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Abstract

Objective To investigate whether a simplified inflammation-based risk scoring system comprising three readily available
biomarkers (albumin, C-reactive protein, and leukocytes) may predict major adverse outcomes in patients with COVID-19.
Methods Upon admission to the emergency room, the inflammation-based risk scoring system was applied and patients
were classified as having mild, moderate, or severe inflammation. In-hospital occurrence of thrombosis, need for mechanical
ventilation, and death were recorded.

Results One-hundred patients (55 + 13 years; 71% men) were included and classified as having mild (29%), moderate (12%),
or severe (59%) inflammation. The need for mechanical ventilation differed among patients in each group (16%, 50%, and
71%, respectively; P <0.0001), yielding a 4.1-fold increased risk of requiring mechanical ventilation in patients with moder-
ate inflammation and 5.4 for those with severe inflammation. On the contrary, there were no differences for the occurrence
of thrombosis (10%, 8%, and 22%, respectively; P=0.142) or death (21%, 42%, and 39%, respectively; P=0.106). In the
multivariate analysis, only severe inflammation (hazard ratio [HR]=4.1), D-dimer > 574 ng/mL (HR =3.0), and troponin
1>6.7 ng/mL (HR =2.4) at hospital admission were independent predictors of the need for mechanical ventilation.
Conclusion The inflammation-based risk scoring system predicts the need for mechanical ventilation in patients with severe
COVID-19.
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Introduction

In December 2019, an outbreak of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) infection occurred
in Wuhan, China, and rapidly spread around the world. In
February 2020, the World Health Organization (WHO) offi-
cially named the disease caused by the new virus as corona-
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virus disease 2019 (COVID-19), which is now considered
to be the largest public health emergency in the last cen-
tury, with more than 130 million confirmed cases to date.
Although most patients with COVID-19 are asymptomatic
or develop only mild disease, a significant proportion of
patients develop severe disease, which can lead to adverse
outcomes, such as pneumonia and acute respiratory distress
syndrome, coagulopathy and immune-mediated thrombosis,
organ failure, and death [1, 2].
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These manifestations are the consequence of acute
hyper-inflammation during SARS-COV-2 infection, an
entity that is reminiscent of several syndromes grouped
under the umbrella term “cytokine storm syndrome,” in
which hyper-inflammation and multi-organ disease arise
from excessive cytokine release in response to uncon-
trolled immune activation. The conditions characterized by
cytokine storm are diverse and include macrophage activa-
tion syndromes associated with autoimmune diseases (e.g.,
systemic juvenile idiopathic arthritis, adult-onset Still’s
disease, and systemic lupus erythematosus) or with infec-
tious diseases (e.g., viruses of the influenza and herpes
families), as well as mutations in genes that mediate the
release of cytotoxic granules from natural killer cells and
CD8+T cells (e.g., familial hemophagocytic lymphohis-
tiocytosis) [3, 4].

Given the magnitude of the COVID-19 pandemic,
identifying laboratory test results that reliably predict
the progression to severe and fatal forms of the disease
has become a top priority. Studies that have evaluated
many molecules as potential early prognostic markers
have shown that elevated levels of D-dimer, troponin I
(cTnl), C-reactive protein (CRP), serum amyloid A, inter-
leukin-6 (IL-6), IL-2 receptor alpha chain (also called
soluble CD25), interferon gamma (IFN-y), and IL-1p are
associated with disease severity, development of acute res-
piratory distress syndrome, and mortality [5—7]. Unfortu-
nately, most of these tests are available only for research
or their availability is limited to highly specialized hospital
centers. This means that most health-care personnel do not
have access to a simple and clinically accessible tool for
identifying patients at high risk of developing serious or
fatal in-hospital complications [8].

In a previous report, we derived and validated a simpli-
fied score comprising three readily available biomarkers
in the setting of acute coronary syndrome (ACS): serum
levels of albumin and CRP, and white blood cell (WBC)
count. ACS is an entity in which inflammation has recently
emerged as a critical player, and understanding the role
of inflammation may help further understanding of its
pathogenesis and be useful for clinical stratification pur-
poses [9]. When performed at the time of hospital admis-
sion, this simple inflammation-based risk scoring system
provides a reliable prediction of in-hospital mortality and
identifies patients at high risk of developing adverse out-
comes during hospitalization. Consequently, the present
study aimed to investigate whether this inflammation-
based risk scoring system assessed on patient admission to
the emergency room can predict the occurrence of signifi-
cant adverse outcomes during hospitalization, specifically
the need for invasive mechanical ventilation, occurrence of
thrombosis, and death in patients with COVID-19.
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Methods
Study design

This was a single-center cohort study to assess the util-
ity of a simple inflammation-based risk scoring system
as an early predictor of significant adverse outcomes dur-
ing hospitalization of patients critically ill with COVID-
19. This study was performed at the National Institute of
Cardiology in Mexico City, Mexico, an academic center
for tertiary care that is devoted to the study and manage-
ment of cardiovascular diseases and allied conditions. As
the COVID-19 pandemic evolved, our hospital converted
the emergency room and cardiovascular critical care unit
into areas dedicated to the critical care of patients with
COVID-19.

At hospital admission, patients were classified accord-
ing to the WHO guidelines as having moderate or severe
disease. Moderate disease was defined as clinical signs of
pneumonia, such as fever, cough, dyspnea, and/or tachyp-
nea, but no signs of severe pneumonia and, in particular,
an oxygen saturation (Sa0,) >90% on room air. Severe
disease was defined as clinical signs of pneumonia plus
one of the following: respiratory rate > 30 breaths/min,
severe respiratory distress, or Sa0, <90% on room air
[10].

