUROC 0.94 (95%CI, 0.90–0.98), Figure 3). In overall controls, the COLT-58-Score also resulted
in high discriminative accuracy for the primary outcome (AUROC 0.79 (95%CI, 0.74–0.84))
and for 30-day mortality (AUROC 0.85 (95%CI, 0.80–0.90)), but lower than in COVID-19.
Similarly, in respiratory controls, the COLT-58-Score resulted in high discriminative accuracy
for the primary outcome (AUROC 0.85 (95%CI, 0.79–0.91)) and for 30-day mortality (AUROC
0.88 (95%CI, 0.80–0.96)), but lower than in COVID-19 (Figure S4).
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Figure 3. Predictive performance of the COLT-58-Score and its components in COVID-19. Left panel shows the AUROC for
the primary composite outcome consisting of ICU admission and death at 30 days for the COLT-58-Score, CRP, LDH, SaO2,
hs-cTnT, and age in COVID-19; Right panel shows the AUROC for death at 30 days for the COLT-58-Score, CRP, LDH, SaO2,
hs-cTnT, and age; COVID-19 = coronavirus disease 2019, AUROC = area under the receiver operating characteristic curve,
ICU = intensive care unit, CI = confidence interval, CRP = c-reactive protein, LDH = lactate dehydrogenase, SaO2 = blood
oxygen saturation, hs-cTnT = high-sensitivity troponin T.

Figure 4 shows the frequency distribution of the COLT-58-Score and the associated
risk of the primary composite outcome at 30 days for each score value in COVID-19. E.g.,
COVID-19-patients with a summed score of 0 had a 0% (95%CI, 0–6.6%) risk of poor
outcome, whereas patients with a maximum summed score of 6 had a risk of 87.5% (95%CI,
52.9–97.8%). To assess the level of calibration, high correlation between estimated and ob-
served risk was documented (r2 = 0.97, an intercept of –0.89 and a slope of 1.01). Diagnostic
performance measures of multiple cut-off criteria for the COLT-58-Score regarding rule-out
and rule-in are listed in Table 6.

3.5. Comparison of the COLT-58-Score with the CURB-65-Score

To further assess the clinical utility of the COLT-58-Score, we directly compared it
with the well-established CURB-65-Score in COVID-19, respiratory controls, and patients
with any respiratory infection (COVID-19 plus respiratory controls) using AUROC and
the NRI (Figure S5, Table S4). The COLT-58-Score was categorized in low (0–2 points),
intermediate (3–4 points), and high risk (5–6 points) for the calculation of the NRI. For
prediction of the primary composite outcome in COVID-19, the COLT-58-Score showed
significantly higher discriminative accuracy than the CURB-65-Score (AUROC 0.88 (95%CI,
0.83–0.94) versus AUROC 0.77 (95%CI, 0.69–0.86), p < 0.001) and significantly improved
reclassification (NRI 30.04%, p = 0.013). Similarly, in patients with any respiratory infection,
the COLT-58-Score showed significantly higher discriminative accuracy than the CURB-65-
Score (AUROC 0.87 (95%CI, 0.83–0.91)) versus AUROC 0.77 (95%CI, 0.71–0.83), p < 0.001)
and significantly improved reclassification (NRI 26.92%, p = 0.003) for the prediction of the
primary composite outcome. In respiratory controls, the CURB-65-Score and the COLT-58-
Score showed comparable classification with no significant difference in AUROC or the
NRI. Similarly, no significant differences between the two scores were observed for the



J. Clin. Med. 2021, 10, 2672 14 of 19

prediction of 30-day mortality in all three groups, however the COLT-58-Score showed
numerically higher discriminative accuracy in AUROC.

Figure 4. Characteristics of the COLT-58-Score in COVID-19. Upper panel shows distribution of
patients for the respective score value. Middle panel shows the incidence of the primary composite
outcome of ICU admission and death at 30 days for the respective score value. Lower panel shows
the plotted calibration curve, x-axis shows the predicted probability, y-axis shows the observed
probability of the primary composite outcome of ICU admission and death at 30 days; ICU =
intensive care unit.
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Table 6. Performance metrics of the COLT-58-Score to rule out and rule in endpoints at different cut-off values in COVID-19.

