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What is already known about this topic? Several clinical and laboratory factors have been reported to be associated
with disease severity and death in patients with COVID-19. The time between hospital admission and clinical deterioration
may be very short.

What does the article add to our knowledge? We showed that elevated serum IL-6 levels at admission correlate with
clinical worsening in COVID-19. We identified a 3-variable score (IL-6, C-reactive protein [CRP], SaO2/FiO2) able to
predict further clinical deterioration of patients with moderate-to-severe COVID-19 early in the course of admission.

How does the study impact current management guidelines? IL-6, CRP, and SaO2/FiO2 ratio, combined in our
proposed score, could help clinicians to identify on admission those patients with COVID-19 who are at high risk for a
further 3-day clinical deterioration.
BACKGROUND: The early identification of patients at risk of
clinical deterioration is of interest considering the timeline of
COVID-19 after the onset of symptoms.
OBJECTIVE: The aim of our study was to evaluate the
usefulness of testing serum IL-6 and other serological and clin-
ical biomarkers, to predict a short-term negative clinical course
of patients with noncritical COVID-19.
METHODS: A total of 208 patients with noncritical COVID-19
pneumonia at admission were consecutively enrolled. Clinical
and laboratory findings obtained on admission were analyzed by
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using survival analysis and stepwise logistic regression for
variable selection. Three-day worsening as outcome in a logistic
model to generate a prognostic score was used.
RESULTS: Clinical worsening occurred in 63 patients
(16 [ died; 39 [ transferred to intensive care unit; 8 worsening
of respiratory failure). Forty-five of them worsened within 3 days
after admission. The risk of clinical worsening was progressively
enhanced along with increasing quartiles of IL-6 levels. Multi-
variate analysis showed that IL-6 (P [ .005), C-reactive protein
(CRP) (P [ .003), and SaO2/FiO2 (P [ .014) were the best
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Abbreviations used

AACI- A
ge-adjusted Charlson index

ARDS- A
cute distress respiratory syndrome

AUC- A
rea under the curve

CI- C
onfidence interval
COVID-19- C
oronavirus disease

CRP- C
-reactive protein

CRS- C
ytokine release syndrome

ICU- In
tensive care unit

LDH- L
actate dehydrogenase
SARS-CoV-2- S
evere acute respiratory syndrome coronavirus 2

SD- S
tandard deviation
SF ratio- S
aO2/FiO2
predictors for clinical deterioration in the first 3 days after
admission. The combined score yielded an area under the
curve [ 0.88 (95% confidence interval: 0.83-0.93). A
nomogram predicting the probability of 3-day worsening was
generated. The score also showed good performance for 7-day
and 14- or 21-day worsening and in predicting death
occurring during all the follow-up.
CONCLUSIONS: Combining IL-6, CRP, and SaO2/FiO2 in a
score may help clinicians to identify on admission those patients
with COVID-19 who are at high risk for a further 3-day clinical
deterioration. � 2020 American Academy of Allergy, Asthma
& Immunology (J Allergy Clin Immunol Pract 2020;8:2575-81)

Key words: COVID-19; IL-6; SARS-CoV-2; C-reactive protein;
Risk factors

In December 2019, a novel coronavirus disease (COVID-19)
was reported in China caused by severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2). The number of infected
patients has increased rapidly worldwide, and at the end of
January 2020, the first 2 cases in Italy were recorded. More than
140,000 cases have been confirmed in Italy, so far, with a high
case fatality rate. The majority of patients with COVID-19
experience a mild influenza-like illness. However, a significant
proportion develop pneumonia that may evolve in acute distress
respiratory syndrome (ARDS) in nearly 15% to 25% of cases.1

Old age and chronic comorbidieties such as hypertension,
diabetes mellitus, renal, and heart diseases have been associated
with the negative clinical outcome of COVID-19 cases.2,3

