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A B S T R A C T

Objectives: We aimed to explore cytokine profile in patients as it relates to Coronavirus Disease 2019
(COVID-19) severity, and to establish a predictive cytokine score to discriminate severe from non-severe
cases and provide a prognosis parameter for patients that will require intensive care unit (ICU) transfer.
Methods: Serum samples of 63 patients diagnosed with SARS-CoV-2 infection were collected early after
hospital admission (day 0–3). Patients were categorized in five groups based on the clinical presentation,
the PaO2/FiO2 ratio and the requirement of mechanical ventilation.
Results: Three cytokines, IL-6, IL-8 and IL-10, were markedly higher in severe forms (n = 44) than in non-
severe forms (n = 19) (p < 0.005). A score combining levels of these three cytokines (IL-6*IL-8*IL-10) had
the highest performance to predict severity: sensitivity of 86.4% (95% CI, 72.4–94.8) and specificity of
94.7% (95% CI, 74.0–99.9) for a cutoff value of 2068 pg/mL. Elevated levels of IL-6, IL-8 and IL-10 were also
found in critically ill patients. The combination of IL-6*IL-10 serum levels allowed the highest
predictability for ICU transfer: AUC of 0.898 (p < 0.0001).
Conclusion: The combinatorial IL-6*IL-8*IL-10 score at presentation was highly predictive of the
progression to a severe form of the disease, and could contribute to improve patient triage and to adapt
therapeutic strategy within clinical trials more accurately and efficiently.
© 2020 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).

Introduction

The novel SARS-CoV-2 has spread rapidly in most regions of the
world, and COVID-19 was declared as a pandemic by the WHO on
March 11, 2020 (Zhu et al., 2020a). Health care centers across the
world had to adapt their practice to deal with the crisis by urgent
mobilization of resources, especially in ICUs. In this pandemic
situation with overcrowded emergency rooms and overwhelmed
ICUs, early identification of patients with severe forms or needing
intensive care has become crucial for optimal clinical management.

Previous studies have suggested a role of host immune response
in the severity of the disease (Vabret et al., 2020). Cytokines are

easily evaluable in serum and have been proposed as potential
immunological biomarkers for predicting disease progression
(Zhu et al., 2020b; Lucas et al., 2020).

The aim of the present study was to determine among a panel of
cytokines which of them were possibly predictive of the
development of a severe or critical issue when measured early
during the course of the disease.

Methods

Sixty-three patients diagnosed with SARS-CoV-2 infection and
admitted to Brugmann University Hospital (Brussels, Belgium)
between March and May 2020 were prospectively enrolled in this
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study. Serum samples for all patients were collected at day 0, 1, 2 or
3 after hospital admission (mean day, 1.7). SARS-CoV-2 infection
was confirmed by RT-PCR and/or chest-CT.
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The SARS-CoV-2 infected patients were classified according to
he severity of illness into five groups as follows (WHO, 2020):

a) Mild illness (n = 9): mild clinical symptoms,
b) Moderate illness (n = 10): lower airway respiratory symptoms

or chest-CT scan finding of pneumonia without the need for
supplemental oxygen,

c) Severe illness (n = 9): respiratory distress or SpO2 � 93% or
PaO2/FiO2 � 300 mmHg,

d) Critical illness (n = 18): respiratory failure requiring mechani-
cal ventilation or shock or end organ failure requiring ICU
monitoring,

e) COVID-19 patients who died (n = 17).

The cytokine profile of 12 cytokines (IL-1b, IL-2, IL-4, IL-6, IL-8,
L-10, IL-12, IL-13, IL-17, IL-18, TNFα and INF-g) was assessed in the
ifferent subgroups using an electrochemiluminescence plate-
ased assay (MSD, Meso Scale Discovery, MD, USA).
Performances of cytokines were compared to readily available

nflammatory markers. C-reactive protein (CRP) levels were
easured on a Cobas c702 Platform (Roche Diagnostics) and

fibrinogen was determined using a Sysmex CS-5100 analyzer
(Siemens Healthcare Diagnostics).

Results

During the study period, 63 patients were included (Table 1).
Serum levels of IL-6 and IL-10 gradually increased with the severity
of the disease course (Figure 2, Suppl). IL-6 and IL-10 levels were
significantly higher in the critical group when compared to the
mild group (IL-6 p < 0.0001, IL-10 p < 0.01) or the moderate group
(IL-6 p < 0.01, IL-10 p < 0.05). Other cytokines did not discriminate
between the five subgroups of patients based on severity of illness.
Some cytokines were even undetectable in some patients (IL-1b,
IL-2, IL-4, IL-12, IL-13).