All patients gave their consent authorizing the use of
their clinical data and biological samples for research. The
study was approved by the local committee created ad hoc
for studies on COVID-19. All procedures were carried out
in accordance with the 2013 Declaration of Helsinki, its
addenda, and local regulations.

Study participants

Patients older than 18 years who were admitted to the
emergency room with a diagnosis of COVID-19 between
April 12 and July 20, 2020 and required hospitalization
were included. Our hospital received only seriously ill
patients during this time. Patients with milder forms of the
disease were transferred to less specialized medical cent-
ers and therefore were not included in the present analy-
sis. At admission, a nasopharyngeal swab tested positive
for SARS-CoV-2 in a test involving RT-PCR, although no
serial tests were performed to assess viral clearance. A
negative rapid influenza test result was also obtained for
all patients. Finally, only patients from whom we received
blood samples (obtained upon arrival at the emergency
room) for the measurement of the levels of IL-6 and other
inflammatory/thrombosis markers were included [11]. To
assess comorbid conditions, the Charlson Comorbidity
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Index was calculated for all patients [12]. Clinical and
laboratory data were obtained from the electronic medical
record by two independent investigators (JG-F, CG-A), the
resulting databases were compared and reviewed by a third
investigator (LMA-G), and discrepancies were resolved by
reviewing each discordant medical record again.

All treatments, imaging and laboratory studies, admis-
sion to the intensive care unit, and the decision to provide
mechanical ventilatory support were performed at the discre-
tion of each of the treating physicians. Similarly, the deci-
sion to discharge the patient to home was made solely by
the treating physician according to the clinical status of each
patient.

Definition of the inflammation-based risk scoring
system

The complete process used for the derivation and validation
of the inflammation-based risk scoring system has been pub-
lished elsewhere [9]. Briefly, in a cohort of 7,396 patients
with ACS, elevated CRP level and WBC count, and low
serum albumin level were found to be individually associ-
ated with a higher mortality rate. After that observation, a
risk score was created by assigning weighted values to each
of the inflammation biomarkers based on the odds ratios
(ORs) for in-hospital mortality as follows: 1 point for WBC
count >9.3 x 103 cells/pL, 2 points for CRP level > 13.0
mg/L, and 3 points for serum albumin level <3.6 g/dL.
Finally, four categories of systemic inflammation were cre-
ated based on the total score: O points, no signs of systemic
inflammation; 1-2 points, mild inflammation; 3—4 points,
moderate inflammation; and 5-6 points, severe inflamma-
tion. Notably, after adjusting for multiple potential con-
founders in the multivariate analysis, the category of severe
inflammation remained the most powerful predictor of mor-
tality in patients with ACS.

For the purposes of the present study, the aforemen-
tioned inflammation-based risk scoring system was applied
to each of the patients with COVID-19 whose condition was
graded according to the serum levels of CRP and albumin,
and WBC count measured upon arrival at the emergency
room. In our hospital, serum albumin (reference range 3.5
to 5.7 g/dL) and high sensitivity CRP (reference range <5
mg/L) are measured by photometry using the AU680 clinical
chemistry analyzer (Beckman Coulter, Fullerton, CA), while
WBCs are measured using the DxH900 automated hematol-
ogy analyzer (Beckman Coulter, Miami, FL).

Statistical analysis

The data distribution was evaluated using the
D’Agostino—Pearson K-squared test. Frequencies and

percentages were used to describe categorical variables,
and differences were assessed using the chi-square test (for
trend as appropriate). To describe numerical variables, the
mean + 1 standard deviation (SD) or median with inter-
quartile range (IQR) was used, and differences were evalu-
ated using the Mann—Whitney U test or Student’s ¢ test
(two groups) and the Kruskal-Wallis test (post hoc test by
Dunn) or one-way ANOVA (Tukey’s multiple comparison
post hoc test) for linear trend (> 2 groups) as appropriate.
The area under the receiver operating characteristic (ROC)
curve (AUC) with 95% confidence intervals (95% CIs) was
used to assess the potential of the inflammation-based risk
scoring system to discriminate the risk of having a major
adverse outcome: that is, thrombosis, need for invasive
mechanical ventilation, or death during hospitalization.

For subsequent analyses, the cohort of patients with
COVID-19 was stratified according to the inflammation-
based risk scoring system. Only two patients had no sys-
temic signs of inflammation (score, 0) and they were added
to the mild inflammation group for the statistical calcula-
tions. Thus, the total cohort was stratified into patients
with mild, moderate, or severe inflammation. Cumulative
survival curves for the occurrence of each major adverse
outcome during the hospital stay were constructed using
the Kaplan—Meier method, and differences were assessed
using the log-rank test for trends. Hazard ratios (HRs)
with 95% Cls were obtained using a Cox proportional
hazards model and the log-rank test. The length of sur-
vival was defined as the time of entry into the study (day
of admission to the emergency room) until the occurrence
of each major adverse outcome or discharge from the
hospital. Discharged patients were considered censored
observations at the time of their last day of hospital stay.
The Kaplan—Meier curves were truncated at 30 days of
follow-up.

Multivariate Cox proportional hazards models were
used to assess the contribution of different variables in the
occurrence of major adverse outcomes. The selected vari-
ables included those showing significance in the univariate
analysis as well as others that are biologically or clinically
relevant or that have been described as significant in other
studies. Adjusted and unadjusted HRs with 95% CIs were
used to describe significant associations. In the multivari-
ate modeling, the main numerical variables were grouped
into terciles to facilitate the clinical interpretation through
predetermined ranges, and the first tercile was used as the
reference value.

