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SARS-CoV-2 infection has a wide spectrum of presentations, from asymptomatic to
pneumonia and sepsis. Risk scores have been used as triggers for protocols that
combine several interventions for early management of sepsis. This study tested the
accuracy of the score SIRS, gSOFA, and NEWS in predicting outcomes, including
mortality and bacterial infection, in patients admitted to the emergency department (ED)
during the COVID-19 pandemic. We described 2,473 cases of COVID-19 admitted to
the ED of the largest referral hospital for severe COVID-19 in Brazil during the pandemic.
SIRS, gSOFA and NEWS scores showed a poor performance as prognostic scores.
However, NEWS score had a high sensitivity to predict in-hospital death (0.851), early
bacterial infection (0.851), and ICU admission (0.868), suggesting that it may be a good
screening tool for severe cases of COVID-19, despite its low specificity.

Keywords: COVID-19, sepsis, NEWS, qSOFA (quick sequential organ failure assessment), SIRS (for Systemic
Inflammatory Response Syndrome), scores, prognosis, emergency

INTRODUCTION

SARS-CoV-2 infection has a wide spectrum of presentations, from asymptomatic to severe cases of
viral pneumonia and Acute Respiratory Distress Syndrome (1). Considering the pathophysiology
and the clinical manifestations, some COVID-19 patients meet the definition of sepsis, described
as an unregulated inflammatory host response to infection that results in organ failure and risk of
death (2, 3).

This concept of sepsis is recent and was updated after a better understanding of
pathophysiological events (4). In a consensus definition from 1991, sepsis was defined as a systemic
inflammatory response (SIRS—Systemic Inflammatory Response Syndrome) caused by infection
(5, 6). The diagnosis of sepsis was made in patients with suspected or confirmed infection and two
of four criteria: abnormalities in body temperature, tachypnea, tachycardia and leukocytosis (6).
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More recently, a new consensus, Sepsis-3, defines sepsis as
organ dysfunction, represented as at least 2 points in the
Sequential Organ Failure Assessment (SOFA) score in patients
with suspected or confirmed infection (3). In the Emergency
Department (ED), the use of a sepsis-related organ failure
prediction tool (QSOFA) can help identify patients at high risk
of death (3). Moreover, authors have compared the accuracy
of scores based on physical examination for diagnosing sepsis
in patients admitted to the ED with suspected or confirmed
infection, and the NEWS (National Early Warning Score) score
has been shown superior to SIRS and qSOFA (7).

These three tools have been used as triggers for protocols
that combine several interventions for early management of
sepsis, including the use of antibiotics (8). Although there
is still controversy about how quickly antibiotics should be
administered to septic patients in general (9), COVID-19 is a
viral disease without indication for antibiotic treatment (10),
and there is concern that the use of antibiotics may exacerbate
antimicrobial resistance without a clinical benefit (11).

Thus, we designed a study to test the accuracy of the scores
SIRS, qSOFA, and NEWS in predicting outcomes, including
mortality and bacterial infection, in patients admitted to the ED
during the COVID-19 pandemic.

METHODS
Study Design and Population

We conducted a retrospective single center cohort study from
March to August 2020 at the ED in Hospital das Clinicas, in
Sdo Paulo, Brazil. This is an academic tertiary-care hospital
affiliated to Sao Paulo University with 2,200 beds, comprising five
institutes and two auxiliary hospitals. In March 2020, the main
institute was converted to a COVID-19-only facility, dedicating
900 beds to the care of infected patients. Admissions to the
COVID-19 Institute were centrally managed by the Regulatory
Central of the State of Sdo Paulo, and severely ill patients are
preferably referred to the hospital

We included all consecutive adult patients (> 18 years)
with confirmed COVID-19, defined as at least one positive
result using reverse transcriptase-polymerase chain reaction
(Rt-PCR) obtained from nasopharyngeal swabs or bronchial
secretions (12).

We excluded patients for whom we could not calculate
scores due missing data. Patient data were collected through
electronic medical records, and a database was built using
REDCap software (13).

We applied risk assessment scores according to patients
admission variables. The positive qSOFA cutoff was 2 or greater
(3), NEWS score was classified into low risk (1-3 points) and high
risk (four or more points) of sepsis (7), and the positive cutoft for
SIRS was 2 or greater (5).