The immune response to SARS-CoV-2 is key for control and
resolution of infection. Specifically, a rapid innate immune
response is the first line of defense against viruses, but dysregu-
lated and excessive immune responses may cause immunopa-
thology.4,5 In fact, inflammatory cytokines (IL-6, TNF-a, IL-10,
IL-2, IL-7, CXCL10, CCL2, CCL3) are higher in plasma of
severe cases (“cytokine storm”) and are associated with pulmo-
nary inflammation and extensive lung tissue damage in patients
with COVID-19.5 In other coronavirus infections (SARS-CoV),
it has been shown that type I IFNs are critical for initiation of the
response and viral clearance, whereas delayed production of type
I IFNs is associated with a severe clinical disease, as they are
also involved in activation and recruitment of inflammatory
monocytes in target tissues such as lung.6

Laboratory hallmarks in patients with COVID-19, according
to the current literature, are decreased white blood cell
counts, lymphocytopenia, high level of neutrophil count,
increase of D-dimer, and C-reactive protein (CRP) particularly in
more severe cases.7

IL-6 is a proinflammatory multifunctional cytokine released
by several cell types during SARS-CoV-2 infection, including
endothelial cells. In a cross-sectional study where receiver oper-
ating characteristic (ROC) analysis was applied, IL-6 serum levels
above the value of 24.3 pg/mL were associated with severe
pneumonia in patients with COVID-19.8 Notably, it has been
shown that both in human and mice, IL-6 downmodulates the
cytotoxic activity of natural killer cells, by decreasing the release
of perforin and granzyme B involved in the lysis of infected
cells.9

The aim of our study was to evaluate the usefulness of testing
levels of serum IL-6, alone and together with other serological
and clinical biomarkers, to predict who is at risk for a short-term
negative clinical course of COVID-19 among patients admitted
to a noncritical hospital setting.

METHODS

Study population
This was an observational retrospective study including 208

patients (M/F: 135/73) aged 21 to 94 years (mean, 65.7 � 15 years)
with laboratory-confirmed SARS-CoV-2 infection by positive reverse
transcriptase polymerase chain reaction on nasopharyngeal swab,
according to World Health Organization interim guidelines10 and
admitted to Careggi University Hospital (Florence, Italy), from
March 7, 2020, to March 30, 2020. All patients were followed until
death or discharge, except for 4 patients who were still admitted and
were improving after transfer from intensive care unit (ICU). The
median length-of-stay in the infectious disease unit was 6 days
(range, 1-20 days), and the median overall length-of-stay was 8 days
(1-51 days). All 208 patients, at admission, displayed radiologic
evidence of pneumonia and were classified as moderate (n ¼ 91,
43.8%) or severe (n ¼ 117, 56.2%), according to the Guidelines for
Diagnosis and Management of COVID-19 (7th edition) issued by
the National Health Commission of China.11 None of them dis-
played need of ICU ventilatory assistance at the time of hospital
admission. For our model, we have used the pulse oximetric satu-
ration SaO2/FiO2 (SF ratio) as reliable noninvasive surrogate for
PaO2/FiO2.

12-14 The procedures followed in the study were
approved by the Local Ethical Committee (protocol 16859).

Data collection
We reviewed clinical records and laboratory findings (white blood

cell count, neutrophils, eosinophils, lymphocytes, monocytes, lactate
dehydrogenase [LDH], D-dimer, ferritin, fibrinogen, CRP, liver,
and kidney function test) of patients with objectively confirmed
SARS-CoV2 pneumonia. Normal range of laboratory examinations
were defined according to the regional hospital laboratory practice.
Chest imaging was also performed for all inpatients. Serum IL-6,
TNF-a, IL-1b, and IL-10 were measured by using a commercially
available ELISA test (Invitrogen, Thermo Fisher Scientific, Wal-
tham, Mass). Clinical data about comorbidities were obtained and
incorporated in the age-adjusted Charlson index (AACI).15 One of
the following outcomes was selected for the definition of clinical
worsening: (1) death during stay in admittance ward; (2) transfer to
ICU due to severe worsening of respiratory failure requiring invasive
support measures to correct hypoxiemia; and (3) worsening of res-
piratory failure but not requiring invasive ventilatory support.
Clinical and demographic characteristics of patients are summarized
in Table I.



