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Abstract
We describe the cytokine profiles of a large cohort of hospitalized patients withmoderate to critical COVID-19, focusing on IL-6,
sIL2R, and IL-10 levels before and after receiving immune modulating therapies, namely, tocilizumab and glucocorticoids. We
also discuss the possible roles of sIL2R and IL-10 as markers of ongoing immune dysregulation after IL-6 inhibition. We
performed a retrospective chart review of adult patients admitted to a tertiary care center with moderate to critical SARS-
CoV-2 infection. Disease severity was based on maximum oxygen requirement during hospital stay to maintain SpO2 > 93%
(moderate, 0–3 L NC; severe, 4–6 L NC or non-rebreather; critical, HFNC, NIPPV, or MV). All patients were treated using the
institution’s treatment algorithm, which included consideration of tocilizumab for severe and critical disease. The most common
cytokine elevations among all patients included IL-6, sIL2R, IFN-γ, and IL-10; patients who received tocilizumab had higher
incidence of IL-6 and sIL2R elevations. Pre-tocilizumab IL-6 levels increased with disease severity (p = .0151). Both IL-6 and
sIL2R levels significantly increased after administration of tocilizumab in all severity groups; IL-10 levels decreased in severe
(p = .0203), but not moderate or critical, patients after they received tocilizumab. Cluster analysis revealed association between
higher admission IL-6, sIL2R, and CRP levels and disease severity. Mean IL-6, sIL2R, and D-dimer were associated with
mortality, and tocilizumab-treated patients with elevated IL-6, IL-10, and D-dimer were more likely to also receive glucocorti-
coids. Accessible clinical cytokine panels may be useful for monitoring response to treatment in COVID-19. The increase in
sIL2R post-tocilizumab, despite administration of glucocorticoids, may indicate the need for combination therapy in order to
modulate more than one hyperinflammatory pathway in COVID-19. We also discuss the role of cytokines as potential bio-
markers for use of adjunct glucocorticoid therapy.
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Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) is the novel coronavirus responsible for the coronavi-
rus disease 2019 (COVID-19) global pandemic, which has
claimed over 120,000 lives in the USA as of June 26, 2020
[1]. Studies looking at predictors of mortality have suggested
that a subset of patients with COVID-19 may suffer from
systemic hyperinflammation, akin to a cytokine release syn-
drome (CRS) seen in chimeric antigen receptor (CAR) T cell
therapy [2] or the cytokine storm seen in macrophage activa-
tion syndrome (MAS) or secondary hemophagocytic
lymphohis t iocytos is ( sHLH) [3] . This sys temic
hyperinflammation is important in the pathogenesis of acute
respiratory distress syndrome (ARDS), the leading cause of
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mortality in COVID-19 [4]. These syndromes involve eleva-
tions in several cytokines, many of which have also been
implicated in COVID-19 inflammation.

CRS is a systemic immune response that can be triggered
by various factors and is a proposed mechanism for the path-
ophysiology of severe viral infections such as influenza [5, 6].
In patients with CRS, interleukin (IL)-6, IL-10, and interferon
(IFN)-γ are consistently elevated [2]. In particular, IL-6, a pro-
inflammatory cytokine with a pleiotropic effect on the im-
mune system, contributes to many of the symptoms observed,
such as the production of acute phase reactants by hepatocytes
[7], activation of the extrinsic coagulation pathway [8], and
production of vascular endothelial growth factor (VEGF),
leading to angiogenesis and endothelial inflammation [9].
Based on several recent studies, IL-6 has been implicated as
a predictivemarker of morbidity and mortality in SARS-CoV-
2 infection [10, 11], and for this reason, tocilizumab, a human-
ized monoclonal antibody against the IL-6 receptor, is being
investigated as possible treatment for COVID-19 pneumonia
[12]. However, other cytokines which are not targeted by toci-
lizumab, such as IL-2-, IL-10-, and IFN-γ-induced protein 10
(IP-10), have also been associated with more critical disease
[13].