Besides the SIRS, qSOFA and NEWS variables, we also
collected data on demographics (age, sex), clinical history
(previous diagnoses and medications, time of symptoms
on admission, physical examination, supplemental oxygen),
laboratory tests routinely collected on admission (complete
blood count, D-dimer, C-reactive protein, urea, creatinine,

fibrinogen, lactate), variables of SAPS3, treatment (antibiotics,
anticoagulants and corticosteroids), and outcomes (length of
hospital stay, dialyses, invasive mechanical ventilation and in-
hospital mortality). We considered with severe COVID-19,
patients who had SpO2 < 90% on room air, clinical signs of
pneumonia, or a respiratory rate >30 breaths/min (10).

The primary outcome was in-hospital mortality within 30
days after admission. Secondary outcomes were admission
to intensive care unit (ICU) within 7 days from admission,
and early bacterial infection confirmed by bacterial growth
in culture.

We defined as early bacterial infection any positive culture
of blood, urine or tracheal secretions in the first 7 days of
hospitalization. We considered contaminants the coagulase-
negative Staphylococci, Corynebacterium species, Bacillus spp.
other than Bacillus anthracis, Cutibacterium acnes, Micrococcus
spp., viridans group streptococci, and Clostridium perfringens (14)
if isolated in only one culture of the patient. The contaminants
were excluded.

All patients received standard care, according to the
institutional ~ protocol. In the emergency department,
this included oxygen supplementation, dexamethasone
and antibiotics.

The study protocol was approved by the Local Ethics
Committee (number: 3.990.817; CAAE: 30417520.0.0000.0068),
which waived the need for written informed consent.
We adhered to Transparent Reporting of a Multivariable
Prediction for Individual Prognosis or Diagnosis (TRIPOD)
guidelines (15).

Statistical Analysis

Mean, standard deviation (SD), median, and interquartile
range (IQR) were used for descriptive statistics according to
variable distribution.

Model predictive performance was assessed with the area
under the receiver operating characteristics curve (AUROC).
Clinical utility was analyzed using sensitivity, specificity, positive
predictive values (PPV), negative predictive values (NPV),
positive likelihood ratio, negative likelihood ratio, and precision
recall curves. Confidence intervals (95%) were calculated after
1,000 bootstrap re-samples (16-19).

SIRS, qSOFA and NEWS’s variables were submitted to
bivariate analysis and factors with statistical significance (p <
0.05) were submitted to logistic regression using multivariate
analysis by calculating the Lassos lambda coeflicient for the
outcomes of in-hospital death, ICU admission, and early
bacterial infection.

A Bonferroni correction was used to account for
multiple comparisons across the pre-specified outcomes
and subgroup analyses.

All statistical analyses were performed using the software R
version 3.6.2.

RESULTS

A total of 3,021 patients diagnosed with COVID-19 in
the Emergency Department were included in the study,
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FIGURE 1 | Patients flow.

Culture positive on 7 days of admission
N =652

of which 2,473 patients had enough data to calculate
the scores. To analyze the predictive power of the three
scores, data from these 2,473 individuals were used
(Figure 1).

The median age of patients was 61.6 years, 57% were male,
and the median length of hospital stay was 14 days. The median
SAPS3 was 65, and the median time between onset of symptoms
of COVID-19 and hospitalization was 8 days. A total of 1,904
patients (77%) required ICU admission. In-hospital mortality
was 39% (968 patients) (Tables 1, 2). Cultures collected within
the first 7 days of hospitalization were available for 1,190 patients,
and 684 (62%) of these patients had an infectious agent isolated.
The most commonly isolated agents were Staphylococcus aureus
(112 isolates), Candida albicans (109 isolates), Pseudomonas
aeruginosa (78 isolates), and Acinetobacter baumannii (69
isolates) (Table3). The most isolated agents, considering
only blood cultures, were Staphylococcus aureus (67 isolates),
Enterococcus spp. (50 isolates), Klebsiella pneumoniae (48
isolates), Pseudomonas aeruginosa (34 isolates), Acinetobacter
baumannii (30 isolates), Candida albicans (19 isolates), and other
Candida species (23 isolates).

At admission, 1,364 (55%) had positive SIRS, 820 (33%) had
positive gSOFA, and 2005 (81%) had high risk NEWS. In-hospital
mortality frequency based on these cutoffs were: 629 (46%) for
SIRS; 265 (32%) for qSOFA, and 859 (43%) for NEWS. The
frequency of patients with early bacterial infection based on the
cut-offs were: 423 (62%) for SIRS; 211 (66%) for gSOFA; and 582
(61%) for NEWS (Table 4).