Cut-off
Value

No of
Patients (%)

Sensitivity 1

-% (95% CI)
NPV 1

-% (95% CI)
Specificity 1

-% (95% CI)
PPV 1

-% (95% CI)
Composite

Outcome -%
Death at
30d -%

Rule-out

0 54 (28.3) 100
(92–100)

100
(93.4–100)

36.7
(29.4–44.8)

32.1
(24.9–40.3) 0 0

≤1 82 (42.9) 95.5
(84.9–98.7)

97.6
(91.5–99.3)

54.4
(46.4–62.3)

38.5
(29.9–47.9) 2.4 0

≤2 111 (58.1) 88.6
(76–95)

95.5
(89.9–98.1)

72.1
(64.4–78.7)

48.8
(38.1–59.5) 4.5 0

≤3 142 (74.3) 70.5
(55.8–81.8)

90.8
(85–94.6)

87.8
(81.5–92.1)

63.3
(49.3–75.3) 9.2 0

Rule-in

≥3 80 (41.9) 88.6
(76–95)

95.5
(89.9–98.1)

72.1
(64.4–78.7)

48.8
(38.1–59.5) 48.8 16.3

≥4 49 (25.7) 70.5
(55.8–81.8)

90.8
(85–94.6)

87.8
(81.5–92.1)

63.3
(49.3–75.3) 63.3 26.5

≥5 22 (11.5) 38.6
(25.7–53.4)

84.0
(77.8–88.8)

96.6
(92.3–98.5)

77.3
(56.6–89.9) 77.3 40.9

6 8 (4.2) 15.9
(7.9–29.4)

79.8
(73.4–85)

99.3
(96.2–99.9)

87.5
(52.9–97.8) 87.5 50.0

1 Numbers refer to the primary composite outcome of ICU admission or death at 30 days; ICU = intensive care unit, CI = confidence
interval, NPV = negative predictive value, PPV = positive predictive value.

4. Discussion
4.1. Findings

In this observational single-center cohort study of patients presenting with suspected
SARS-CoV-2 infection to the ED of the University Hospital in Basel, Switzerland, we
explored and directly compared the characteristics, outcomes, and predictive value of
a wide range of clinical parameters in COVID-19 and control patients. We report five
major findings.

First, whereas symptoms and vital signs at ED presentation were largely comparable
between COVID-19 and controls, numerous laboratory parameters differed significantly.
These included lower leukocyte and lymphocyte counts in COVID-19 compared to controls.
Low leukocytes in COVID-19 have been reported already early during the COVID-19
pandemic [4,8]. Our study adds to this observation by demonstrating, that leukocyte and
lymphocyte counts at time of ED presentation are lower in COVID-19 than in diseases
causing similar symptoms, including patients with acute respiratory infections other than
COVID-19. Of note, these findings are not necessarily linked with COVID-19-specific
mechanisms but may also be partly explained by the later presentation of COVID-19
patients after symptom onset. In contrast, CRP and ferritin were significantly higher in
COVID-19 than in controls, suggesting higher inflammatory activity in COVID-19 at time
of ED presentation in.

Second, COVID-19 was associated with worse outcome compared to patients present-
ing at the same time with similar symptoms but without COVID-19. The risk of the primary
composite outcome of ICU admission and death at 30 days was twice as high in COVID-19
as in controls, even after adjustment for comorbidities and differences in baseline charac-
teristics. Similarly, 30-day mortality alone was numerically higher in COVID-19 than in
controls, although not reaching level of significance. In parallel, the risk of intubation was
increased five-fold in COVID-19 compared to controls, and the risk of ARDS was increased
more than ten-fold. In early studies during the COVID-19 pandemic, incidences of ICU
admission, 30-day mortality, and need for intubation varied widely and were numerically
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higher compared to our results [4,6,9,10]. However, direct comparison is difficult since
health care systems in early studies were often at or beyond the absolute limit of their
capacities. More recent studies from Central Europe and Japan with a health care system
still standing showed comparable results to our study regarding rates of ICU admission,
30-day mortality, and intubation in COVID-19 [19–23].