TABLE I. Demographic and clinical characteristics of study population

All (n [ 208)

3-day clinical course

Worsened (n [ 63) Stable/improved (n [ 145)

Gender (F/M) 74/134 17/46 57/88

Age (median � SD) 66 � 15 72 � 13 63 � 15

Smoking

Current 11 4 7

Former 63 25 38

Nonsmoker 134 34 100

Hypertension (%) 98 (47.1) 37 (58.7) 61 (42.1)

Diabetes (%) 40 (19.2) 17 (27) 23 (15.9)

Obesity (%) 25 (16.2) 7 (19) 18 (15)

Chronic lung disease (%) 21 (10.1) 11 (17.5) 10 (6.9)

Chronic heart failure (%) 19 (9.1) 7 (11.1) 12 (8.3)

Chronic renal failure

Mild-moderate (%) 8 (3.8) 3 (4.8) 5 (3.4)

Severe (%) 6 (2.9) 3 (4.8) 3 (2.1)

Solid tumors* (%) 15 (7.2) 6 (9.5) 9 (6.2)

Hematologic malignancy* (%) 6 (2.9) 2 (3.2) 4 (2.7)

Charlson comorbidity index† (mean � SD) 3.43 � 2.59 4.64 � 2.96 2.91 � 2.23

IL-6 serum levels (pg/mL, mean � SD) 27 � 40.9 53.6 � 63.8 15.7 � 15.6

C-reactive protein 85.4 � 73 127 � 92.6 67.7 � 54.2

SaO2/FiO2 ratio 335 � 131 243 � 123 375 � 114

Body mass index >30.
SD, Standard deviation.
*Diagnosed in the last 5 years.
†Age-adjusted.
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Statistical analysis

We used survival analysis to investigate the prognostic value of
basal IL-6, both as a linear term and as quartiles in a Cox model. We
computed Harrell’s C as an overall measure of discrimination for all
candidate covariates as linear continuous variables.

A 3-day worsening as a response variable in a logistic model to
generate a prognostic score was used because most patients worsened
within 3 days after admission. We used stepwise logistic regression
for variable selection, with a forward procedure and an entry
probability of 0.1.

Model-based discrimination was assessed using the area under the
curve (AUC), and calibration was assessed using the Hosmer and
Lemeshow goodness-of-fit test.

Finally, we generated a nomogram to calculate an overall score
and the corresponding probability of 3-day worsening, with the
main purpose of presenting graphically the impact of each predictive
variable.

Continuous variables were summarized using mean and standard
error and compared using Student’s t-test. All tests were 2-sided, and
a P value of <.05 was considered significant. All calculations were
performed using Stata 16.1 software (StataCorp, College Station,
TX).

RESULTS

Serum IL-6 in patients with COVID-19 with

moderate-to-severe disease
We first investigated IL-6 serum levels in all enrolled patients.

Of 208 patients, 131 (62.9%) displayed IL-6 serum levels higher
than the positive cutoff (10 pg/mL), with a mean value
(� standard deviation [SD]) of 27 � 40.9. No significant dif-
ferences (P ¼ .158) in IL-6 serum levels were noted between
males (29.9 � 45.6) and female (21.5 � 29.9). It is important to
note that baseline IL-6 was weakly but significantly associated
with age (Spearman r ¼ 0.24, P < .001).