Prediction of Mortality

The AUROC for each score to predict mortality was: 0.58 for
SIRS, 0.55 for gSOFA, and 0.56 for NEWS. After corrections, only
AUROC values for SIRS and qSOFA were considered statistically
different (p = 0.003).

We found higher sensitivity for NEWS 0.89 (CI 95% 0.87-
0.91) and its NPV was 0.77 (CI 95% 0.73-0.80). However, NEWS
had a lower specificity, 0.24 (CI 95% 0.22-0.26) and lower PPV
0.43 (CI 95% 0.42-0.44) (Table 5, Figure 2).

Prediction of Early Bacterial Infection

There was no difference between the AUROC of the three scores
to predict bacterial infection, with poor performance for the
three. The NEWS score presented the best sensitivity [0.85 (CI
95% 0.82-0.88)], and qSOFA the best specificity [0.75 (CI 95%
0.71-0.79)] (Table 5, Figure 3).

Prediction of ICU Admission

There was also no difference between the AUROC of the three
scores. The NEWS score demonstrated the best sensitivity [0.87,
CI 95% (0.85; 0.88)], and SIRS [0.62, CI 95% (0.58; 0.66)] the best
specificity (Figure 4).

Factors Associated With Mortality,
Admission to the ICU, and Early Bacterial

Infection
The factors associated with in-hospital death were: use of
steroids, cancer, male sex, and immunosuppression. Protective
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TABLE 1 | Characteristics of patients on Emergency Department admission.

All patients Died in Survivors All patients Patients with Patients with
(2,473) hospital (968) (1,505) with cultures positive cultures negative cultures
(1,105) (652) (453)
Median Interquartile Median Interquartile Median Interquartile P-value Median Interquartile Median Interquartile Median Interquartile P-value
Interval Interval Interval Interval Interval Interval

Age 616 491 713 625 525 70.1 62.5 51 70.7 0.73 62.5 51.8 70.5 62.5 525 70.1 62.5 51 70.7 0.73
Hospital length 14 8 23 25 18 37 18 ih 27 <0.01 21 13 32 25 18 37 18 11 27 <0.01
of stay (days)
Characteristics on admission
Duration of 8 5 11 7 4 10 8 5 12 <0.01 8 5 11 7 4 10 8 5 12 <0.01
Symptoms on
Admission
(days)
Temperature 36.1 36 37 36.3 36 37 36.2 36 37 0.76 36.2 36 37 36.3 36 37 36.2 36 37 0.76
0
Heart rate 88 77 100 89 78 100 90 78 102 0.19 90 78 101 89 78 100 90 78 102 0.19
(opm)
Respiratory 24 20 28 25 20 30 24 20 30 0.22 24 20 30 25 20 30 24 20 30 0.22
Rate (ipm)
Systolic blood 122 110 139 120 109 137 120 105 137 0.38 120 107 137 120 109 137 120 105 137 0.38
Pressure
(mmHg)
SpO2 (%) 94 91 96 93 90 96 94 91 97 0.01 94 91 96 93 90 96 94 91 97 0.01
SAPS3 65 53 77 66  54.25 77 69 58 78.5 0.01 68 56 78 66  54.25 77 69 58 78.5 0.01
BMI 264 234 316 258 229 30.4 26.65 23.5 32 0.04 26.2 23.4 31.3 258 229 30.4 26.65 235 32 0.04
Blood tests collected up to 72 h after admission
Leukocytes 9.06 6.27 12.84 9.17 596 13.67 10 7 15 <0.01 975  6.60 14.24 9.17 5.96 13.67 9.91 7.04 14.60 <0.01
(X 10%/ul)
Neutrophils 748 485 11 7.8 5 11.85 8.49 6 12.98  0.01 8.26 5.32 12.50 7.80 4.82 11.85 8.49 5.75 12.98 0.01
(X10° /b
Lymphocytes 085 056 122 0.71 0.48 1 0.81 0.52 1 0.02 0.78  0.50 1.14 0.71 0.48 1.08 0.81 0.52 1.19 0.02
(X10%/l)
CRP (mg/L) 1285 63.7 236.4 168.55 88.58 271 169.2 80.8 269.3 0.61 169.2 842 270.8 168.55 89 271 169.2  80.8 269.3 0.61
LDH (UIL) 436 316.5 593 495 378 631 501 376 6785 0.40 498 377 656.5 495 378 631 501 376 678.5 0.40
D-Dimer 1,631 878 5,030 1,697 940 5,286 2,954 1,198.5 7233.5 <0.01 2,241 1093.5 6,749 1,697 940 5,286 2,954 11985 7233.5 <0.01
(ng/mL)
Fibrinogen 538 410 664 525 389 684 551 410 664 0.53 551 403 664 525 389 684 551 410 664 0.53
(mg/dL)
Lactate (mg/dL) 13 10 18 14 10 19 14 11 18 0.68 14 10.75 18 14 10 19 14 11 18 0.68
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TABLE 2 | Characteristics of patients on Emergency Department admission and outcomes.