All analyses were two-tailed and a P value <0.05 was
accepted as significant. GraphPad Prism statistical soft-
ware (v. 6.01; GraphPad Software, La Jolla, CA) and IBM
SPSS Statistics (v. 20; IBM Corp, Armonk, NY) were used
for the calculations.
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Results

During the study period, a total of 100 patients (71%
male) with a mean age of 55 + 13 years were included.
Ninety patients were classified as having severe disease
at admission and the rest with moderate disease. Table 1
summarizes the main clinical and demographic character-
istics. An unusually high frequency of comorbidities was
observed; the prevalence rates were 47% for hypertension,
37% for diabetes, 78% for overweight or obesity, and 13%
for chronic kidney disease. The median Charlson Comor-
bidity Index was 2 (IQR, 1-3).

The entire cohort of patients with COVID-19 was clas-
sified according to the inflammation-based risk score as
follows: two patients showed no signs of systemic inflam-
mation (total score, 0), 27 had mild inflammation (total
score, 1-2), 12 had moderate inflammation (total score,
3-4), and 59 had severe inflammation (total score, 5-6).
As stated above, for ease of analysis, patients with no signs
of inflammation were grouped together with patients with
mild inflammation because no differences were observed
between them (data not shown). As can be seen in Table 1,
patients with severe inflammation were significantly older
and exhibited a higher burden of comorbidities according

to the Charlson Comorbidity Index compared to patients
with mild inflammation.

The main clinical and laboratory characteristics evalu-
ated upon admission to the emergency room are presented in
Table 2. Body temperature, SaO,, heart rate, and respiratory
rate did not differ between groups. By contrast, significant
differences were observed in a variety of laboratory analytes.
Specifically, patients with mild inflammation had lower neu-
trophil and total leukocyte counts than those with moderate
and severe inflammation, while lower CRP levels but higher
levels of albumin and hemoglobin were observed in patients
with mild inflammation compared to their counterparts with
severe inflammation (Table 2). No differences were found
for other inflammatory markers, such as serum ferritin and
IL-6 levels, and platelet count.

Beyond the basic and advanced life support used for these
patients, we found no differences in the use of experimental
drugs with potential utility against COVID-19 (see Table 3).
Except for one, all patients received anticoagulation therapy
with unfractionated or low-molecular-weight heparins dur-
ing hospitalization. We observed a relatively low preva-
lence of thrombotic and embolic events (frequency of any
event, 17%) and a high percentage of patients with bleeding
(16%). The distribution of these adverse events did not dif-
fer between the study subgroups. Table 3 also summarizes
the occurrence of other significant in-hospital outcomes. A

Table 1 Demographic and

o . . All patients (n=100) IRS system P Post-hoc test*
clinical features of patients with
COVID Mild Moderate  Severe
(n=29) (n=12) (n=59)

Age, years 55+13 49+13 54+13 57+12 0.030 a: 0.999
b: 0.026
c: 0.999

Male, n (%) 71 (71) 20 (69) 8 (67) 43 (73) 0.874

BMI, kg/m? 28.6+4.8 279+3.6 293+50 28.8+53 0.611

Hypertension, n (%) 47 (47) 11 (38) 7 (58) 29 (49) 0.430

Diabetes, n (%) 37 (37) 8 (28) 3(25) 26 (44) 0.211

Dyslipidemia, n (%) 17 (17) 5(17) 1(8) 11 (19) 0.686

Smoking, n (%) 21 (21) 6 (21) 3(25) 12 (20) 0.935

Cancer, n (%) 2(2) 0 0 2(3) 0.492

Previous M1, n (%) 10 (10) 2(7) 1(8) 7(12) 0.750

CHD, n (%) 5(5) 3(10) 0 2(3) 0.259

CKD, n (%) 13 (13) 2(7) 0 11 (19) 0.110

Organ transplant, n (%) 2 (2) 1(3) 0 1(2) 0.463

CCI, median (IQR) 2 (1-3) 1(0-3) 1(0.7-3.2) 3(1-3.5) 0.032 a:0.999
b: 0.034
c: 0.640

Data are presented as mean + standard deviation unless otherwise specified. Significant P values are in bold

Definitions: IRS system, Inflammation-based risk scoring system; BMI, body mass index; MI, myocardial
infarction; CHD, chronic heart disease; CKD, chronic kidney disease; CCI, Charlson Comorbidity Index;

IQR, interquartile range

* a: Mild versus Moderate; b: Mild versus Severe; c: Moderate versus Severe
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Table 2 Clinical features and laboratory data at admission