In a small proportion of our cases, an increase of TNF-a and/
or IL-10 was observed. Specifically, TNF-a was assessed in 61
patients (29.3%); 15 of 61 (19.7%) showed TNF-a levels higher
than the positive cutoff (15 pg/mL) with a mean value (�SD) of
39.1 � 26.6. Regarding IL-10, it was measured in 65 patients
(31.2%) and it resulted in higher than the cutoff (10 pg/mL) in
21 patients (32.3%) with a mean value (�SD) of 35.7 � 50.5.
The small number of patients did not allow the involvement of
these cytokines in the subsequent statistical analysis of the study.
None of 65 patients displayed increased serum levels of IL-1b
(data not shown).

Usefulness of IL-6 for predicting the clinical course

of patients with COVID-19
Of 208 patients, 63 (30.3%) suffered from clinically signifi-

cant worsening according to the criteria reported in the Methods
section. In detail, 8 patients (12.7%) exhibited progressive
respiratory failure, 39 (61.9%) were transferred to ICU, and 16
(25.4%) died in the admitting unit. Most patients (n ¼ 45,
71.4%) started to experience such worsening within the first 3
days of admission. The remaining 141 patients (67.7%) were
stable or improved during the period of clinical observation until
the discharge. Four patients are still hospitalized at the moment
of final analysis, and they are improving after transfer back from
ICU.

We investigated the predictive ability of basal IL-6 values as
quartiles, which were formed at approximate cutoffs (<6.8,
�6.8-<13.8, �13.8-<27.8, �27.8 pg/mL), reaching a



FIGURE 1. Kaplan-Meier survival curves for clinical worsening, as defined in the Methods section, by quartiles of baseline IL-6 serum
levels. Number of patients at risk for each interval, with number of failures in parentheses, is shown.

TABLE II. Hazard ratios of clinical worsening according to IL-6
quartiles

HR values (95% CI),

univariate

HR values (95% CI),

multivariate

IL-6 levels (pg/mL)

<6.8 0.17 (0.06-0.43) 0.20 (0.08-0.51)

6.8-13.8 0.34 (0.18-0.67) 0.42 (0.21-0.85)

13.8-27.8 0.48 (0.26-0.89) 0.50 (0.27-0.92)

>27.8 1 1

Age (10 y) 1.35 (1.12-1.64) 1.25 (1.02-1.53)

Sex (male) 1.81 (1.03-3.18) 1.68 (0.95-2.97)

CI, Confidence interval; HR, hazard ratio.
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maximum value of 250.7 pg/mL. Figure 1 shows Kaplan-Meier
survival plots for IL-6 quartile subgroups. Using Cox regression
analysis, we observed a progressive and statistically significant
decreased risk for developing the negative clinical outcome
(worsening) moving from the third quartile of IL-6 to the lowest
one, in comparison with the highest one (Table II) (P < .001).
Harrell’s C was 0.72 when IL-6 was used as a continuous
covariate in the model. These data are suggestive of a moderate/
satisfactory predictive performance of IL-6 serum levels at
admission regarding the clinical course of COVID-19 disease.

The predictive value of IL-6 was maintained when age and sex
were added to the Cox model (Table II; likelihood ratio test for
the overall effect of IL-6 quartiles, P ¼ .008), with age (P ¼
.028) but not sex (P ¼ .073) crossing the threshold of nominal
statistical significance.

Relationship between IL-6 and other serological

measures
Taking into account that IL-6 is essential for CRP synthesis in

the liver and many other laboratory alterations are detectable in
patients with COVID-19, we then analyzed the correlation of
IL-6 serum levels with other parameters. A statistically, although



FIGURE 2. ROC curves with area under the curve (AUC) values
for prediction of clinical worsening within 3 days of admission for
each predictor included in the model (SF ratio, IL-6, and CRP) and
for the combined score. CRP, C-reactive protein; ROC, receiver
operating characteristic; SF ratio, SaO2/FiO2.
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moderately, significant (P < .05) Spearman r correlation with
basal IL-6 levels was found for CRP (0.58), LDH (0.45), ferritin
(0.45), SF ratio (0.30), neutrophil count (0.29), fibrinogen
(0.26), and D-dimer (0.24). IL-6 concentration was negatively
correlated with lymphocyte (�0.37), monocyte (�0.29), and
eosinophil counts (�0.21) (P < .05) (Table E1, available in this
article’s Online Repository at www.jaci-inpractice.org).