All patients Died in hospital (968) Patients with positive cultures (652)

N (2,473) % N (968) % N (652) %
Sex (Male) N, % 1,412 57% 608 43% 400 61%
Comorbidities
Chronic kidney disease (Dialysis) N, % 659 27% 492 75% 282 59%
Cardiovascular disease N, % 460 19% 202 44% 114 57%
Hypertension N, % 1,445 59% 633 44% 430 62%
COPD N, % 166 7% 83 50% 53 64%
Asthma N, % 101 4% 26 26% 22 63%
Renal failure (dialysis) N, % 86 4% 43 50% 25 63%
Renal failure N, % 226 9% 111 49% 63 56%
Liver disease N, % 76 3% 38 50% 20 63%
Stroke N, % 182 7% 89 49% 51 59%
Dementia N, % 74 3% 42 57% 11 69%
Rheumatologic disease N, % 58 2% 15 26% 20 71%
Hematological disease N, % 176 9% 68 39% 58 60%
Psychiatric disease N, % 81 4% 24 30% 19 61%
Solid organ transplant N, % 70 9% 29 41% 14 44%
Obesity N, % 354 14% 95 27% 105 65%
Diabetes N, % 947 38% 428 45% 302 64%
Dyslipidemia N, % 144 18% 53 37% 32 47%
Cancer N, % 231 10% 134 58% 56 51%
Immunodeficiency N, % 44 4% 28 64% 13 42%
HIV/Aids N, % 21 1% 11 52% 6 50%
Hypothyroidism N, % 178 21% 74 42% 49 52%
Smoker N, % 167 7% 84 50% 56 58%
Alcoholism N, % 101 9% 38 38% 30 59%
Drug user N, % 23 3% 7 30% 7 58%
Other comorbidities N, % 373 24% 166 45% 104 59%
Symptoms on Admission
Dyspnea N, % 1,862 75% 750 40% 532 62%
Cough 1,664 68% 630 38% 433 59%
Sputum N, % 119 7% 40 34% 37 73%
Tiredness N, % 619 25% 208 34% 167 64%
New confusion N, % 149 6% 66 44% 35 69%
Life support
ICUN, % 1,904 77% 927 49% 637 61%
Mechanical Ventilation N, % 1,491 65% 878 59% 575 62%
Vasoactive drugs N, % 1,455 65% 881 61% 563 60%
Oxygen therapy N, % 2,307 95% 967 42% 669 62%
ECMO N, % 11 0% 9 82% 6 60%
Anticoagulant N, % 2,416 98% 948 39% 678 62%
Antiplaquet N, % 485 20% 191 39% 127 56%
Corticosteroid use N, % 1,695 69% 771 46% 544 62%
Use of immunosuppressants N, % 82 3% 31 38% 20 48%
Antibiotic N, % 2,291 93% 935 1% 661 61%
Antifungal N, % 242 10% 139 57% 118 61%
ACEi N, % 370 15% 74 20% 71 50%
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TABLE 3 | Bacterial infections.

Isolate Frequency

Early bacterial infection (culture positive on first 7 days of admission)

Other non-fermenting gram negative bacilli 13
Acinetobacter baumannii complex 69
Others 9
Anaerobes 4
Other Candida spp. 17
Candida glabrata 39
Candida albicans 109
Candida tropicalis 46
Other Enterobacterales 15
Complexo M. tuberculosis 10
Other Enterobacterales 4
Coagulase-negative Staphylococcus 60
Streptococcus spp. 6
Serratia marcescens 9
Staphylococcus aureus 112
Escherichia coli 36
Klebsiella pneumoniae 45
Aspergillus spp. 2

Burkholderia spp.
Proteus spp.