We further divided patients in two groups: severe versus non-
severe and critically versus non-critically ill cases. IL-6 (p < 0.0001),
IL-10 (p < 0.0001) and IL-8 (p < 0.0033), were significantly
increased in severe cases (n = 44) versus non-severe cases (n = 19)
(Figure 3A, Suppl), and in critically ill patients (n = 35) versus non-
critically ill patients (n = 28) (IL-6 p < 0.0001, IL-10 p < 0.0001 and
IL-8 p < 0.0337) (Figure 3B, Suppl).

able 1
emographic and baseline characteristics of patients with COVID-19.

Mild Moderate Severe Critical COVID who died Total

n 9 10 9 18 17 63
Age (median, years) 81.7 73.4 69.9 61.8 78 72.7
Age (min-max, years) (32.4�88.2) (18.6�92.6) (30.8�92.2) (36.5�78.2) (60.2�95.9) (18.6�95.9)

Gender
Female 6 5 5 3 6 25
Male 3 5 4 15 11 38

Comorbidity
Hypertension 7/9 (78 %) 5/10 (50 %) 5/9 (55 %) 10/18 (55 %) 9/17 (53 %) 36/63 (57 %)
Cardiovascular disease 8/9 (89 %) 5/10 (50 %) 4/9 (44 %) 6/18 (33 %) 10/17 (59 %) 33/63 (52 %)
Chronic respiratory disease 3/9 (33 %) 1/10 (10 %) 2/9 (22 %) 2/18 (11 %) 3/17 (18 %) 11/63 (17 %)
Diabetes 1/9 (11 %) 5/10 (50 %) 2/9 (22 %) 7/18 (39 %) 5/17 (29 %) 20/63 (32 %)
Obesity 2/9 (22 %) 4/10 (40 %) 5/9 (55 %) 5/18 (28 %) 2/17 (12 %) 18/63 (29 %)

able 2
OC curve analysis of cytokines, CRP and fibrinogen levels.

IL-6 IL-8 IL-10 IL-6*IL-10 IL-6*IL-
10*IL-8

IL-6*IL-8 CRP Fibrinogen

Non-severe vs severe
group

AUC 0,885 0,736 0,827 0,896 0,904 0,880 0,855 0,701
95% CI 0,783�0,987 0,600�0,781 0,703�0,950 0,806�0,986 0,810�0,999 0,784�0,977 0,753�0,958 0,525�0,877
P value <0,0001 0,003 <0,0001 <0,0001 <0,0001 <0,0001 <0,0001 0,043
Sensitivity, % (95% CI) 54,6

(38,9�69,6)
43,2
(28,4�59,0)

386
(24,4�54,5)

72,7
(57,2�85,0)

86,4
(72,7�94,8)

56,8
(41,0�71,7)

45,5
(30,4�61,2)

65,0
(48,3�79,4)

Specificity, % (95% CI) 94,7
(74,0�99,9)

89,5
(66,9�98,7)

94,7
(74,0�99,9)

94,7
(74,0�99,9)

94,7
(74,0�99,9)

94,7
(74,0�99,9)

94,7
(74,0�99,9)

81,8
(48,2�97,7)

Positive-predictive
value, %

37,2 33,1 29,4 44,0 48,3 38,1 33,0 44,9

Negative-predictive
value, %

63,5 67,6 71,3 56,6 52,2 62,6 67,7 55,7

Non-critical vs critical
group

AUC 0,867 0,657 0,844 0,898 0,856 0,803 0,862 0,751
95% CI 0,778�0,957 0,517�0,798 0,741�0,947 0,821�0,975 0,758�0,955 0,690�0,916 0,775�0,950 0,606�0,896
P value <0,0001 0,033 <0,0001 <0,0001 <0,0001 <0,0001 <0,0001 0,003
Sensitivity, % (95% CI) 34,3

(19,1�52,2)
14,3
(4,8�30,3)

45,7
(28,8�63,3)

51,4
(34,0�68,6)

22,9
(10,4�40,1)

28,6
(14,6�46,3)

54,3
(36,7�71,2)

57,6
(39,2�74,5)

Specificity, % (95% CI) 96,4 96,4 96,4 96,4 96,4 96,4 96,4 83,3

(81,7�99,9) (81,7�99,9) (81,7�99,9) (81,7�99,9) (81,7�99,9) (81,7�99,9) (81,7�99,9) (58,6�96,4)

Positive-predictive
value, %

26,8 13,2 32,8 35,4 19,6 23,4 36,7 41,6

Negative-predictive
value, %

74,0 87,7 67,9 65,3 81,2 77,4 64,0 59,1

UC, area under the curve; CI, confidence interval.
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The AUC of IL-6, which was used for early prediction of the
severity of COVID-19, was 0.885 (95% CI, 0.783�0.987, p < 0.0001)
and was higher than the AUC obtained with conventional
inflammatory markers (CRP, AUC 0.855 (95% CI, 0.753�0.958)
and fibrinogen 0.701 (95% CI, 0.525�0.877)) Table 2. Multiplication
of levels of IL-6*IL-10*IL-8 into one score allowed an AUC reaching
0.904 (95% CI, 0.810�0.999). A cutoff value of the score at 2068 pg/
mL showed high sensitivity (86.4%, 95% CI 72.7�94.8) and
specificity (94.7%, 95% CI 74.0�99.9) (Figure 1A).