Predictive performance of a combined score

including IL-6, CRP, and SF ratio

In logistic regression models, several variables were strongly
associated with 3-day worsening (AUC > 0.70, P � .001). The
highest AUC was achieved by SF ratio (0.82), followed by IL-6
(0.77), CRP (0.76), LDH (0.76), and ferritin (0.70). A weaker
but statistically significant association (AUC < 0.70, P < .05)
was found for lymphocyte count (0.69), neutrophil count (0.68),
fibrinogen (0.65), white cell count (0.64), and AACI (0.59).
Figure E1 (available in this article’s Online Repository at www.
jaci-inpractice.org) presents additional information on the
ROC curves and AUCs for all variables recorded in the study.

The stepwise logistic regression model retained IL-6, CRP,
and SF ratio as predictors and yielded good discrimination
(AUC ¼ 0.879) and good calibration (Hosmer and Lemeshow
goodness-of-fit test, P ¼ .577). The 3-variable model
(Logit(p) ¼ �0.5541 þ SF � �0.00774 þ PCR � 0.00946 þ
IL-6 � 0.01717) was significantly better in predicting 3-day
worsening than IL-6 (P ¼ .005), CRP (P ¼ .003), and SF
ratio alone (P ¼ .014), as shown with ROC curves in Figure 2.
The score computed to predict 3-day worsening also showed
good performance for 7-day worsening (AUC ¼ 0.86) and 14- or
21-day worsening (AUC ¼ 0.83). The model also had a good
performance in predicting death (n ¼ 26) occurring during all
the follow-up in the admitting unit or in ICU (AUC ¼ 0.82).
Fibrinogen and D-dimer were not included in the stepwise
regression model due to incomplete data, but they showed a
modest univariate predictive performance.

Figure 3 shows a nomogram predicting the probability of 3-
day worsening. The best discrimination between stable or
improved versus worsened patients was obtained at low scores,
that is, when all 3 parameters were near normal. At less than
10% predicted probability of worsening, 3 of 109 patients
worsened (negative predictive value ¼ 97%, 95% confidence
interval [CI]: 22%-99%), and 42 of 99 patients worsened above
this level (positive predictive value ¼ 42%, 95% CI: 33%-53%).

DISCUSSION
Because of the rapid evolution of lung inflammatory processes

leading to severe and potentially life-threatening forms of
COVID-19, the early identification of predictive clinical signs
and biochemical markers is still a medical unmet need in SARS-
CoV-2-infected patients. In our study, regarding patients with
moderate-to-severe COVID-19, elevated serum IL-6 levels,
obtained at the time of ward admission, predicted high risk for
further deterioration in clinical condition (worsening of respira-
tory failure during hospitalization, ICU admission, or death),
occurring as early as the following 3 days. The study also showed
that other variables correlate with the risk of worsening (age,
CRP, LDH, SF ratio, D-dimer, leucocyte, and neutrophil
counts). Among these, IL-6, CRP, and SF ratio were the best
predictors and their combination improved the predictive power.
Hence, we produced a nomogram allowing for a predictive score
calculation with descriptive purposes regarding the relative
contribution of each variable to prediction. As for any predictive
score, further elaboration with external validation in large
multicenter studies is necessary before it is used for clinical de-
cision making. The best discrimination was achieved at low levels
of predicted probability, and, if validated, the score we suggest
may be used for triage of patients with COVID-19 to more
appropriately allocate them into low- or medium-intensity care
settings.