IL-10 has several key functions in the immune response. In
the setting of infection, it suppresses macrophage and dendrit-
ic cell activation and limits Th1 and Th2 effector responses. It
does so by curbing two major cytokine effector pathways,
NF-κB and JAK-STAT, thereby counteracting the hyperac-
tive immune response [14, 15]. This results in protection for
the host by limiting tissue damage caused by ongoing inflam-
mation but also promotes persistence of infection. There is
additional evidence that the intensity of the IL-10 response
reflects the strength of the preceding inflammation [14]. In
COVID-19, IL-10 is likely upregulated in the setting of over-
whelming inflammation but may also contribute to the devel-
opment of lung fibrosis and the infiltration of inflammatory
cells into the lungs [16]. Furthermore, little is known regard-
ing the timing of IL-10 secretion in COVID-19, which may be
important given that early production may lead to overwhelm-
ing infection and ongoing production after viral containment
may result in pathology [14].

Although cytokines have been associated with several dis-
ease processes, little is known regarding their use in monitor-
ing and assessing response to therapy in the clinical setting.
Given the complex ways in which they interact within the
immune system, it is often difficult to assess their pro-
inflammatory versus anti-inflammatory functions and gener-
ate appropriate cutoffs for normal values [17]. There are a
number of immunoassay and bioassay methods used to detect
cytokine levels, the most common of which are enzyme-
linked immunosorbent assays (ELISA), multiplex arrays,
bead-based assays, and immunosensing methods. To date,
cytokines have been used in the diagnosis and management

of a variety of infections including tuberculosis, ventilator-
associated pneumonia, and neonatal sepsis, as well as chronic
diseases such as Alzheimer’s disease, gastric cancer, and
HLH, to name a few [17]. Given what we already know about
cytokine levels in CRS and our relatively limited understand-
ing of SARS-CoV-2, the cytokine profiles of hospitalized pa-
tients with COVID-19 may prove useful for guiding manage-
ment. In this paper, we describe the cytokine profiles of a
previously reported large cohort of hospitalized patients with
moderate to critical COVID-19 [18], particularly focusing on
their IL-6, sIL2R, and IL-10 levels before and after receiving
immunemodulating therapy.We also discuss the possible role
of IL-10 as a marker of ongoing immune dysregulation after
IL-6 inhibition.

Methods

Study Design and Participants

Adults 18 years of age or above with PCR-confirmed SARS-
CoV-2 infection consecutively admitted to a tertiary care hos-
pital between March 10 and 31, 2020, in New Haven, CT,
USA, underwent standardized chart review. Yale School of
Medicine Institutional Review Board (2000027792) approved
this study. Patients were identified through the electronicmed-
ical record (EMR) and underwent 21-day observation period
with follow-up data through April 21, 2020. All patients had
been treated under the institution’s treatment algorithm, which
was formed by a multidisciplinary team based on the available
literature during the study period [18]. The algorithm included
consideration for using tocilizumab, an IL-6 antagonist, in
treatment of COVID-19 in patients who required supplemen-
tal oxygen SpO2 ≥ 3L to maintain SpO2 > 93%. Tocilizumab
was chosen based on biological plausibility, potential utility in
treating CRS associated with COVID-19, and a favorable
safety profile. Based on the treatment algorithm, tocilizumab
was administered 8 mg/kg intravenously, not to exceed
800 mg, with an optional second dose for patients with body
mass index (BMI) above 40 kg/m2.

Cytokine panels were collected as part of this institu-
tion’s COVID-19 treatment algorithm, which specified
collection upon admission and then every 48 h thereafter.
This was done to assess for cytokine release syndrome
and to monitor progression throughout hospitalization.
The panel included interleukin-2 receptor (CD25) soluble
(sIL2R), IL-12, IFN-γ, IL-4, IL-5, IL-10, IL-13, IL-1 beta,
IL-6, IL-8, tumor necrosis factor (TNF)-alpha, IL-2, and
IL-17. Cytokine panel tests were performed via a quanti-
tative multiplex bead assay by a CLIA-certified diagnostic
lab in Salt Lake City, UT. Lower limit of detection was
5 pg/mL.
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Data Collection

We performed a structured chart review which included de-
mographic data, health history, date of medication administra-
tion, oxygen requirements, and serial cytokine levels.