For diagnosis of critical cases, AUC of IL-6, IL-8 and IL-10 ranged from
0.657 to 0.867 with IL-6 showing the largest AUC (95% CI, 0.778�0.957,
p < 0.0001). The combined measure of IL-6 and IL-10 increased the AUC
to0.898(95%CI,0.821�0.975,p<0.0001)withasensitivityof51.4%(95%
CI, 34.0�68.8) and a specificity of 96.4% (95% CI, 81.7�99.9) for a cutoff
value of 178 pg/mL (Figure 1B). In comparison, performance of CRP and
fibrinogen were lower (CRP, AUC 0.862 (95% CI, 0.775�0.950) and
fibrinogen 0.751 (95% CI, 0.60�0.896)).

Next, we classified patients into two groups according to the
optimal threshold of the cytokines obtained with the ROC curve
analysis. Kaplan-Meier curves were constructed to assess the
differences in ICU transfer between the high and low levels of
cytokines. The follow-up time frame was calculated from the date
of hospital admission to date of ICU transfer or death, or end of
follow-up period. Patients with IL-6 or IL-10 higher than the
optimal threshold (IL-6 > 49 pg/mL, IL-10 > 6 pg/mL) in the 3 first
days of hospitalization were more likely to need ICU transfer (log-
rank test, p < 0.0001 and p = 0.002, respectively) (Figure 1C, D).

Discussion

As previously described, we confirm that serum levels of pro-
inflammatory and anti-inflammatory cytokines increase with
severity of outcome of COVID-19 (Wilson et al., 2020), suggesting
that the early inflammatory response could play a role in the
severity of the disease, but also provides a potentially useful tool
for early management of patients with severe forms.

The cytokine IL-6 has been the focus of several studies and has
been proposed as a marker for disease prognosis in patients with

COVID-19; higher levels correlated with severity, need for invasive
ventilation, ICU admission and poor prognosis (Zhu et al., 2020b;
Lucas et al., 2020; Chen et al., 2020b). While elevated levels of
cytokines IL-8 and IL-10 have previously been associated with
disease severity of COVID-19 (Chen et al., 2020a; Wan et al., 2020),
their predictive power remains unclear.

We demonstrate in this study the predictive ability of IL-6, IL-8
and IL-10 to diagnose and anticipate severe or critical evolution of
COVID-19. IL-6 had higher performance to predict the severe or
critical outcome of COVID-19 than cytokines IL-8 and IL-10 but also
than the conventional inflammatory markers CRP and fibrinogen.
Interestingly, we also show that combining the levels of these three
cytokines (multiplication of levels of IL-6*IL-10*IL-8) into one score
allowed a better discrimination among the severe and non-severe
groups than the use of isolated cytokine levels. A cutoff value of the
score at 2068 pg/mL showed the best performance with high
sensitivity and specificity. For predicting critical forms of COVID-
19, the combined detection of cytokines IL-6 and IL-10 (multipli-
cation of levels of IL-6*IL-10) was the most performant.

To our knowledge, this study is the first to demonstrate the
prediction ability of the combination of cytokines for the need to
transfer COVID-19 patients to the ICU. This is of high clinical
relevance as the score could help early adequate triaging of
patients to optimize hospital workflow and resource planning,
which were particularly problematic during the pandemic situa-
tion. This early identification of a particular inflammatory profile
could also help physicians to better select patients who might
benefit from an early-adapted anti-inflammatory treatment.

The present study has several limitations. First, the sample size
is relatively small. Second, data from negative controls is lacking
due to the government’s policy to restrict the flow of people to
hospital. Further studies at larger scale are needed to corroborate
the predictive power of cytokines to assess disease severity.

In summary, cytokines are easily obtained in clinical practice
and can be used to accurately predict outcome in patients with
COVID-19. We propose a combinatorial analysis of three cytokines
(IL-6, IL-8 and IL-10) to predict disease progression with higher
performance than conventional inflammatory markers.
Figure 1. Predictive power of early cytokine measurement.
ROC curves of cytokines, CRP and fibrinogen levels to diagnose (A) non-severe versus severe and (B) critical versus non-critical patients with COVID-19.
Kaplan-Meier analyses of ICU transfer in patients with (C) low (n = 50) versus high IL-6 levels (n = 13), (D) low (n = 46) versus high IL-10 levels (n = 17) and (E) low (n = 44) versus
high IL-6*IL-10 score (n = 19).
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