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Influence of IL-6 levels on patient survival

in COVID-19
tween eventual survivors and non-survivors (AUROC 0·67, p = 0.020)
(Fig. 1). Admission levels of IL-6 had better discriminatory value for
Table 1
Baseline demographics, seroconversion rates and treatments used for patients subdivided
byWorld Health Organisation (WHO) COVID-19 ordinal severity scale. WHO 4–5 (hospi-
talized with or without supplemental oxygen via nasal prongs or face mask), WHO 6–9
(hospitalized requiring non-invasive or invasive respiratory support), and WHO 10 (died
followinghospital admission). Ct value (cycle threshold) represents viral load, with higher
values representing a lower viral load.

WHO 4–5 WHO 6–9 WHO 10 p-value

Number of patients 44 (51%) 22 (26%) 20 (23%) –
Male sex 24 (56%) 16 (73%) 15 (75%) 0.219
Age (years) 59

(46–69)
59
(47–68)

73
(65–83)

0.002

Days from symptom onset to
hospital admission

10 (5–14) 7 (4–10) 5 (2–7) 0.034

SpO2:FiO2 ratio (mmHg) 448
(424–462)

402
(260–448)

395
(107–457)

<0.001

C-reactive protein (mg/L) 78
(32−121)

214
(94–288)

166
(75–342)

<0.001

Lymphocyte count (109/L) 1.1
(0.7–1.6)

0.7
(0.6–1.0)

0.8
(0.5–1.4)

0.047

Ct value* 38
(35–43)

33
(29–41)

36
(36–43)

0.018

Co-morbid illness
- Diabetes mellitus 9 (21%) 3 (14%) 6 (30%) 0.426
- Hypertension 15 (34%) 5 (23%) 11 (55%) 0.087
- Cardiovascular disease 4 (9%) 0 (0%) 3 (15%) 0.196
- Smoker 5 (11%) 2 (9%) 0 (0%) 0.300

Seroconversion (anti-SARS-CoV-2
antibody positive)

32 (73%) 15 (71%) 9 (45%) 0.079

Neutralising antibody titre (log10) 2.9
(2.2–2.3)

3.2
(3.0–3.8)

3.0
(2.7–3.7)

0.149

IL-6 levels (pg/ml) 8 (3–18) 26
(13–83)

22
(14–44)

<0.001

Treatments
Steroid 2 (5%) 3 (14%) 6 (30%) 0.019
Antiviral 0 (0%) 1 (5%) 1 (5%) 0.329
Editor

COVID-19 is characterized by a proinflammatory phenotype,with an
underlying cytokine storm thought to be key in determining disease se-
verity. Levels of the proinflammatory cytokine interleukin-6 (IL-6) dis-
criminate between patients with mild and severe disease, [1] making
IL-6 inhibition an attractive therapeutic strategy [2].

Despite a common underlying aetiology of COVID-19, outcomes
from clinical trials are not consistent. Whilst some studies demonstrate
an association between the use of Tocilizumab and reduction inmortal-
ity [3], others have been terminated early due to excess mortality
associated with Tocilizumab [4]. It is difficult to reconcile such conflict-
ing data. We therefore explored the association between patient
demographics, respiratory failure severity, and IL-6 levels on mortality
in a cohort of hospitalized COVID-19 patients whowere naïve to immu-
notherapy. Differences in clinical outcome between clinical trials may
relate to variable pre-treatment levels of IL-6.

We included patients aged ≥18 years admitted to University College
London Hospitals with a positive real-time reverse transcription–
polymerase chain reaction (rRT-PCR) test for SARS-CoV-2 RNA between
1 March and 30 June 2020, following local research ethics committee
approval (REC reference 20/HRA/2505). Multiplex panels (MesoScale
Discovery, Rockville, MD, USA) were used to analyse IL-6. For this anal-
ysis, blood was centrifuged within 4 h of collection, separated and sera
frozen at−80 °C before batch analysis.