Definitions

Moderate illness was defined as room air up to maximum
requirement of 3 L/min oxygen via nasal cannula (NC) to
maintain SpO2 > 93%. Severe illness was defined as require-
ment of 4 to 6 L/min or a non-rebreather (100% SpO2) to
maintain SpO2 > 93%, and critical illness was defined as re-
quiring high-flow nasal cannula (HFNC), non-invasive posi-
tive pressure ventilation (NIPPV) or mechanical ventilation
(MV). HFNC and NIPPV were included in the same severity
category as MV given that the majority of patients placed on
these therapies progressed to NIPPV unless their goals of care
did not align. The highest level of support required during
hospitalization was used to group patient severity. Elevated
IL-6, IL-1 beta, IL-12, IL-13, IL-17, IL-2, IL-4, IL-5, and IL-8
levels were defined as greater than 5 pg/mL. Elevated IL-10
was defined as greater than 18 pg/mL, and elevated sIL2Rwas
defined as greater than 1033 pg/mL. A patient was defined to
have elevation of a specific cytokine if the average level of
that cytokine throughout their hospital admission was elevat-
ed. Pre- and post-tocilizumab values were obtained by taking
the average of all levels before and after patients received
treatment, respectively. A patient was defined to have re-
ceived glucocorticoids if they received a steroid dose equiva-
lent to ≥ 20 mg/day of oral prednisone.

Statistical Analysis

We hypothesized that hospitalized patients with COVID-19
would have elevations in IL-6, sIL2R, and IL-10 and that
levels would differ by disease severity. Our secondary hypoth-
esis was that IL-6 and IL-10 levels would change pre- and
post-tocilizumab, but that sIL2R levels would be less affected.
For comparison across severity groups, we performed one-
way ANOVA for continuous variables and chi-square to com-
pare categorical data. We calculated the number of patients in
each severity group who had elevation in each cytokine. For
cytokine level comparisons pre- and post-tocilizumab, we
used Welch two-group t test assuming unequal variances.
Given the time series nature of our data, each cytokine level
was used as an individual data point for the purpose of testing
our hypothesis. For clustering data pre-processing, we first
chose five cytokines (IL-6, IL-10, sIL2R, CRP, and d-dimer)
which did not have substantial missing or undetectable values
as our features, and we did not include patients with missing
values for any of the cytokines. For each patient, we per-
formed cluster analysis via two methods: first, using each

initial cytokine value on admission, and second, the mean
cytokine value throughout admission. Given the huge scale
difference across cytokines, we normalized each cytokine lev-
el to a range between − 5 and 5. All analyses were performed
using R version 3.6.1.

Results

The cytokine profiles of 239 consecutive hospitalized patients
with COVID-19 were collected. Basic demographic and
health data can be found in Table 1. There were 114 patients
identified as having moderate disease, 54 with severe disease,
and 71with critical disease. The median age of this cohort was
64 years (range 22–99 years). The moderate group was youn-
ger than the severe and critical groups, with a median age of
60 compared with 67.5 and 64.5, respectively (p = .002).
Among the critical group, there was a male predominance,
with 62%males, although this was not statistically significant;
in the moderate and severe groups, the sex distribution was
more equal. The racial distribution of the overall population
was 37% black, 46% white, 2% Asian or Pacific Islander, and
4% other. Eleven percent of patients identified as Hispanic.
There were no statistically significant differences in race be-
tween severity groups. Among all patients, 65% were obese,
59% had hypertension, 38% had diabetes, 38% had chronic
lung disease, and 30% had chronic heart disease. BMI was
higher in the critical group compared with the moderate and
severe groups (33 versus 29 and 30, respectively; p = .007).
There were no other statistically significant differences be-
tween groups with regard to medical comorbidities. Of all
patients, 64% received tocilizumab, 34% ofmoderate patients,
87% of severe patients, and 93% of critical patients
(p < .00001). Thirty-five percent of all patients treated with
tocilizumab also received glucocorticoids (16% moderate,
36% severe, 47% critical). Fourteen-day survival among all
tocilizumab-treated patients was 88% (100% moderate, 91%
severe, 82% critical).