To our knowledge, this is the first study that combines clinical
parameters (SF ratio) and serological biomarkers (IL-6 and CRP)
in the prediction of clinical deterioration of patients with
moderate-to-severe COVID-19.

It is important to note that our suggested combined score is
predictive of disease evolution within the first 3 days after hos-
pital admission. The early identification of patients at risk of
clinical deterioration is of particular interest considering the
timeline of COVID-19 cases after the onset of symptoms.
In fact, the experience in Wuhan Hospital (China) showed a 3.5-
day median time from first hospital admission to ICU
admission.5

Our study has some limitations. First, patients were included
at a single university-based institution, and as for any predictive
model, an external validation in other clinical settings is also
mandatory Second, the sample size is relatively small considering
the commonly accepted rule-of-thumb that at least 15 events per
covariate are needed in a regression model; future confirmations
of our data in a larger case series of patients with COVID-19 are
desirable. Because of the limited sample size, further studies may
lead to finding different sets of predictors with similar or better
performance. Third, our primary analysis was short term (3
days); however, this is related to the aim of our model regarding
clinical decision making, which was triage of patients admitted
for moderate-to-severe COVID, and our model did well also for
long-term outcome and death. Fourth, partial data were available
for variables of interest such as D-dimer, which on the other
hand did not show a strong univariate predictive value. None-
theless, we have shown that there is potential for a predictive
model using objective biochemical and physiological measures

http://www.jaci-inpractice.org
http://www.jaci-inpractice.org
http://www.jaci-inpractice.org


FIGURE 3. Nomogram for predicting clinical deterioration of noncritical COVID-19 within 3 days on admission. To use the nomogram: for
each predictor, determine the corresponding points by drawing a straight line up from the patient’s value; sum the points obtained for
each predictor; and locate the total sum on the upper point line. Identify the corresponding value in the linear predictor scale by drawing a
straight line down. Values to the right of the green line predict 3-day worsening, and values to the left predict no-worsening. PCR,
Polymerase chain reaction; SF ratio, SaO2/FiO2.
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to allocate patients with moderate-to-severe COVID to the
appropriate care setting.

Although older age and comorbidities were significantly
associated with higher risks of the development of acute respi-
ratory distress syndrome,5 an overall comorbidity measure such
as the age-adjusted Charlson comorbidity index did not improve
our predictive model.

The identification of patients at risk as early as possible would
also allow more appropriate anti-inflammatory treatments before
the full-blown ARDS phase, when cellular and molecular
mechanisms are more difficult to control. Indeed, during severe
coronavirus infections such as SARS and Middle East respiratory
syndrome, pathology is frequently not directly due to the cyto-
pathic activity of the virus, but instead related to a “cytokine
storm.” Increased serum levels of proinflammatory cytokines and
chemokines (IL-6, IL-1b, IL-12, CCL2, CXCL10) have been
previously shown in patients with SARS with severe pulmonary
involvement.16 Accordingly, in patients with severe and critical
COVID-19, increased plasma levels of several cytokines and
chemokines, including IL-6, have been recently reported.5,17
The increased ability to produce IL-6 under different clinical
conditions seems to be dependent on single IL-6 gene poly-
morphisms.18 A dysregulation of the IL-6 production could be
envisaged in COVID-19 subjects as responsible for the rapid
evolution toward a more severe disease. For all these reasons,
intercepting the initial phase of worsening during SARS-CoV-2
infection may be crucial for an early therapeutic intervention
to modulate the exaggerated immune response.