Third, a multitude of clinical parameters available upon ED presentation were associ-
ated with poor outcome in both COVID-19 and controls. Of note, however, their predictive
value did not systemically differ between COVID-19 and controls. Specifically, older age,
history of cardiac disease, hypertension, diabetes, CKD, and long-standing smoking were
significantly more prevalent in patients with poor outcome in COVID-19 and controls. In
contrast, overweight was more prevalent in COVID-19 than in controls and association
of overweight with poor outcome could only be observed in COVID-19. Numerous pa-
pers have already demonstrated the negative prognostic role of overweight and obesity
in COVID-19 [12,13,18,31]. However, it was unclear whether this phenomenon is gener-
alizable or to some extent COVID-19 specific, as suggested by our data. No difference
in outcome was observed for presence of cough or dyspnea. These findings underline
the limited predictive value of clinical symptoms at time of ED presentation, which can
be misleading and therefore should not be overestimated when evaluating risk of poor
outcome. Increased heart rate was only associated with poor outcome in controls but not
in COVID-19. This may be explained by reported relative bradycardia in some COVID-19
patients [32,33]. Most laboratory parameters were associated with poor outcome in all
groups. Most impressively, inflammation markers such as CRP and ferritin showed a high
association with poor outcome in all groups, but most pronounced in COVID-19, which
confirms and corroborates results from earlier studies [4,10,14,15]. Levels of leukocytes
were systematically higher in patients with poor outcome in all three groups. However,
leukocyte levels in COVID-19 patients with poor outcome were lower than leukocyte levels
in control patients with favorable outcome. This adds to the theory that SARS-CoV-2 infests
leukocytes and thereby leads to a relative leukopenia [4,8].

Fourth, CRP, blood oxygen saturation, LDH, hs-cTnT, and age were strong predictors
of poor outcome in COVID-19. Combined in a novel, simple risk score (COLT-58-Score),
these five measures showed high utility to predict the primary composite outcome and
death at 30 days in COVID-19. Most of these parameters have already been identified as
predictors of poor outcome in a single marker approach [16,17,34], but they have never
been combined to one risk score to predict the outcome in COVID-19. Of note, besides
patients with confirmed COVID-19, in which the score was trained, the COLT-58-Score
still performed well in respiratory controls and in the mixed group of patients with any
respiratory infection regardless of the presence or absence of COVID-19.

Finally, the COLT-58-Score showed a significantly better discrimination and reclassifi-
cation than the established CURB-65-Score in predicting the primary composite outcome
in COVID-19 and in patients with any respiratory infection. Regarding the prediction of
30-day mortality only, the prognostic accuracy of the COLT-58-Score was even higher than
for the primary outcome and comparable to the CURB-65-Score in all three subgroups.
These findings suggest the potential clinical utility of the COLT-58-Score in patients with
suspected COVID-19 and invites to validate this score in different cohorts.

4.2. Strength and Limitations

Our study has several strengths and limitations. The first strength is its prospective de-
sign in unselected ED patients. To our knowledge, there is a systematic lack of prospective
cohort studies assessing clinical characteristics and outcomes of COVID-19. This comes
with the advantages of minimizing a potential recall bias and more complete data collection.
The second strength is the presence of large, representative control groups. These allow
the direct comparison of clinical characteristics and outcomes observed in COVID-19 with
patients presenting with similar symptoms but no COVID-19. The presence of a control
group is mandatory to compare the predictive value of clinical parameters and to test
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whether they are COVID-19-specific or generalizable to unselected patients presenting
with symptoms suggestive of COVID-19. The third strength is the routine measurement of
a range of laboratory parameters at time of ED presentation including hs-cTnT, NT-proBNP,
and ferritin in all patients.