Continuous and categorical variables are reported as median (inter-
quartile range) and n (%), respectively. Comparison of non-parametric
continuous data betweengroupswas performedusing theKruskalWallis
test (for comparisonbetween>2groups). Cytokine valueswere analysed
on a logarithmic scale. Categorical data were compared using the chi-
square test. Area under the receiver operator curve (AUROC) was con-
structed to ascertain the predictive value of IL-6 for mortality. Graphs
were constructed, and statistical analysis performed using Prism 9.0
(GraphPad Software, La Jolla, CA, USA) and SPSS version 24.0 (IBMCorp).

Eighty-six COVID-19 patients were included; 44 (51%) patients with
mild disease, 22 (26%) with critical illness who survived, and 20 (23%)
who died in hospital. Patients who died were older than those who
survived critical illness or those with mild disease (both p = 0·002).
Compared to patients with mild disease, progression to critical illness
and death was associated with severity of respiratory failure (lower
SpO2:FiO2 ratio) (p < 0.001) and higher levels of CRP (p < 0·001) on
admission (Table 1).
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IL-6 levels are significantly higher among patients who develop crit-
ical illness or who subsequently die compared to patients with mild ill-
ness (p < 0.001). Levels of IL-6 on admission correlated well with CRP
(r2 = 0.398; P < 0.001). On hospital admission, IL-6 discriminated be-

development of critical illness or death compared to patients with
mild illness (AUROC 0.78, p < 0.001).

We found a good correlation between serum IL-6 and CRP; IL-6
being a key regulator of C-reactive protein (CRP) production. However,
co-interventions, particularly the use of corticosteroids, affect CRP
levels. This may explain the lack of association between the treatment
effect of Tocilizumab with baseline CRP in clinical trials [5]. Further-
more, a significant proportion of our patients had IL-6 levels that were
only marginally elevated, consistent with other studies. [6] No clinical
Continuous positive airways
pressure

– 21 (95%) 13 (65%) –

Mechanical ventilation – 7 (32%) 7 (35%) –
Vasopressors – 7 (32%) 7 (35%) –
Renal replacement therapy – 0 (0%) 3 (15%) –

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jcrc.2021.08.013&domain=pdf
https://doi.org/10.1016/j.jcrc.2021.08.013
Journal logo
https://doi.org/10.1016/j.jcrc.2021.08.013
http://www.sciencedirect.com/science/journal/
www.journals.elsevier.com/journal-of-critical-care


Fig. 1. Interleukin-6 levels in hospitalized patients with COVID-19. Patients subdivided
by World Health Organisation (WHO) COVID-19 ordinal severity scale. WHO 4–5
(hospitalized with or without supplemental oxygen via nasal prongs or face mask (mild
disease)), WHO 6–9 (hospitalized requiring non-invasive or invasive respiratory support
(critical illness)), and WHO 10 (died following hospital admission). (a) IL-6 levels are
significantly higher among patients who develop critical illness or who subsequently die
compared to patients with mild illness (p < 0.001). (b). Levels of IL-6 on admission
correlate well with CRP (r2 = 0.398; P < 0.001). (c–d) Admission levels of IL-6 had
discriminatory value for development of critical illness or death compared to patients with
mild illness (AUROC 0.78, p < 0.001). In comparison, the ability of IL-6 to discriminate
between survivors and non- survivors was less effective (AUROC 0.67, p=0.020).
Comparison of continuous data between groups was performed using the Kruskal Wallis.
Pearsons correlation is used to assess correlation between IL-6 and CRP levels. Area under
the receiver operator curve (AUROC) was constructed to ascertain the predictive value of
cytokines for mortality.
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trial investigating the use of IL-6 receptor antagonists have stratified
patients based on circulating levels of IL-6 levels [5].

Personalizedmedicine has struggled tofind a foothold in critical care
trials. Patient stratification by theragnostic biomarker levels will allow
clinicians to identify thosewhomay specifically benefit from treatment,
and avoid possible harm in patients where treatment is likely to be
futile.
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