Table 2 displays the proportion of patients with elevations
in each cytokine, further grouped by disease severity and
whether or not they received tocilizumab. Among patients
with moderate disease, 39 (34%) received tocilizumab while
75 (66%) did not. In the severe group, 48 patients (89%)
received tocilizumab while 6 patients (11%) did not. Finally,
in the critical group, 66 patients (93%) received tocilizumab
while 5 patients (7%) did not. Among all patients, 77% had
elevated IL-6 during their hospital stay (64.9% of moderate
patients, 83.3% of severe patients, and 91.5% of critical pa-
tients), making IL-6 the most commonly seen cytokine eleva-
tion among these hospitalized patients. In all three severity
groups, those who received tocilizumab had higher propor-
tions of patients with IL-6 elevation than those who did not
receive tocilizumab (79.5% moderate, 81.2% severe, 90.9%
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severe). With regard to sIL2R, it was elevated in 50.6% of all
patients (37.7%moderate, 53.7%. severe, and 69.0% critical).
IL-10 was elevated in 22.6% of all patients (11.4% moderate,
24.1% severe, and 39.4% critical). IFN-γ was elevated in
29.3% of all patients, and IL-1 beta was elevated in 16.7%.
IL-2 was elevated in 23.0% of all patients at a similar propor-
tion throughout all severity groups. TNF-alpha and IL-12
were elevated in 14.2% and 9.6% of all patients, respectively.
IL-13, IL-4, IL-5, and IL-8 were less commonly seen overall
(4.2%, 4.6%, 4.2%, and 6.7%, respectively).

Figure 1 displays mean cytokine concentrations pre- and
post-tocilizumab grouped by disease severity, with further

elaborations in Table 3. With regard to IL-6 (Fig. 1a), pre-
tocilizumab levels increased with disease severity (19.5 pg/
mL moderate, 21.2 pg/mL severe, and 42.4 pg/mL critical;
p = .015) After administration of tocilizumab, IL-6 levels rose
in all three groups compared with pre-tocilizumab levels
(moderate, 120.68 pg/mL, p = .009; severe, 163.97 pg/mL,
p < .001; critical, 212.5 pg/mL, p < .001). Pre-tocilizumab
sIL2R levels (Fig. 1b) increased with disease severity with a
trend toward significance (moderate, 1027.56 pg/mL; severe,
1136.92 pg/mL; critical, 1315.68 pg/mL, p = .153), and levels
also rose post-tocilizumab (moderate, 1525 pg/mL, p = .011;
severe, 1402.68 pg/mL, p = .046; critical, 1776.24 pg/mL,

Table 1 Characteristics of COVID-19 infected patients

All
(N = 239)

Moderate*
(N = 114)

Severe**
(N = 54)

Critical***
(N = 71)

p value

Patient characteristics

Age, median (range), years 64 (22–99) 60 (23–99) 67.5 (23–92) 64.5 (22–93) .002

Gender, No. (%) .154

Female 113 (43) 60 (53) 26 (48) 27 (38)

Male 126 (53) 54 (47) 28 (52) 44 (62)

Race/ethnicity, No. (%) .287

Black 88 (37) 42 (37) 15 (28) 31 (44)

White 110 (46) 5 (44) 31 (57) 29 (41)

Asian/Pacific Islander 4 (2) 3 (3) 0 (0) 1 (1)

Other 10 (4) 5 (4) 4 (7) 1 (1)