All patients (n=100) IRS system P Post-hoc test*
Mild Moderate Severe
(n=29) n=12) (n=59)
Temperature, °C 37.1+£0.9 37.1+£0.9 37.1+1.0 37.1+£0.9 0.988
Sa0,, % at room air 79.5+139 83.5+9.8 77.3+129 78.0+154 0.182
Heart rate, beats/min 97.4+20.0 96.5+16.1 109.1+14.1 95.3+22.1 0.063
Respiratory rate, breaths/min 24.7+6.2 22.5+5.4 263+79 254+6.0 0.079
WBC x 10°/pL, median (IQR) 8.5 (6.0-11.6) 6.9 (4.9-7.9) 13.6 (11.1-14.9) 8.9 (6.0-11.9) <0.0001 a: <0.0001
b: 0.005
c: 0.004
Neutrophils x 10*/uL, median (IQR) 7.5 (4.6-10.5) 5.2 (3.6-6.9) 12.0 (9.8-13.6) 8.2 (5.4-10.7) <0.0001 a: <0.0001
b: 0.001
c: 0.006
Lymphocytes X 103/pL, median (IQR) 0.7 (0.6-1.0) 0.8 (0.6-1.1) 0.9 (0.7-1.0) 0.7 (0.5-0.9) 0.971
Hemoglobin, g/dL, median (IQR) 14.8 (13.6-16.0) 15.5(14.7-16.0) 14.8 (13.9-16.1) 14.5(12.9-16.1) 0.031 a: 0.415
b: 0.023
c: 0.850
Platelets x 10°/pL, median (IQR) 204 (163-278) 179 (150-230) 228 (170-253) 221 (175-292) 0.463
LDH, U/L, median (IQR) 345 (262-452) 295 (209-401) 410 (344-482) 357 (269-497) 0.056
D-dimer, ng/mL, median (IQR) 377 (215-665) 172 (116-443) 288 (253-1913) 516 (256-861) 0.156
Ferritin, pg/L, median (IQR) 640 (274-1120) 438 (198-848) 598 (247-1848) 704 (351-1184) 0.233
C-reactive protein, mg/L, median 149 (71-257) 109 (37-154) 195 (102-257) 181 (81-302) 0.004 a: 0.074
(IQR) b: 0.005
c: 0.999
Fibrinogen, mg/dL, median (IQR) 5.5 (4.6-6.1) 5.0 (4.3-5.7) 6.1 (5.5-6.6) 5.6 (4.6-6.2) 0.003 a: 0.002
b: 0.463
c: 0.013
Albumin, g/dL, median (IQR) 3.4 (3.1-3.8) 3.9 (3.7-4.0) 3.8 (3.6-3.8) 3.1(2.9-34) <0.0001 a: 0.317
b: <0.0001
c:<0.0001
Troponin I, ng/mL, median (IQR) 11.6 (5.6-39.0) 8.2 (4.5-18.5) 10.5 (5.2-27.2)  18.3 (6.6-63.2) 0.501
Interleukin-6, pg/mL, median (IQR) 14.2 (4.5-57.0) 13.3 (4.5-52.1) 15.6(4.5-25.2) 11.5(4.5-65.4) 0.529
Creatine kinase, U/L, median (IQR) 72 (49-12) 106 (48-187) 67 (55-212) 71 (48-226) 0.749
Serum creatinine, mg/dL, median 1.0 (0.8-1.4) 0.9 (0.8-1.1) 0.9 (0.8-1.8) 1.0 (0.8-1.5) 0.504

dQR)

Data are presented as mean + standard deviation unless otherwise specified. Significant P values are in bold

Definitions: IRS system, Inflammation-based risk scoring system; SaO,, oxygen saturation; WBC, white blood cells; IQR, interquartile range;

LDH, lactate dehydrogenase

* a: Mild versus Moderate; b: Mild versus Severe; c: Moderate versus Severe

total of 53% of our patients required endotracheal intuba-
tion and mechanical ventilatory support, and the frequency
differed according to the degree of inflammation. Only five
of the 29 patients (16%) with mild inflammation required
mechanical ventilation, whereas 50% (6/12 patients) with
moderate inflammation and 71% (42/59 patients) with severe
inflammation required mechanical ventilation (P <0.0001).
A total of 34 patients eventually died and, although the dif-
ference in mortality was substantial between patients with
mild, moderate, or severe inflammation, these figures did not
reach significance in the analysis for trends (21%, 42%, and
39% mortality, respectively; P=0.106). The AUC (Fig. 1)
showed that the inflammation-based risk scoring system

identified those patients who required mechanical ventila-
tion (AUC, 0.73; 95% CI: 0.63 to 0.83; P <0.0001), but was
unable to predict the occurrence of thrombosis (AUC, 0.60;
95% CI: 0.46 to 0.74; P=0.183) or death (AUC, 0.58; 95%
CI: 0.46 t0 0.69; P=0.181).

Once the usefulness of the inflammation-based risk scor-
ing system in predicting the requirement for mechanical
ventilation was identified, we estimated the percentage of
patients who remained ventilator-free during hospitalization.
As can be seen in Fig. 2, patients with moderate inflamma-
tion had an HR for mechanical ventilation of 4.15 (95% CI.:
1.74 t0 28.95; P=0.010), whereas those with severe inflam-
mation had an HR of 5.49 (95% CI: 2.14 to 8.21; P=0.0001)
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Table 3 In-hospital