IL-6 is a pleiotropic proinflammatory multifunctional cyto-
kine, produced by a variety of cell types such as monocytes/
macrophages, adipocytes, muscle cells, and hematopoietic cells.19

IL-6 produced during immune-mediated inflammatory processes
is the main driver for CPR production by hepatocytes20; there-
fore, we might speculate a rise in serum IL-6 before the increase
of CRP. Therefore, IL-6 serum levels could be considered as a
very early biomarker in patients with COVID-19. This biological
relationship between IL-6 and CRP synthesis may explain why
both IL-6 and CRP maintain higher significant predictive power
in comparison with the other parameters in our stepwise statis-
tical analysis.
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Thromboembolism is rapidly emerging as a key clinical
concern in COVID-19 in addition to pneumonia. A massive
endothelial dysfunction in COVID-19 is caused by a direct
virus-induced damage, an IL-6-rich inflammatory microenvi-
ronment, and the development, at least in some patients, of
procoagulant autoantibodies.21-23 Of note, endothelial cells are
one of the most important sources of IL-6 during severe cytokine
release syndrome (CRS).24,25 The initial coagulopathy of
COVID-19 presents with prominent of D-dimer and fibrin/
fibrinogen degradation products.26 In our study, we did not
collect clinical and imaging data on thromboembolism, but we
assessed the predictive value of D-dimer at admission and it was
not selected as a key predictor in our model.

Although our study does not deal with therapeutic options in
patients with COVID-19, the finding of specific pathogenic
factors in individual subjects may support the choice of a treat-
to-target strategy, as in the case of anti-IL-6R monoclonal
antibody in patients with COVID-19.27 However, considering
the multiple cytokines resulting from the activation of both
innate and adaptive immune response during CRS, pending the
results of ongoing clinical trials with various biotechnological
drugs (anti-IL-1R, JAK inhibitors, BTK inhibitors, etc.), a
therapeutic strategy able to simultaneously block the multiple
mediators involved, such as steroids and antimalarial, may be
considered.

In conclusion, taking the caveats we discussed into account,
we have shown that early worsening of patients with moderate-
to-severe COVID-19 can be predicted using a combination of
simple clinical and biochemical parameters.
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TABLE E1. Pairwise Spearman correlation between all study variables

IL-6 1

Age 0.32 1

SF ratio L0.30 L0.33 1

CRP 0.58 0.24 L0.44 1

LDH 0.45 0.23 L0.51 0.48 1

WBC 0.13 0.03 L0.21 0.32 0.35 1

Neu 0.29 0.13 L0.34 0.50 0.49 0.91 1

Lymph L0.37 L0.31 0.31 L0.36 L0.23 0.26 �0.06 1

Mono L0.29 �0.16 0.29 L0.29 L0.27 0.42 0.20 0.51 1

Eos L0.21 �0.19 0.38 �0.12 �0.10 0.29 0.17 0.34 0.38 1

Ferritine 0.45 0.18 L0.54 0.49 0.53 0.12 0.27 L0.24 L0.29 L0.30 1

D-dimer 0.24 0.33 L0.31 0.28 0.44 0.24 0.36 L0.27 L0.18 �0.09 0.28 1

Fibr 0.26 �0.18 �0.18 0.49 0.19 0.13 0.19 L0.08 L0.11 L0.10 0.26 �0.11 1

IL-6 Age SF ratio CRP LDH WBC Neu Lymph Mono Eos Ferritine D-dimer Fibr

Correlations reaching statistical significance at P < .05 are in bold.
CRP, C-reactive protein; Eos, eosinophils; Fibr, fibrinogen; LDH, lactate dehydrogenase; Lymph, lymphocytes;Mono, monocytes; Neu, neutrophils; SF ratio, SaO2/FiO2;WBC,
white blood cells.



FIGURE E1. ROC curves with area under the curve (AUC) values for prediction of clinical worsening within 3 days of admission for each
study variable (age, IL-6, SF ratio, CRP, LDH, white blood cells, neutrophils, lymphocytes, monocytes, eosinophils, ferritin, D-dimer
and fibrinogen, age-adjusted Charlson comorbidity index). CRP, C-reactive protein; LDH, lactate dehydrogenase; ROC, receiver operating
characteristic; SF ratio, SaO2/FiO2.
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