Hispanic 27 (11) 14 (12) 4 (7) 9 (13)

Medical comorbidities

Diabetes, No. (%) 91 (38) 36 (32) 22 (41) 33 (46) .116

Uncontrolled diabetes defined by hgA1c ≥ 8 mg/dL, No.
(%)

40 (17) 13 (11) 11 (20) 16 (23) .100

Immunosuppressed, No. (%) 36 (15) 15 (13) 6 (11) 15 (21) .2223

Chronic lung disease, No. (%) 91 (38) 41 (36) 26 (48) 24 (34) .215

Hypertension, No. (%) 142 (59) 64 (56) 32 (59) 46 (65) .589

Chronic heart disease, No. (%) 71 (30) 39 (34) 11 (20) 21 (30) .188

Obesity (BMI ≥ 30), No. (%) 156 (65) 68 (60) 35 (65) 53 (75) .110

Body mass index, mean (SD) 31 (± 7.3) 29 (± 6.3) 30 (± 7.9) 33 (± 7.6) .007

BMI classification, No. (%) .280

< 30 75 (32) 40 (37) 19 (35) 16 (23)

30.0–34.99 101 (42) 45 (42) 23 (43) 33 (48)

35.0–39.99 33 (14) 16 (15) 8 (15) 9 (13)

40 or more 22 (9) 7 (6) 4 (7) 11 (16)

Tocilizumab, No. (%) 153 (64) 39 (34) 47 (87) 66 (93) –

Glucocorticoids among tocilizumab-treated, No. (%) 54 (35) 6 (16) 17 (36) 31 (47) –

Survival (14-day) among tocilizumab-treated (CI 95%) 134 (88) 37 (100) 43 (91) 54 (82) –

Survival (14-day) among all patients 214 (90) 112 (98) 46 (85) 56 (79) –

Tests used: chi-square for categorical data, one-way ANOVA for continuous variables

*Moderate disease defined as room air up to 3 L NC at any point during hospital stay

**Severe disease defined as 4 to 6 L NC or non-rebreather at any point during hospital stay

***Critical disease defined as requiring HFNC, NIPPV, or MV at any point during hospital stay
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p = .0019). With regard to IL-10 (Fig. 1c), pre-tocilizumab IL-
10 concentrations were 14 pg/mL in the moderate group,
31.94 pg/mL severe, and 20.25 pg/mL critical (p = .1). After
tocilizumab, the concentrations decreased in all three groups
(12.25 pg/mL moderate, 10.87 pg/mL severe, 15.9 pg/mL
critical), but the change was found to be statistically signifi-
cant only in the severe group (p = .0203). Ferritin levels
trended up with disease severity, but were not statistically
significant (Table 3) (moderate, 1033 pg/mL; severe,
1204 pg/mL; critical, 1603 pg/mL, p = .0673). Ferritin levels
also trended toward an increase in all severity groups after
tocilizumab, but results were not significant.

Mean IL-6 concentration over time in patients who re-
ceived tocilizumab is displayed in Fig. 2a. Maximum IL-6
levels were higher in critical patients compared with moderate

and severe patients, as evidenced by the higher peak levels.
Additionally, IL-6 levels generally began to rise few days after
symptom onset, as portrayed graphically in the figure. In se-
vere and critical patients, IL-6 remained elevated 20 days after
symptom onset but were lower than earlier in the disease
course. Mean IL-10 concentration over time in those who
received tocilizumab is shown in Fig. 2b Peak IL-10 levels
occurred earlier in disease course and gradually decreased
over time. Additionally, in severe and critical patients, they
remained elevated even after 20 days from symptom onset.