. All patients IRS system P Post-hoc test*
management and major (n=100)
outcomes Mild Moderate  Severe
n=29) =12 n=59)
Main therapies
Glucocorticoids, n (%) 28 (28) 5017) 3(25) 20 (33) 0.254
Hydroxychloroquine, n (%) 22 (22) 4(13) 2 (16) 16 (27) 0.326
Azithromycin, n (%) 28 (28) 5017) 2 (16) 21 (35) 0.127
Lopinavir/ritonavir, n (%) 68 (68) 21(72)  7(58) 40 (67) 0.678
Biologic drugs, n (%) 16 (16) 6 (20) 2 (16) 8 (13) 0.690
Heparin, n (%) 99 (99) 28 (96) 12 (100) 59 (100) 0.290
Major outcomes
Any thrombosis, n (%) 17 (17) 3 (10) 1(8) 13 (22) 0.142
PT, n (%) 2(2) 1(3) 0(0) 1(2) 0.747
Stroke, n (%) 1(1) 0(0) 0(0) 1(2) 0.704
Myocardial infarction, n (%) 3 (3) 1(3) 0(0) 2(3) 0.809
Bleeding, n (%) 16 (16) 1(3) 2 (16) 13 (22) 0.082
Mechanical ventilation, n (%) 53 (53) 5(16) 6 (50) 42 (71) <0.0001 a: 0.031
b: <0.0001
c: 0.152
Death, n (%) 34 (34) 6 (21) 5(42) 23 (39) 0.106
In-hospital stay, days 20+18 14+12 18=+16 23+20 0.089
Data are presented as mean + standard deviation unless otherwise specified. Significant P value is in bold
Definitions: IRS system, Inflammation-based risk scoring system; PT, pulmonary thromboembolism. Bio-
logic drugs denote the use of tocilizumab, ruxolitinib and/or intravenous immunoglobulin
* a: Mild versus Moderate; b: Mild versus Severe; c: Moderate versus Severe
ROC of Thrombosis ROC of Mechanical ventilation ROC of Death
100+ 100- 100+
80- 80 80
X X X
> 60 > 60 > 60
2 b 2
g 40 g 40 g 40
(7] N [0} 7 Q b
(%] 7] (%]
20 AUC=0.60 20 AUC=0.73 20 AUC=0.58
7 95%CI=0.46 to 0.74 ] 95%CI=0.63 to 0.83 ] 95%Cl=0.46 to 0.69
P=0.183 P<0.0001 P=0.181
0 T T T T 1 0 T T T T 1 0 T T T T 1
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100

100% - Specificity %

100% - Specificity %

100% - Specificity%

Fig. 1 Receiver operating characteristic (ROC) curves for the accuracy of the inflammation-based risk scoring system to predict the development
of thrombosis, need for mechanical ventilation, and death during hospitalization of patients with COVID-19

compared with their counterparts with mild inflammation
(reference group). The mean duration of in-hospital stay in
patients with mild, moderate, or severe inflammation was
14 + 12 days, 18 + 16 days, and 23 + 20 days, respectively
(P =0.089). For the entire study cohort, this value was
20+ 18 days.

The main clinical and laboratory characteristics of
patients with COVID-19 grouped according to the need for
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mechanical ventilation are presented in Table 4. Patients
who required mechanical ventilation were older, had lower
Sa0, upon admission, and showed higher levels of inflam-
mation and thrombosis markers than their counterparts
who did not require mechanical ventilation. In addition, the
severe inflammation-based risk score was overrepresented
among patients who required mechanical ventilation and, in
parallel, they received glucocorticoids more frequently and
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Log-rank test for trends: P=0.0002.

Hazard ratio by log-rank (95% CI)
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Fig.2 Estimates of ventilator-free survival for patients with COVID-
19 categorized according to the inflammation-based risk scoring sys-
tem at hospital admission. Patients with moderate inflammation had
a 4.15 times greater risk of needing mechanical ventilation compared
with those with mild inflammation (reference group). This number
increased to 5.49 in patients with severe inflammation

had a significantly longer hospital stay and higher mortality
rate.

Finally, several variables in the unadjusted model, such as
the inflammation-based risk scoring system and serum lev-
els of D-dimer, ferritin, cTnl, and IL-6, predicted the need
for mechanical ventilation (see Table 5). However, when
the analyses were adjusted, the independent predictors that
remained significant were a severe inflammation-based risk
score (HR, 4.12; 95% CI: 1.59 to 10.70; P=0.004), serum
D-dimer level > 574 ng/mL (HR, 3.01; 95% CI: 1.28 to 7.05;
P=0.011), and serum cTnl level > 6.7 ng/mL (HR, 2.42;
95% CI: 1.04 to 5.60; P=0.039). As noted, the most power-
ful independent predictor of the need for mechanical ventila-
tion was a severe inflammation-based risk score, even after
adjustment for multiple clinical and laboratory variables,
such as comorbidities and markers of inflammation and
thrombosis, assessed at hospital admission.

Table 4 Clinical and laboratory characteristics of COVID-19 patients according to the need for mechanical ventilation

No ventilatory support (n=47) Mechanical ventilation (n=53) P
Age, years 52.2+12.6 57.9+12.8 0.030
Male, n (%) 31 (65) 40 (75) 0.378
CCI, median (IQR) 1(1-3) 3(1-3) 0.062
Sa0,, % at admission 82.4+10.6 76.9+15.9 0.049
WBC x 10*/uL, median (IQR) 7.0 (5.0-8.7) 10.8 (7.8-12.4) <0.0001
NLR, median (IQR) 6.5 (3.9-10.0) 13.1 (9.6-22.2) <0.0001
D-dimer, ng/mL, median (IQR) 241 (136-410) 544 (290-965) <0.0001
Ferritin, pg/L, median (IQR) 438 (232-822) 708 (425-1240) 0.020
Albumin, g/dL, median (IQR) 3.8 (3.4-3.9) 3.2(2.9-35) <0.0001
CRP, mg/L, median (IQR) 113.4 (49.4-154.7) 202.2 (107.3-330.9) 0.0001
cTnl, ng/mL, median (IQR) 6.6 (4.3-18.3) 23.1 (8.4-73.1) 0.0001
IL-6, pg/mL, median (IQR) 4.5 (4.5-34.9) 15.6 (4.5-75.9) 0.073
Inflammation-based risk scoring system <0.0001
Mild inflammation, n (%) 24 (51) 509)
Moderate inflammation, n (%) 6 (12) 6(11)
Severe inflammation, n (%) 17 (36) 42 (79)
Main therapies
Glucocorticoids, n (%) 5(10) 23 (43) 0.0003
Hydroxychloroquine, n (%) 8 (17) 14 (26) 0.332
Lopinavir/ritonavir, n (%) 34 (72) 34 (64) 0.400
Anti-cytokine drugs, n (%) 9 (19) 7(13) 0.585
Major outcomes
Any thrombosis, n (%) 4(8) 13 (24) 0.059
Death, n (%) 3(6) 31 (58) <0.0001
In-hospital stay, days 11.3+4.1 27.8+223 <0.0001

