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ABSTRACT

Background: Elevated Interleukin-6 (IL-6) may play an important role in the pathophysiology of COVID-19 yet attenuated response is not seen across all severe
patients. We aimed to determine the effect of IL-6 baseline levels and other clinical variables on mortality and outcomes in hospitalized COVID-19 patients as well as
to explore genetic variants associated with attenuated IL-6 response.

Methods: Baseline IL-6 cytokine levels were measured in hospitalized patients participating in ongoing ODYSSEY phase 3 randomized study of tradipitant and placebo
in hospitalized patients with severe COVID-19 who are receiving supplemental oxygen support. Furthermore blood samples for whole genome sequencing analysis
were collected from 150 participants.

Results: We report significantly elevated IL-6 in COVID-19 infected hospitalized patients, n = 100 (p-value < 0.0001) when compared to controls n = 324. We also
report a significantly increased level of IL-6 (p-value < 0.01) between the severe and mild COVID-19 patients with severity defined on a WHO scale. Excessive IL-6
plasma levels correlate with higher mortality (p-value 0.001). Additionally, based on our classification analysis, combination of IL-6 elevation and high levels of
serum glucose can identify highest risk-group of COVID19 patients.

Furthermore, we explore the role of genetic regulatory variants affecting baseline IL-6 levels specifically in COVID-19 patients. We have directly tested the association
between variants in the IL6 and IL6R gene region and IL6 plasma levels. We provide results for a common IL-6 variant previously associated with pneumonia,
rs1800795, and rs2228145 that was previously shown to affect IL-6 plasma levels, as well as report on novel variants associated with IL-6 plasma levels detected in
our study patients.

Conclusions: While it is unlikely that “cytokine storm” is the norm in severe COVID19, baseline elevations above 150 pg/ml may be associated with worst outcomes
and as such may warrant treatment considerations. So far no clinical studies used IL-6 baseline assessment to stratify the patient population participating in clinical
studies. We believe that careful examination and interpretation of the IL-6 levels and genetic variants can help to determine a patient population with a potentially
very robust clinical response to IL-6 inhibition.

Trial Registration: Clinicaltrials.gov: NCT04326426.

1. Background

Elevated IL-6 may play an important biomarker in the body’s
response to and course of coronavirus disease 2019 (COVID-19) [1]. In
Covid-19 positive patients, a high number of T lymphocytes and
mononuclear macrophages are activated, resulting in increased pro-
duction of IL-6, binding the IL-6 receptor ultimately resulting in cytokine
storm [2]. Interleukin 6 is a potent pleiotropic cytokine that regulates
cell growth and differentiation and plays an important role in the im-
mune response. High IL-6 serum levels have been associated with
various attenuated immune responses, associated with asthma, atopic
dermatitis and recently in COVID-19. IL-6 and TNF-x serum levels are
associated with early death in community-acquired pneumonia patients
[3]. Recently, Kox et al., and other studies reported cytokine levels in
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critically ill patients with COVID-19 and compared those levels in pa-
tients with other critical illnesses [4,5]. We believe we are able to
contribute to the current knowledge on cytokines response as we have
conducted a controlled clinical study on hospitalized COVID-19 pa-
tients. We have used a panel consisting of 13 cytokines measuring
baseline cytokine levels in all our clinical study participants. Our pri-
mary focus was studying the distribution of IL-6 at baseline.

Beyond exploring the plasma cytokine levels at baseline we further
explore genetic variants in the IL-6 and IL6R gene region to see if certain
variants act as risk loci in terms of IL-6 response. We have conducted
whole genome sequencing analysis of the samples collected to explore
the potential role of genetic variants affecting plasma IL-6 levels [6].
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2. Results
2.1. IL-6