Results from our cluster analysis are presented in Fig. 3.
Hierarchic clustering using Euclidean distance did not give
any meaningful signals. When rearranged by severity, high
admission IL-6, sIL2R, and CRP levels clustered into the se-
vere and critical groups (Fig. 3a). When looking at mortality

Table 2 Number of COVID-19
patients with individual cytokine
elevation

All Moderate (N = 114) Severe (N = 54) Critical (N = 71)

Toci No Toci Toci No Toci Toci No Toci
Cytokine (N = 239) (N = 39) (N = 75) (N = 48) (N = 6) (N = 66) (N = 5)

IL-6, No. (%) 184 (77.0) 34 (87.2) 40 (53.3) 41 (85.4) 4 (66.7) 61 (92.4) 4 (80.0)

sIL2R, No. (%) 121 (50.6) 17 (43.6) 26 (34.6) 26 (54.2) 3 (50.0) 48 (72.7) 1 (20.0)

IL-10, No. (%) 54 (22.6) 4 (10.3) 9 (12.0) 13 (27.1) 0 (0.0) 25 (37.9) 3 (60.0)

IFN-Y, No. (%) 70 (29.3) 11 (28.2) 14 (18.7) 18 (37.5) 0 (0.0) 27 (40.9) 0 (0.0)

IL-1 B, No. (%) 41 (17.2) 5 (12.8) 13 (17.3) 9 (18.8) 0 (0.0) 13 (19.7) 1 (20.0)

IL-12, No. (%) 23 (9.6) 3 (7.7) 7 (9.3) 7 (14.6) 0 (0.0) 6 (9.1) 0 (0.0)

IL-13, No. (%) 10 (4.2) 1 (2.6) 2 (2.7) 2 (4.1) 0 (0.0) 5 (7.6) 0 (0.0)

IL-17, No (%) 34 (14.2) 3 (7.7) 14 (18.7) 5 (10.4) 0 (0.0) 10 (15.2) 2 (40.0)

IL-2, No (%) 60 (25.1) 11 (28.2) 15 (20.0) 14 (29.2) 0 (0.0) 19 (28.8) 1 (20.0)

IL-4, No. (%) 12 (5.0) 1 (2.5) 3 (4.0) 4 (8.3) 0 (0.0) 4 (6.1) 0 (0.0)

IL-5, No. (%) 11 (4.6) 1 (2.5) 2 (2.7) 2 (4.2) 0 (0.0) 6 (9.1) 0 (0.0)

IL-8, No. (%) 17 (7.1) 3 (7.7) 1 (1.3) 2 (4.2) 0 (0.0) 11 (16.7) 0 (0.0)

TNF-a, No. (%) 35 (14.6) 2 (5.1) 11 (14.7) 10 (20.8) 0 (0.0) 11 (16.7) 1 (20.0)

Table 3 Cytokine concentrations
pre- and post-tocilizumab by
disease severity

Moderate (N = 39) Severe (N = 48) Critical (N = 66) p value

IL-6 (pg/mL) Pre 19.5 21.2 42.4 .0151

Post 120.68 163.97 212.5 .0334

p value .009 < .001 < .001

sIL2R (pg/mL) Pre 1027.56 1136.92 1315.68 .153

Post 1525.2 1402.68 1776.24 .0392

p value .011 .046 .0019

IL-10 (pg/mL) Pre 14 31.94 20.25 .1

Post 12.25 10.87 15.9 .179

p value .7604 .0203 .2136

Ferritin (pg/mL) Pre 1033 1204 1603 0.0673

Post 1492 1685 3828 0.136

p value 0.1459 0.061 0.1539
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as outcome, there were no apparent signals with initial cyto-
kine levels (Fig. 3b), but when using mean cytokine levels,
higher mean IL-6, sIL2R, IL-10, and D-dimer clustered with
the death outcome (Fig. 3c). Finally, among those who re-
ceived tocilizumab, patients who also received glucocorti-
coids had higher initial D-dimer, IL-6, and IL-10 levels
(Fig. 3d).