Enterobacter cloacae complex 10
Pseudomonas aeruginosa 78
Stenotrophomonas maltophilia 15

TABLE 4 | Scores SIRS, gSOFA and NEWS at admission and outcomes in
patients COVID-19.

Patients SIRS > 2 qSOFA > 2 NEWS > 4

N N % N % N %

Died in hospital 968 629  46% 265 32% 859 43%
Positive culture 652 423  62% 211 67% 582 61%

factors were: use of ACEi, rheumatologic disease, and
hematologic disease (Table 6).

The factors associated with ICU admission were:
dialysis, supplemental oxygen therapy, use of steroids,
anticoagulation, cardiovascular disease, and immunosuppression
(Table 6).

Precision Recall

All scores show low performance on precision-recall.
They only presented a high recall value, but with small
precision values. According to precision-recall, the score
with the best performance is the qSOFA, which has the best
specificity (Table 4). The scores also show a low performance
to predict positive culture of patients with COVID-19.
High precision values only are present with low recall
(Figures 5, 6).

TABLE 5 | Area under Receiver Operator Curves (AUROC) for mortality and early bacterial infection for SIRS > 2, gSOFA > 2, and NEWS > 4.

NPV Cl 95% PPV Cl 95%

Cl 95% P-value Sensitivity Cl 95% Specificity Cl 95%

AUC

AUROC for mortality prediction for SIRS > 2, qSOFA > 2, and NEWS > 4

SIRS

0.48
0.35
0.44

0.44
0.30
0.42

0.46
0.32
0.43

0.71
0.59
0.80

0.67
0.56
0.73

0.69
0.57
0.77

0.54
0.66
0.26

0.49
0.61
0.22

0.51
0.63
0.24

0.68
0.30
0.91

0.61
0.25
0.87

0.65
0.27
0.89

0.003*
0.08"**

0.6
0.57
0.58

0.56
0.53
0.55

0.58
0.

55

qSOFA
NEWS

0.09**

0.56

AUROC for early culture positivity prediction for SIRS > 2, qSOFA > 2, and NEWS > 4

SIRS

0.42 0.38 0.34 0.41 0.62 0.59 0.64

0.37 0.33

0.65

0.58

0.61

0.47 0.53 0.11*

0.50

— o
~ ©
S o
N O
© @
o o
~
© ©
o o
o ©
S @
c o
o <
»
o o
o -
I ®
c o
o <
l\_v—
S o
- o
o
S o
wn -
I\_v—
S o
< «©
O @
o o
N~y
N @
c o
o
@
o o
¥ o«
i
5
2
S ©
[%5)
&%)
© < EE
v v o =
S S gis
225
m;%
(%)
oo % g
0 0 | 59D <
o o %ggg
o
ggé
“50.)
gs¢
o o | 2889
S 32
0 T
o o (%Eg
S gg
§88
qug
< o3 =2
L Q| 2359
o= S33
@ o ISR
o Z | Rk

Frontiers in Medicine | www.frontiersin.org

March 2022 | Volume 9 | Article 779516


https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

Alencar et al.

NEWS, gSOFA, and SIRS Scores in COVID-19

06 08 1.0
I

Sensitivity

04

00

1.0 08 06 04 02 0.0
Specificity

FIGURE 2 | ROC curves for mortality.
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FIGURE 3 | ROC curve for culture positivity.

DISCUSSION

In this study we described 2.473 cases of COVID-19 admitted
to the emergency department of a tertiary hospital during the
pandemic, in order to evaluate the performance of SIRS, gSOFA
and NEWS scores to predict in-hospital mortality, early bacterial
infection, and ICU admission. Our findings suggest a poor

1.0

Sensitivity
0.6

04

0.2

0.0

T T T T T 1
1.0 0.8 0.6 04 0.2 0.0

Specificity

FIGURE 4 | ROC curve for ICU admission.

performance of the 3 prognostic scores. However, they indicate
a possible use of the NEWS as a screening tool for severe cases
of COVID-19, given its high sensitivity to predict in-hospital
death, early bacterial infection and ICU admission, despite its
low specificity.