As part of explorative tests on patients participating in our trial we
measured baseline plasma cytokine levels of IL-6. We report baseline
demographic summary as follows: sex (male) 65.2%, mean age 62.6,
mean BMI 32.1. Fig. 1 shows IL-6 distribution based on baseline samples
obtained from our study cohort. We report significantly elevated IL-6 in
COVID-19 infected hospitalized patients, n = 106 (p-value < 0.0001)
when compared to controls n = 324. IL-6 levels above 300 pg/mL were
associated with elevated mortality when compared to the rest of the
COVID-19 patient cohort (55.5% vs 5.2%, p-value < 0.001). Addition-
ally IL-6 levels were higher among advanced clinical patients (baseline,
WHO2/3 vs WHO4/5, p-value < 0.015. COVID-19 hospitalized patients
had significantly higher levels of IL-6 compared to Atopic dermatitis
patients. Our clinical samples also seem to have a higher IL-6 baseline,
average values than those recently reported COVID-19 ARDS cases in
Kox et al [4]. We additionally assessed the effects of sex, age, and BMI
(Supplementary Fig. 1). In this cohort, sex and BMI did not have an
effect (no statistically significant difference reported across BMI nor
between males and females). The effect of age was trending with older
individuals (>=65 years old) having higher IL6 levels (result did not
attain statistical significance p-value = 0.06).

For all the patients treated with Tocilizumab (TZM), observed mor-
tality was higher than rest of the cohort 5/13 (38.5%) vs 4/46 (8.7%).
Out of 13 patients treated with TZM 4 patients had IL-6 baseline levels
above 300 pg/mL - 3 out of those 4 patients died on TZM treatment. For
patients treated with TZM and with IL-6 baseline levels smaller than 300
pg/mL mortality was 22.2% (2/9), well above mortality for the rest of
the cohort. This observation limited by sample size warrants further
confirmation. In a classification using combination of all baseline clin-
ical variables and cytokines, the majority of the mortality can be
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Fig. 1. Distribution of IL-6 levels across multiple subsets grouped by WHO
scale (red), severe versus mild (black), Odyssey patients versus controls (green),
died versus survived (blue).
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captured by a combination of baseline elevated plasma glucose (>127
mg/dL) and elevated IL-6 (>150 pg/mL). This high risk group consists of
only 8 patients but accounts for ~66% of mortality for the cohort.

2.2. Genetic modifiers of IL-6 levels

Several genetic variants have been reported in the past with respect
to IL-6 serum levels [7,8,6]. We evaluate such pre-identified associations
as well as explore new ones in the current whole genome sequencing
data analyses. IL-6-174 G/C (rs1800795) is a variant in the promoter of
the IL-6 gene that was shown to affect IL-6 serum levels. It has been
previously reported in relation to serum IL6 in Egyptian children with
community-acquired pneumonia [8]. Interestingly, in our study the
minor allele seems to correlate with mortality. It is a common variant
with a global MAF of 0.68 (higher in males and large allelic differences
between East Asian (1) and European (0.55). Looking at mortality 6 of
the 30 allele carriers died, in comparison to 3 out of 41 as shown in
Table 1. Fig. 2A displays IL6 levels across rs1800795 genotypes (log
scale). In the current study cohort, the minor allele trend is consistent
with literature reports [8], but significance is not reached (linear
regression model). This locus is a significant (p-value 8.2e-22) eQTL in
the lung for IL6-AS1 as reported by GTEX. Minor allele, and CC genotype
is reported to confer higher expression levels. The minor allele for this
variant if further replicated in other studies could then be a risk locus
associated with higher mortality and perhaps a biomarker of earlier
intervention.

We have also inspected WGS samples from our COVID-19 patients for
the presence of loss-of-function IL-6 variants — we do not report any such
variants in this study cohort. Furthermore, we conducted analysis of
modifiers of plasma IL-6 level on this set of sample WGS samples ob-
tained from study patients. We have directly tested the association be-
tween variants in the IL6 and IL6R region and IL-6 plasma levels. Linear
regression corrected for PCs and covariates identified a strong signifi-
cant signal within the IL6R region, IL6R Asp358Ala variant (rs2228145)
is displayed on Fig. 2B. The minor allele is associated with higher plasma
IL-6 levels (linear regression assuming additive effects p-value < 0.03).
This variant was previously reported to be associated with aberrant IL-6
levels in a cohort of 1674 individuals (P < 2.0 x 10~° for IL-6) in a non
COVID-19 background [9]. It is a significant eQTL for expression of
TDRD10 in the lung tissue, a gene associated previously with IL6R level
and for IL6R in whole blood [10]. All other variants identified in this
analysis with significant association with IL-6 serum levels are listed in
Supplementary Table 1 and include rs13306435 — a variant furthermore
associated with different profiles of IL-6 response to immunization and
1512132326, an upstream IL6R variant.