There are, however, also several limitations. First, only 191 patients were tested
SARS-CoV-2 positive and only 44 events of the primary composite endpoint were recorded.
Due to the rather small sample size and event numbers, this study has limited power for
extensive multivariable analysis. This must be particularly considered when interpreting
the findings of the multivariable COLT-58-Score. However, given its prospective design
with integrated control groups, the observed results still may add valuable information
to the literature. Second, despite our efforts to minimize the error of misclassification by
carefully analyzing available SARS-CoV-2 PCR test results from 14 days prior and after
the initial ED visit, there is still the possibility of some false negatives in the respective
control groups. Third, our study was performed in one Swiss tertiary hospital with a
rather low prevalence of COVID-19, which may reduce generalizability of our findings to
different settings with substantially higher prevalence. However, as the observed event
rates are comparable with data from other Central European countries, generalizability
of our findings to such countries can be assumed [19,21,22]. Similarly, distribution of
risk predictors may differ substantially between various geographic regions and health
care systems, which may also impact their prognostic and clinical relevance. Our dataset
reflects a Central European setting with a compensated health care setting during the
COVID-19 pandemic. Fourth, due to the lack of internal and external validation of the
COLT-58-Score, further validation in future studies is absolutely mandatory prior to its
clinical implementation. Fifth, this study contains numerous comparisons with no a-priori
adjustment for multiple testing. Accordingly, p-values must be interpreted with caution.
Last, between the start of our study and today, the proposed treatment of COVID-19 has
changed [35–37], potentially impacting outcomes in COVID-19.

5. Conclusions

In this prospective Central European cohort study, patients presenting to the ED with
COVID-19 have a worse outcome than controls, even after adjustment for differences in
baseline characteristics. In general, most predictors of poor outcome in COVID-19 were
not restricted to COVID-19, but generalizable to controls.
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I.; et al. Convalescent Plasma Treatment Is Associated with Lower Mortality and Better Outcomes in High-Risk COVID-19
Patients—Propensity-Score Matched Case-Control Study. Int. J. Infect. Dis. 2021, 105, 209–215. [CrossRef] [PubMed]

http://doi.org/10.1001/jamainternmed.2020.3539
http://doi.org/10.1093/cid/ciaa414
http://doi.org/10.3892/mmr.2020.11127
http://www.ncbi.nlm.nih.gov/pubmed/32377709
http://doi.org/10.1016/S2213-2600(20)30316-7
http://doi.org/10.1002/jmv.26599
http://doi.org/10.1016/j.ijid.2020.11.204
http://doi.org/10.1016/S2213-2600(20)30527-0
http://doi.org/10.1038/s41598-021-85081-0
http://doi.org/10.1136/thorax.58.5.377
http://www.ncbi.nlm.nih.gov/pubmed/12728155
http://doi.org/10.1016/j.ijsu.2014.07.013
http://www.ncbi.nlm.nih.gov/pubmed/25046131
http://doi.org/10.1002/sim.2929
http://doi.org/10.1002/sim.4085
http://www.ncbi.nlm.nih.gov/pubmed/21204120
http://doi.org/10.1164/rccm.201908-1581ST
http://www.ncbi.nlm.nih.gov/pubmed/31573350
http://doi.org/10.1093/bja/aeu373
http://doi.org/10.1016/j.cmi.2020.08.013
http://doi.org/10.3201/eid2610.202648
http://www.ncbi.nlm.nih.gov/pubmed/32610036
http://doi.org/10.1016/j.chest.2020.04.010
http://www.ncbi.nlm.nih.gov/pubmed/32304772
http://doi.org/10.1056/NEJMoa2021436
http://doi.org/10.1056/NEJMoa2023184
http://www.ncbi.nlm.nih.gov/pubmed/33264556
http://doi.org/10.1016/j.ijid.2021.02.054
http://www.ncbi.nlm.nih.gov/pubmed/33607305

	Introduction 
	Materials and Methods 
	Study Design, Population, and Inclusion Criteria 
	Clinical Assessment 
	Blood Sampling 
	Follow-Up 
	Outcomes 
	Adjudication of Final Diagnosis 
	Statistical Analysis 

	Results 
	Baseline Characteristics in COVID-19 and Controls 
	Patient Management and Outcome in COVID-19 and Controls 
	Direct Comparison of Clinical Characteristics between Outcomes in COVID-19 and Controls 
	Predictive Value of Clinical Parameters in COVID-19 and Controls 
	Comparison of the COLT-58-Score with the CURB-65-Score 

	Discussion 
	Findings 
	Strength and Limitations 

	Conclusions 
	References