To our knowledge, this is the largest study to assess the
performance of SIRS, qSOFA and NEWS scores in patients
with COVID-19. Other authors have also evaluated prognostic
scores to predict unfavorable outcomes for patients with COVID-
19, but few have performed this assessment in the emergency
department. Prognostic scores are tools that, in this context, help
to make better-informed decisions (16, 17). In favor of the NEWS
score, we must consider that this tool is already widely validated
for the care of patients with sepsis. And, although not ideal, its
high sensitivity allows NEWS to be used as a screening tool for
cases that may progress badly during hospitalization. We also
evaluated the performance of these tools to predict early bacterial
infection, with similar results and NEWS also presented higher
sensitivity than SIRS and qSOFA.

Our results are in agreement with the literature. The first
study which systematically evaluated the use of NEWS2 for severe
COVID-19 outcomes was carried out in five hospitals in the
United Kingdom, one hospital in Norway, and two hospitals in
Wuhan, China. Their results demonstrated a poor-to-moderate
discrimination for 14-day ICU and death (AUC between 0.63 and
0.77 according to center) (20). Higher NEWS’ cutoffs probably
are better to predict COVID-19 outcomes. At Emergency
Department, NEWS-2 score > 6 at admission predicted severe
disease with 80.0% sensitivity and 84.3% specificity (AUC 0.822,
95% CI 0.690-0.953), and was higher than qSOFA score > 2
(AUC 0.624, 95% CI 0.446-0.810, p < 0.05) (21).
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TABLE 6 | Bivariate and multivariate analysis for In-hospital mortality, early bacterial infection, and ICU hospitalization in COVID-19 patients in the Emergency Department.