We were able to obtain viral sequencing as described in the Methods
section, for 77 patients. We had only two cases with the A lineage
infection and 75 individuals infected by the B lineage (B.1, B.1.2, B.1.3,
B.1.1.7). We did not observe a significant association between IL and 6
levels and variant lineage — however this warrants further replication on
a larger cohort.

3. Methods
3.1. Participants

ODYSSEY is a double-blinded Phase 3 study with a planned
randomization of a total of 300 hospitalized severely ill COVID-19

Table 1
Mortality in carriers of the IL-6 rs1800795 minor allele.
GG (n =41) CG (n=22) CC(n=28)
N % N % N %
Hospital mortality 3 (7.3) 4 (18.1) 2 (25.0)
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Fig. 2. Distribution of IL-6 across genotypes for the two variants a. rs1800795 and b. 2228145.

patients (Clinicaltrials.gov: NCT04326426). Inclusion criteria for the
study comprised of: 1. Adults aged 18-90; 2. confirmed laboratory
COVID-19 infection; 3. confirmed pneumonia by chest radiograph or
computed tomography; 4. fever defined as temperature >36.6 °C
armpit, >37.2C oral, or >37.8 °C rectal since admission or the use of
antipyretics; 5. Pa02/FiO2 < 300; 6. In patient hospitalization. Patients
were to be followed for up to 28 days to record clinical outcomes. Pa-
tients’ clinical progress was recorded on a 7 point clinical status ordinal
scale defined as follows: 1- Death; 2- Hospitalized on mechanical
ventilation or ECMO; 3- Hospitalized on non invasive ventilation or
high-flow oxygen supplementation; 4- Hospitalized requiring supple-
mental oxygen; 5- Hospitalized not requiring supplemental oxygen,
requiring continued medical care; 6- Hospitalized not requiring sup-
plemental oxygen, not requiring continued medical care; 7- Not hospi-
talized. Main Exclusion Criteria included: 1. Inability to provide
informed consent or to have an authorized relative or designated person
provide informed consent, or to comply with the protocol requirements;
2. Known allergy to tradipitant or other neurokinin-1 antagonists; 3.
Pregnancy; 4. Uncontrolled HIV, HBV, or HCV infection; 5. Other un-
controlled medically significant diseases; 6. Enrollment in another
clinical trial of an investigational therapy; 7. Alanine aminotransferase
>5X Upper Limit of Normal or Creatinine clearance <50 m 174 1/min; 8.
Requiring mechanical ventilation for >72 h.

3.2. Cytokines

Quantitative determination of a multiplex bead-based method
(Luminex) for the detection of cytokines (CM-CSF, IFN-g, IL-12(p70), IL-
1B, IL-4, IL-5, IL-6, IL-8, IL-10, IL-13, IL-23, TNF-a and IL-17A) in Human
plasma was performed at Charles River Laboratories (Montreal, Can-
ada). The Human Cytokine panel - catalogue # HSTCMAG28SK from
Millipore was used in this study.

3.3. Viral sequencing and genome assembly

Sequencing was attempted on all samples with a positive RT-PCR
assay result that had Ct < 32 using either a metagenomic approach
described previously, via IDT probe-capture, or by amplicon sequencing
with SWIFT library preparation [11,12,13]. Libraries were sequenced on
[lumina MiSeq or NextSeq instruments using 1 x 150 or 1 x 75 runs
respectively. Consensus sequences were assembled using a custom

bioinformatics  pipeline [https://github.com/proychou/hCoV19]
adapted for SARS-CoV-2 from previous work. Briefly, raw reads were
trimmed to remove adapters and low quality regions using BBDuk and a
k-mer based filter was used to pull out reads matching the reference
sequence NC_045512. Filtered reads were de novo assembled using
SPAdes and contigs were ordered against the reference using BWA-MEM
[14]. Gaps were filled by remapping reads against the assembled scaf-
fold and a consensus sequence was called from this alignment using a
custom script in R/Bioconductor.