Data are presented as mean + standard deviation unless otherwise specified. Significant P values are in bold

Anti-cytokine drugs denote the use of tocilizumab or ruxolitinib

Definitions: CCI, Charlson Comorbidity Index; IQR, interquartile range; SaO,, oxygen saturation; WBC, white blood cells; NLR, neutrophil-
to-lymphocyte rate; CRP, C-reactive protein; cTnl, cardiac troponin I; IL-6, interleukin-6; IRS system, Inflammation-based risk scoring system
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Table 5 Independent predictors

o Unadjusted Adjusted
at admission of the need for
mechanical ventilation in the HR 95% CI P HR 95% CI P
multivariate Cox proportional
hazards model Inflammation score
Mild Reference Reference
Moderate 342 1.04to0 11.23 0.042 3.09 0.92t0 10.34 0.067
Severe 5.52 2.18t013.99 <0.001 4.12 1.59t0 10.70  0.004
Age 1.02 0.99 to 1.04 0.072
Male gender 1.30 0.69 to 2.44 0.403
BMI 1.01 0.96 to 1.07 0.540
Sa0,%, at admission 0.97 0.96 to 0.99 0.023
Charlson Comorbidity Index
1 point 0.92 0.37 to 2.31 0.870
2 points 1.28 0.46 to 3.53 0.631
3 points 1.62 00.67 to 3.86 0.272
4 points 1.25 0.45 to 3.62 0.678
5 points 1.31 0.45t0 3.79 0.611
6 points 227 0.28 to 18.30 0.433
Lymphocyte count 0.93 0.72 t0 1.20 0.584
D-dimer
Ist tercile (0-246 ng/mL) Reference Reference
2nd tercile (247-574 ng/mL) 2.61 1.14 t0 5.97 0.023 2.24 0.95t05.26  0.063
3rd tercile (> 574 ng/mL) 5.44 44410 12.14 <0.001 3.01 1.28t07.05  0.011
Ferritin
1st tercile (0-356 pg/L) Reference
2nd tercile (356-875 pg/L) 1.78 0.86 to 3.68 0.116
3rd tercile (> 875 pg/L) 2.39 1.18 to 4.85 0.016
Troponin I
1st tercile (0-6.6 ng/mL) Reference Reference
2nd tercile (6.7-24 ng/mL) 2.46 1.08 to 5.60 0.032 242 1.04t05.60  0.039
3rd tercile (>24 ng/mL) 4.19 1.88 t0 9.35 <0.001 2.69 1.06 t0 6.82  0.037
Interleukin-6
1st tercile (0—4.4 pg/ml) Reference
2nd tercile (4.5-38.8 pg/ml) 1.74 0.84 to 3.60 0.134
3rd tercile (> 38.8 pg/ml) 2.03 1.09 to 3.76 0.025

Definitions: HR, hazard ratio; 95% CI, 95% confidence intervals; BMI, body mass index; SaO,, oxygen

saturation

Significant P values are in bold

Discussion

This study was conducted to assess whether a risk scoring
system based on serum albumin and CRP levels, and leu-
kocyte counts rated at the time of admission to the emer-
gency room can be used to predict adverse outcomes in
patients hospitalized with severe COVID-19. Our results
show that this simple and readily available score has a good
discriminatory ability to identify patients who will require
mechanical ventilation during hospitalization. Having severe
inflammation according to this risk scoring system appears
to be the most important independent predictor of the need
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for mechanical ventilatory support in patients with severe
COVID-19.

Uncontrolled inflammation is recognized to play an
important role in the development of tissue damage, regard-
less of the type of trigger for the inflammatory response.
This is the reason why different acute-phase markers are
used to assess disease severity and monitor response to treat-
ment in patients with an inflammatory condition [13]. In
parallel, a variety of inflammatory biomarkers are included
in risk scoring systems for cardiovascular, neoplastic, and
autoimmune diseases [9, 14, 15]. A classic example is the
Glasgow Prognostic Score, an inflammation-based clinimet-
ric instrument composed of elevated serum CRP (cutoff 10
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mg/L) and decreased albumin (cutoff 3.5 g/L) concentration
that has been shown to be accurate in predicting survival in
different types of cancer, including colon-rectum, stomach,
cervical, kidney, and lung [14]. The Glasgow Prognostic
Score was used as the basis for planning and developing
the inflammation-based risk scoring system for ACS [9].
Hyper-inflammation is a hallmark of COVID-19, but it can
be distinguished from other forms of viral-induced cytokine
storm because the elevation of serum ferritin level is moder-
ate and end-organ disease is found mainly in the lungs [3].
Additionally, the hyper-inflammation seen in patients with
COVID-19 is characterized by profound abnormalities in
the number and function of blood cells, immune-mediated
coagulopathy, tissue damage, hepatitis, and activation of
hepatocytes and macrophages. Therefore, the type of mark-
ers used to assess disease severity and to predict signifi-
cant outcomes cannot be extrapolated from other forms of
cytokine storm syndrome.