Discussion

This retrospective study describes the cytokine profiles of 239
hospitalized patients with moderate to critical COVID-19 and
the changes in IL-6, sIL2R, and IL-10 before and after

immunemodulation in 153 patients. The core cytokines found
to be elevated using our clinical-based cytokine assay were
IL-6, sIL2R, IFN- λ, and IL-10, with others, such as IL-1β,
IL-2, and IL-17, in a much smaller subset of patients. A recent
paper which identified a “core COVID-19 signature” among
moderate and severe patients corroborates our findings with
the addition of several other cytokines, IL-1α, IL-12 p70,
IFNα, IL-18, and TNF [19]. The reason for the difference
may lie in the fact that their cytokines were obtained using
an in-depth research-based assay, while we obtained our re-
sults using a certified clinical assay, accessible to the average
clinician, which was our aim.

Although we reported differential profiles for patients who
did and did not receive tocilizumab, given this was a
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Fig. 1 Cytokine levels pre and post tocilizumab by disease severity. a IL-
6: Pre-tocilizumab levels increased with disease severity (19.5 pg/mL
moderate, 21.2 pg/mL severe, and 42.4 pg/mL critical; p = .015). After
administration of tocilizumab, IL-6 levels rose in all three groups (mod-
erate, 120.68 pg/mL, p = .009; severe, 163.97 pg/mL, p < .001; critical,
212.5 pg/mL, p < .001). b sIL2R: Pre-tocilizumab sIL2R levels increased
with disease severity with a trend toward significance (moderate,
1027.56 pg/mL; severe, 1136.92 pg/mL; critical, 1315.68 pg/mL,

p = .153). Levels also rose post-tocilizumab in all three groups (moderate,
1525 pg/mL, p = .011; severe, 1402.68 pg/mL, p = .046; critical,
1776.24 pg/mL, p = .0019). c IL-10: There were no differences in pre-
tocilizumab IL-10 levels between groups. After tocilizumab, the concen-
trations decreased in all three groups (− 12.25 pg/mL moderate, −
10.87 pg/mL severe, − 15.9 pg/mL critical), but the change was found
to be statistically significant only in the severe group (p = .0203)
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retrospective study and not a randomized controlled trial, a
comparison between these groups are somewhat limited.
Among all patients who received tocilizumab, 14-day survival
was 88%. A higher proportion of these patients had elevated
IL-6 and sIL2R, which likely reflects the inherently more
severe nature of their disease. With regard to IL-10, a higher
proportion of patients with critical disease who did not receive
tocilizumab had elevation, indicating that tocilizumab did in
fact calm the cytokine storm and need for anti-inflammatory
action. IFN-γ and IL-1 beta were also elevated in a higher

proportion of patients who received tocilizumab, so it seems
that these patients who were selected to receive it based on
oxygen requirement did in fact also have a more severe CRS,
supporting the idea that CRS is a major factor in the develop-
ment of ARDS.

Moreover, pre-tocilizumab IL-6 levels increased with dis-
ease severity, confirming findings of earlier studies, which
found IL-6 to be a predictive marker of severity in COVID-
19 patients [10, 11]. The increased IL-6 levels after adminis-
tration of tocilizumab are expected. Prior studies in
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Fig. 2 Cytokine trends in patients
who received tocilizumab. a
Mean IL-6 over time by severity
in patients who received toci-
lizumab. Maximum IL-6 levels
were higher in critical patients
compared with moderate and se-
vere patients. IL-6 levels began to
rise few days after symptom on-
set. b Mean IL-10 over time by
severity in patients who received
tocilizumab. Peak IL-10 levels
occurred earlier in disease course
and gradually decreased over time
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rheumatoid arthritis and Castleman disease found serum IL-6
increased after tocilizumab administration because of a de-
crease in tocilizumab-free IL-6 receptors, which would nor-
mally bind IL-6 and lead to its consumption [20].