3.4. Genetic analysis: DNA quantification

Incoming nucleic acid samples are quantified using fluorescent-
based assays (PicoGreen) to accurately determine whether sufficient
material is available for library preparation and sequencing. DNA sam-
ple size distributions are profiled by a Fragment Analyzer (Advanced
Analytics) or BioAnalyzer (Agilent Technologies), to assess sample
quality and integrity. HumanCoreExome 24v1.3 array was performed on
all human DNA samples sequenced. Whole genome sequencing (WGS)
libraries were prepared using the Truseq DNA PCR-free Library Prepa-
ration Kit. Whole Genome data were processed on NYGC automated
pipeline. Paired-end 150 bp reads were aligned to the GRCh37 human
reference (BWA-MEM v0.7.8) and processed with GATK best-practices
workflow (GATK v3.4.0). The mean coverage was 35.8, it reflects the
samples average. All high quality variants obtained from GATK were
annotated for functional effects (intronic, intergenic, splicing, non-
synonymous, stopgain and frameshifts) based on RefSeq transcripts
using Annovar31. Additionally, Annovar was used to match general
population frequencies from public databases (Exac, gnomAD, ESP6500,
1000 g) and to prioritize rare, loss-of-function variants. Linear models
adjusted for PC, age and sex were conducted in PLINK.

3.5. Statistical analysis and machine learning

WEKA package was used for classification and regression trees,
specifically J48. All additional Statistical analysis were done in Graph-
pad and Octave.

4. Discussion

Recently several trials based on an IL6 hypothesis were conducted
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with mixed results thus far. A randomized clinical study using anti-IL-6
monoclonal antibody Actemra (tocilizumab) failed to show improve-
ment in response (COVACTA, NCT04320615) [15]. The same was true
of another anti-IL-6 mAbs Kevzara (sarilumab) from Regeneron Phar-
maceuticals Inc. and Sanofi. On the other hand a small cohort, open-
label study from China treatment of with tocilizumab has been re-
ported preliminary data showing tocilizumab improved the clinical
outcomes severe COVID-19 patients [2].This group reported 0% mor-
tality when treated with tocilizumab on 21 patients that is strikingly
different than other studies where mortality is ~20% Covacta, and
observational, retrospective study reported mortality of ~49% in
another large cohort. This is in line with previous studies reporting
tocilizumab effective in decreasing mortality in community acquired
pneumonia. Unfortunately, many large controlled trials have not re-
ported IL-6 baseline levels; having the information regarding cytokine
levels would likely be very informative. Our results similarly to Kox
et al., do not lend universal support but suggest that for certain patients
IL-6 inhibition could be a reasonable treatment option. Our data
emphasize the importance of measuring IL-6 levels, especially given the
heterogeneous levels reported across COVID-19 infected patients. Our
data also emphasize the need for further investigations of IL-6 levels pre
and post treatments. Furthermore, the detected gene variants within IL6
and IL6R in this study, could be considered risk loci biomarkers indic-
ative of higher IL-6 plasma levels. If confirmed with further replication
studies, such loci could serve as biomarkers of greater risk of higher IL-6
response, and hence could suggest altered treatment regimens for car-
riers, tailored to their IL-6 levels.

The present study is limited by sample size and warrants further
replication on larger sets especially in terms of replicating the novel
variants reported in this study. Although most patients were infected by
the same viral lineage, there are couple individuals infected with vari-
ants carrying novel variants. Such a situation that may produce non-
uniform clinical outcomes among the patients including in this study,
affecting the production of IL-6. In future follow up analyses, it will be
informative to discern the potential association between the infection
with specific viral variant categories and the induction of IL-6 in infected
patients.

5. Conclusion

In a severe COVID19 cohort, IL-6 levels were on average elevated but
not to levels described before in ARDS cohorts or in cohorts with a
cytokine storm. Patients with significantly increased levels of over 150
pg/ml showed a trend towards increased mortality. Furthermore we
identify potential novel variants as well as confirm known risk loci for
attenuated IL-6 response. Using combination of all baseline labs and all
cytokines, a majority of the mortality can be captured by a combination
of baseline elevated serum glucose and elevated IL-6. While it is unlikely
that “cytokine storm” is the norm in severe COVID19, baseline eleva-
tions above 150 pg/ml may be associated with worse outcomes and as
such may warrant treatment considerations. Genetic variants may help
discern risk for more severe COVID-19 infection.
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