Measurement of cytokine levels is an interesting theo-
retical approach in COVID-19. However, several pro-
inflammatory interleukins, such as IFN-y or IL-1p, are not
easily detected in serum or plasma samples, whereas other
more stable serum proteins, such as chemokines that are
produced in response to IFNs, have not been consistently
shown to reliably predict significant outcomes in patients
with COVID-19 [3]. Tests for cytokines that may reflect the
severity of COVID-19, such as IL-6 and soluble CD25, are
still predominantly performed for research and are not avail-
able in most medical centers. Unlike the limitations of the
aforementioned biomarkers, components of the proposed
inflammation-based risk scoring system are highly stand-
ardized and available analytes in laboratories around the
world [9]. Furthermore, the levels of each reactant reflect
selected components of the inflammatory process. CRP is
synthesized and released by hepatocytes and other cells in
response to various inflammatory cytokines, mainly IL-6.
The decrease in albumin synthesis during inflammation is
mediated by IL-6, IL-1p, and tumor necrosis factor, all of
which are involved in the cytokine storm [16]. The dam-
age to hepatocytes that occurs during hyper-inflammation
could cause further decrease in the serum albumin level [17].
Finally, an elevated WBC count may exacerbate inflamma-
tory signaling and facilitate chemotactic gradients, which
would guide selected leukocyte subpopulations to sites of
tissue and organ injury, such as the lung [18].

Notably, each of the biomarkers included in the inflam-
mation-based risk scoring system is independently associ-
ated with the occurrence of adverse outcomes of COVID-
19, including acute respiratory distress syndrome, disease
severity, and death. CRP level has been shown to correlate
with the extent of lung lesions on computed tomography
and appears to reflect disease severity [19]. In a study of
patients with early-stage COVID-19 (within 7 days of the

onset of clinical symptoms), elevated CRP level was an
important risk factor for progression to severe pneumo-
nia (OR, 4.77; 95% CI: 1.92 to 11.87; P=0.001) [20].
A retrospective analysis showed that a CRP level > 10
mg/L at admission was associated with a higher probabil-
ity of admission to the intensive care unit in COVID-19
patients with cardiovascular disease (OR, 8.12; 95% CI:
1.63 to 40.49; P=0.011), which suggests that monitoring
CRP level could help in risk stratification in patients with
early-stage disease [21]. Researchers have validated the
observation that CRP level is highly predictive of the need
for mechanical ventilation. In one study, a CRP level > 97
mg/L correctly classified 80% of patients with COVID-19
who went on to develop respiratory failure [22]. Consist-
ent with this earlier report, 67 of our 100 patients had
CRP values > 97 mg/L, 41 of whom required mechanical
ventilation, whereas only 12 of the 33 with a CRP level
below that level required ventilatory support (61% vs 36%;
P=0.032). Finally, a recent meta-analysis identified a sig-
nificant and consistent difference in CRP levels between
patients with severe and non-severe COVID-19. In addi-
tion to ¢Tnl, D-dimer, procalcitonin, and a few other bio-
chemical markers, CRP emerged as a biomarker with high
potential for prognostic risk stratification in patients with
COVID-19 [23].

Hypoalbuminemia occurs in about one-third of patients
with COVID-19, particularly in those with severe disease
[24]. Several studies have found a consistent association
between low albumin level and an increase in both mor-
tality and length of hospital stay [24]. A serum albumin
level < 3.5 g/dL is an independent predictor of death and
increases the OR for in-hospital mortality by up to six times
[25]. Interestingly, serum albumin level on admission also
predicts the need for mechanical ventilation in patients with
influenza A HIN1 infection, and hypoalbuminemia is asso-
ciated with hyper-inflammation, hyper-coagulation, and
atherosclerosis in patients with human immunodeficiency
virus infection [26, 27]. Hypoalbuminemia in patients with
COVID-19 may be partially explained by liver dysfunction,
as reflected by elevated levels of aminotransferases and lac-
tic dehydrogenase. Liver dysfunction may be secondary to
angiotensin-converting enzyme 2 (ACE2)-mediated hepati-
tis, although a recent study detected active viremia in only
7% of patients, which means that liver dysfunction caused by
ACE2-mediated hepatitis does not seem to account for the
liver disorders commonly observed in patients with COVID-
19 [28]. By contrast, a dysregulated immune response may
be a crucial pathogenic contributor to liver disorders in the
early stages of COVID-19, which could lead to increased
capillary permeability and the release of albumin into the
interstitial space [24]. A causative role of hyper-inflamma-
tion is supported by the extremely high levels of CRP, IL-6,
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and macrophage colony-stimulating factor found in patients
with COVID-19 and liver injury and hypoalbuminemia [28].