In-hospital mortality Early Bacterial Infection ICU hospitalization
RR P-value Cl 95% Lassos RR P-value Cl 95% Lassos RR P- Cl 95% Lassos
lambda lambda value lambda
coefficient coefficient coefficient
Age 1.05 <0.001 1.04 1.05 0.03 1.00 089 099 1.01 1.02 <0.001 1.01 1.02 0.01
Length of stay 099 004 099 1.00 0.98 <0.001 097 098 113 <0.001 112 1.15
Time of symptomson ~ 1.00 073 0.98 1.01 1.056 <0.001 1.02 1.07 0.02 1.02 0.01 1.01 1.04 0.00
admission
Temperature on 0.83 <0.001 0.76 0.90 —0.09 098 073 086 1.11 1.07 019 097 1.19
admission
Heart rate on 1.01 0.00 1.00 1.01 0.01 1.00 0.32 1.00 1.01 1.01 <0.001 1.01 1.02 0.00
admission
Respiratory rate on 1.0t 0.07 1.00 1.02 099 034 098 1.01 1.08 <0.001 1.06 1.10 0.04
admission
Systolic blood pressure  0.99 <0.001 0.99  0.99 0.00 1.00 044 099 1.00 0.99 0.00 0.99 1.00 —0.01
on admission
SpO2 096 <0.001 095 0098 -0.02 1.02 004 100 1.04 0.01 0.96 <0.001 0.94 0.98 0.01
SAPS3 1.06 <0.001 1.05 1.07 0.05 1.01 0.01 1.00 1.02 0.01 1.10 0.05 1.01 1.21
BMI on admission 0.98 <0.001 097 0.99 —0.01 101 026 1.00 1.02 1.00 093 0.99 1.01
Leukocytes in the first ~ 1.05 <0.001 1.08  1.06 0.00 1.0t 010 1.00 1.03 114 <0.001 111 117 —0.01
72h
Neutrophils in the first 1.10 <0.001 1.08 112 0.02 1.038 0.02 1.00 1.05 0.01 1.21 <0.001 118 1.25 0.12
72h
Lymphocytes in the first 1.00  0.61 1.00 1.01 1.00 075 098 1.02 1.00 0.72 1.00 1.02
72h
CRP in the first 72 h 1.00 <0.001 1.00 1.01 0.00 1.00 094 1.00 1.00 1.01  <0.001 1.01 1.01 0.00
LDH in the first 72h 1.00 <0.001 1.00 1.00 0.00 1.00 010 1.00 1.00 1.01  <0.001 1.01 1.01 0.00
D dimerinthe first 72h  1.00 <0.001 1.00 1.00 0.00 1.00 012 1.00 1.00 1.00 <0.001 1.00 1.00 0.00
Fibrinogen in the first 1.00 0.05 1.00 1.00 1.00 046 1.00 1.00 1.00 0.01 1.00 1.00 0.00
72h
Lactate in the first 72h  1.05 <0.001 1.03  1.06 0.01 1.00 060 0.99 1.02 1.04 0.00 1.02 1.06 0.02
Dialysis 8.28 <0.001 6.76 10.18 0.83 0.13 065 1.06 156.54 <0.001 9.92 26.00 1.89
Cardiovascular disease  1.27  0.02 1.04 1.56 0.77 010 057 1.05 1.28 0.06 1.00 1.65 0.35
Hypertension 1.61 <0.001 1.36 1.90 0.00 1.00 1.00 0.78 1.29 1.62 <0.001 1.34 1.96 0.00
COPD 161 000 117 220 0.00 1.09 070 069 1.76 1.58 0.03 1.05 2.46 0.02
Asthma 0.53 001 033 0.82 0.00 1.04 091 053 215 0.42 <0.001 0.28 0.63 —0.40
Renal failure (dialysis) 1.68  0.04 1.03 244 1.03 094 054 201 1.56 0.13 0.90 2.90
Renal failure 1.67 0.00 1.19  02.06 0.00 0.75 0.16 0.51 112 1.09 0.62 0.79 1.568
Liver disease 158 0.05 1.00 250 0.00 1.03 094 050 218 0.83 049 050 1.43
Stroke 154  0.01 114  02.08 0.00 089 061 057 140 0.90 0.57 0.64 1.29
Dementia 209 000 131 835 0.00 136 057 049 434 0.51 0.01 0.32 0.83 -0.21
Rheumatologic disease 0.54  0.04 029 0.95 -0.25 155 030 0.70 3.78 0.94 0.83 052 1.78
Hematological disease  0.75  0.07 054 1.03 -0.22 094 079 062 1.46 0.37 <0.001 0.25 0.56 -0.79
Psychiatric disease 0.54 001 033 087 0.00 096 091 046 2.05 0.60 0.04 0.37 0.98 0.00
Obesity 0.52 <0.001 041 0.67 0.00 118 034 084 1.69 1.48 0.01 112 2.00 0.08
Diabetes 150 <0.001 1.28 1.78 0.00 118 019 092 151 148 <0.001 1.22 1.82
Dyslipidemia 1.00 1.00 069 1.45 0.37 <0.001 022 0.65 -0.72 1.36 0.18 0.88 2.19
Cancer 2.24 <0.001 1.71 2.96 0.26 0.62 0.02 0.41 0.92 —0.41 0.63 <0.001 0.40 0.72 —0.41
Immunodeficiency 2.45 0.01 1.33 4.69 0.18 0.44 0.03 0.21 0.91 —-0.22 8.67 0.03 1.87 154.28 0.19
HIV/Aids 1.72 0.22 0.72 4.14 0.61 0.40 0.19 1.97 0.75 0.564 0.30 2.10
Hypothyroidism 126 018 090 1.76 047 000 029 0.77 0.04 1.14 0.53 077 1.7
Smoker 163 000 119 223 0.00 082 037 054 126 3.20 <0.001 1.93 5.72 0.13
Alcoholism 0.82 036 054 125 092 079 052 1.68 0.79 0.36 048 1.35
(Continued)
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TABLE 6 | Continued