At the beginning of the pandemic, a pivotal study char-
acterized 41 patients admitted to hospital for SARS-CoV-2
infection in Wuhan, China. These patients presented with
dyspnea, fever, myalgia, abnormalities in blood cells, ele-
vated plasma levels of several cytokines and chemokines,
as well as radiographic evidence of pneumonia [29]. Later
studies around the world have shown that patients with
COVID-19 frequently present with leukocytosis despite the
existence of lymphopenia at the expense of an increase in
the absolute number of neutrophils [30—33]. An increase in
neutrophil count was also observed in our cohort along with
a decrease in the total number of circulating lymphocytes,
which was more pronounced in patients with a high score
on the inflammation-based risk scoring system. Moreover,
WBC count is often significantly higher in patients who do
not survive to SARS-CoV-2 infection than in survivors [33].
A recent meta-analysis of 1,289 COVID-19 cases identified
that severe disease is associated with lower lymphocyte and
higher leukocyte counts, which suggests that the neutrophil-
to-lymphocyte ratio (NLR) may be useful for early identifi-
cation of patients with a serious illness [34]. In our cohort,
the NLR upon admission was double in patients who eventu-
ally required mechanical ventilation, further supporting the
value of this marker in the early identification of patients
with more aggressive COVID-19. Furthermore, the NLR
and the inflammation-based risk scoring system showed high
collinearity (Spearman’s rho coefficient 0.467; P <0.0001),
and thus similar performance in terms of predicting each of
the main outcomes.

At this time, risk stratification systems are just emerg-
ing to predict major hospital outcomes in COVID-19. In
fact, the Ventilation in COVID Estimator (VICE) risk score
was recently derived and validated in a large single-center
cohort, including four factors (diabetes, SaO,/FiO, ratio,
CRP, and lactate dehydrogenase) [35]. Overall, the VICE
risk score predicts the need for mechanical ventilation
(AUC, 0.84) in a manner quite similar to that observed in
our study, although it only included one acute-phase reactant
(namely CRP). In the present study, the inflammation-based
risk scoring system also demonstrated an adequate capacity
to identify these high-risk patients at hospital admission.
We believe that this scoring system can be easily imple-
mented in virtually any medical facility dedicated to the
care of patients with COVID-19, particularly in those with
limited access to high-tech laboratory tests or located in low-
income countries. Experience from hyper-inflammation in
other forms of cytokine storm syndrome suggests that early
intervention is essential to avoid life-threatening complica-
tions [36]. In patients with COVID-19, anti-inflammatory
treatment with dexamethasone resulted in lower mortality
at 28 days among patients receiving invasive mechanical

@ Springer

ventilation or oxygen without invasive mechanical ventila-
tion but not in those without this respiratory support [37].
This paramount observation supports the idea that hyper-
inflammation, which plays a critical role in COVID-19-as-
sociated lung injury, could be tamed by the use of gluco-
corticoids, resulting in less lung damage and perhaps less
need for mechanical ventilatory support. In this sense, it is
attractive to assume that the inflammation-based risk scoring
system may be useful for identifying patients who might be
particularly susceptible and would therefore benefit from
dexamethasone administration. In a similar way, the diver-
gence of results of studies that have evaluated the efficacy of
tocilizumab, a monoclonal antibody directed against IL-6, in
improving adverse outcomes in patients with COVID-19 is
notable. Although some studies have not shown a decrease
in mortality after tocilizumab administration [38], other
studies have suggested that tocilizumab may be beneficial
in improving hospital outcomes, provided that early inter-
vention is performed and patients are selected accordingly
to some clinical (e.g., Sequential Organ Failure Assessment
[SOFA] score) and laboratory (IL-6, CRP, D-dimer, and
cTnl levels, WBC counts) features [39]. Therefore, it is con-
ceivable to assume that the inflammation-based risk scoring
system may be useful for preselecting patients who have an
appropriate inflammatory profile and may be candidates for
anti-cytokine therapies.

The results of the present study should be tempered by
its limitations. First, the sample size was limited because we
included only patients admitted to a single highly specialized
center, and the results must be externally validated before
they can be generalized to other hospitals. Second, our study
included mostly critically ill patients, and the results cannot
be extrapolated to patients with milder forms of the disease
without further research. Third, it is increasingly recognized
that frailty is relevant in the prognosis of COVID-19, either
because patients with poorer baseline function (greater
frailty) are placed in less proactive treatment streams or
because frailty by itself, specifically in patients older than
65 years, leads to higher in-hospital mortality [40]. Unfor-
tunately, we do not rate the frailty of our patients upon
admission. Finally, the inflammation-based risk scoring sys-
tem was not efficient enough to discriminate patients with
COVID-19 who would eventually die, and it is evident that
factors other than those associated with the need for mechan-
ical ventilation cannot be evaluated using the inflammatory
markers in our scoring system. In particular, the administra-
tion of therapies, such as glucocorticoids and anti-cytokine
therapies during hospitalization, could modify mortality, but
this was outside the scope of our study. More in-depth stud-
ies are urgently required to identify these factors to be able
to develop more efficient risk rating systems than the current
one. Once the present study has demonstrated the efficacy
of the inflammation-based risk scoring system in predicting
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the need for mechanical ventilation, it remains to evaluate its
efficiency against other risk scoring systems, which often do
not consider inflammation as highly relevant.

In conclusion, this study identified that a simplified risk
scoring system based on the levels of three inflammatory
biomarkers available routinely in any hospital setting is
useful for predicting the need for mechanical ventilation
in patients with severe COVID-19. Such a risk categori-
zation method is urgently needed given the global spread
of COVID-19 during the northern hemisphere autumn of
2020, as well as the uncertainly about the dual outbreaks
of COVID-19 and influenza that are expected during the
upcoming colder months in the northern hemisphere. In hos-
pitals with limited medical resources, this simple risk scor-
ing system may be helpful for prioritizing patients quickly
from admission to the emergency room, especially when
limited health-care resources must be allocated.
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