In-hospital mortality

Early Bacterial Infection

ICU hospitalization

RR P-value Cl 95% Lassos RR P-value Cl 95% Lassos RR P- Cl 95% Lassos
lambda lambda value lambda
coefficient coefficient coefficient
Drug user 076 055 029 1.81 067 050 0.21 2.30 0.86 0.75 035 240
Other comorbidities 0.86 020 068 1.09 094 074 068 1.33 0.14  <0.001 0.09 0.21
Dyspnea 121 005 1.00 1.47 0.00 110 053 082 1.46 1.88 <0.001 1.53 2.31 0.00
Cough 0.84 005 0.71 1.00 0.00 074 002 057 096 -0.22 1.10 0.34 090 1.34
Sputum 097 086 065 142 1.68 011 091 3.27 0.64 0.02 044 0.95 0.00
Tiredness 0.73 0.00 060 0.88 —0.02 1.11 048 0.83 1.48 0.86 0.18 070 1.07
New confusion 125 018 090 1.75 137 031 076 257 0.53 <0.001 0.38 0.76 -0.26
Oxygen therapy 93.09 <0.001 20.82 1639.71 0.00 029 011 004 1.09 31.83 <0.001 19.23 56.32 1.57
ECMO 7.05  0.01 1.81  46.30 092 090 026 3.63 637021.36 0.96 0.00 NA
Antiplaquet 1.01 090 083 1.24 075 006 056 1.01 1.19 016 094 1.52
Corticosteroid use 246 <0.001 02.04 297 0.48 093 062 068 1.25 431 <0.001 354 525 0.69
Use of 094 080 059 1.48 055 006 029 1.02 0.71 017 045 1.18
immunossupressors
Antibiotic 3.11 <0.001 2.14  4.65 0.00 035 0.03 012 0.85 —0.31 2.62 <0.001 191 3.56 0.00
Antifungal 228 <0.001 1.75 2.99 0.09 093 066 068 1.28 3.09 <0.001 2.03 4.92 0.00
ACEi 0.34 <0.001 026 0.44 —0.54 0.57 0.00 040 0.81 —0.44 0.93 0.60 072 1.22
Q) [ o ]
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FIGURE 5 | Precision recall (PR) curves for mortality. FIGURE 6 | Precision recall (PR) curves for culture positivity.

Although this study was conducted in an emergency
department of a single center, this hospital was the main state
referral for severe COVID-19. Sdo Paulo has a population over 44
million, and 600 of the 6,000 critical COVID-19 care beds were
located in this hospital. Because of this, our sample represents
the selection of the most severe cases of the State of Sao Paulo,
one of the world’s epicenters of the pandemic at that time. This
is evident when evaluating the median SAPS 3 value of 68 for
patients admitted to the emergency department, which would

have an expected mortality of 66.8% for patients seen in Latin
America. We highlight that tools presented lower AUROCs than
those found in some studies (12, 13, 16, 22, 23), mainly due to
the lower specificity and PPV values. This may have happened
because of the high severity of the cases. In a scenario with
a higher prevalence of milder cases, there would be a better
chance of detecting survivors, resulting in higher specificity and
PPV values.
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The incidence of early bacterial infection was high, 59%
among those who collected cultures, and 26% among the 2,403
patients studied. This result is much higher than that found in
other studies, 3-8% (24, 25). It would be expected that these
infections had occurred later, but the median time of COVID-
19 symptoms on admission was 8 days. This finding may be one
of the factors related to the greater severity of our patients.

There were no factors strongly associated with early bacterial
infection, but antibiotic use was associated with a reduced risk.
This finding may be explained by the use of antibiotics resulting
in negative cultures. Despite the high incidence of early bacterial
infection, it is important to note that the use of antibiotics was
not associated with lower risk of admission to the ICU or death.
It was not possible to analyze the risk of developing infection
by resistant bacteria in our study, but the indiscriminate use of
antibiotics has been shown to be associated with the emergence
of resistance, and the prescription of these drugs should be done
cautiously and rationally.

Among the factors associated with in-hospital death, we found
the use of steroids to be the most important factor. This may
represent a bias as steroids are prescribed for severe COVID-19 as
well as for comorbidities such as cancer and immunodeficiency.
Paradoxically, rheumatologic disease and hematologic disease
were not associated with death. The latter, it was not even a
factor associated with admission to the ICU. These patients
were prioritized for hospital care, which may have positively
influenced the outcome, despite their potentially higher risk
(26, 27). The use of ACEi was a protective factor against death
in our study, as demonstrated by other authors (28, 29).

The most important factors associated with admission to
the ICU admission were factors associated with the need
for intensive support, such as dialysis, or the severity of
COVID-19 (supplemental oxygen therapy, use of steroids and
anticoagulation). The presence of cardiovascular disease and
immunodeficiency were also factors associated with admission to
the ICU. Factors not associated with hospitalization in ICU were:
cancer, dementia, hematologic disease and asthma. Although not
expected, patients with asthma had lower risk of hospitalization
in ICU, as demonstrated in other studies (30-32).

This study has limitations. Data for this study were collected
prospectively, but their analysis was performed later, and it was
not possible to obtain retrospectively some data that were not
collected initially. For instance, it was not possible to collect
data on Glasgow Coma Scale for all patients, as this information
was sometimes described as mental status alert, somnolent, and
unconsciousness in the electronic medical record. We considered
any positive culture as bacterial infection. It was not possible
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