On the other hand, the reason behind the increase in sIL2R
after tocilizumab is less clear. Very high sIL2R, a marker for T
cell activation and proliferation, is rarely seen outside the con-
text of HLH [21], so this observation makes these high levels
seen in COVID-19 hyperinflammation worth further explora-
tion. Among those with elevated sIL2R, a subset did have
hyperferritinemia, but we did not see an increase in ferritin
levels with disease severity, making it unlikely HLH-related.
Other markers of HLH, including triglycerides, fibrinogen,

and splenomegaly, were measured in the first few patients
we observed very elevated sIL2R levels, but given that they
did not meet HLH criteria, we did not continue obtaining these
markers on subsequent patients. The cause of the sIL2R rise
needs to be further investigated as treatment for severe and
critical disease may need to target this pathway in addition to
the IL-6 pathway.

Our study found that IL-10 decreased after tocilizumab
administration in severe, but not moderate or critical, patients
with SARS-CoV-2 infection. With regard to the moderate
group, a change was likely not seen due to the small number
of patients in that cohort who received tocilizumab. Perhaps
with larger sample size, we would have seen a decrease in IL-

Fig. 3 Cluster analysis for severity, mortality, and glucocorticoid status. a
Disease severity and initial cytokine level. Higher admission IL-6, sIL2R,
and CRP levels clustered into the severe and critical disease groups. b
Mortality and initial cytokine level. When looking at mortality as
outcome, there were no apparent signals with initial cytokine levels. c

Mortality and mean cytokine level. Higher mean IL-6, sIL2R, IL-10, and
D-dimer clustered with the death outcome. d Tocilizumab-treated pa-
tients, glucocorticoid status, and initial cytokine level. Patients who also
received glucocorticoids had higher initial D-dimer, IL-6, and IL-10
levels
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10 in the moderate group. There are several possible explana-
tions for why the critical patients did not have a decrease in IL-
10 after tocilizumab. First, timing of tocilizumab administra-
tion may have played a role. Prior prospective studies have
found that tocilizumab was less effective in critical patients
and that use of tocilizumab earlier in the disease course proved
more beneficial [22, 23]. More likely, it is possible that in
these critical patients, tocilizumab alone was inadequate in
calming the inflammation caused by the disease, as evidenced
by elevations in cytokines from other immune pathways.
Another possible explanation is that critical patients were
more likely to also receive glucocorticoids, which have been
found to be associated with increased IL-10 levels, a mecha-
nism by which they exert their anti-inflammatory effect [24].

Interestingly, despite almost 50% of critical patients
receiving concomitant glucocorticoids, their IL-6 and
sIL2R levels remained elevated. These results are interest-
ing in light of preliminary reports from the RECOVERY
trial, which showed a mortality benefit with the use of
dexamethasone among those who received oxygen sup-
port or mechanical ventilation [25]. Our findings sur-
rounding corticosteroids in our cohort may answer several
questions recently posed in an article by Prescott and Rice
[26], including whether treatment with steroids should be
individualized based on clinical response or biomarkers,
as well as the potential for combination therapy. First, our
discovery of persistent elevation in cytokines even after
glucocorticoid administration questions the overall effica-
cy of corticosteroids in the treatment of the COVID-19
cytokine storm. If a patient is critically ill, it is possible
that corticosteroids may need to be used in combination
with other therapies that target specific cytokines. Who
these patients are is still difficult to conclude, but among
our cohort those with high admission IL-6, IL-10, and D-
dimer levels were more likely to receive glucocorticoids.
Further studies confirming that utility of using these as
potential biomarkers to indicate who may benefit from
corticosteroids are needed.

Based on our f ind ings , the re i s ev idence of
hyperinflammation in several immune pathways in COVID-
19. The persistent elevation in IL-10 in our critical patients
may be a marker of ongoing immune dysregulation even after
IL-6 blockade. This may signal the need for further interven-
tion, perhaps with another immunomodulatory agent that
works along a different mechanism that is activated by
SARS-CoV-2 [27]. Given the high proportion of our patients
with elevated sIL2R, it is possible that the dual elevation of
IL-10 and sIL2R after treatment with tocilizumabmay suggest
the need to target T cell dysregulation, especially in those with
unremitting severe or critical disease.

Furthermore, there were differences in IL-6 and IL-10
trends in patients who received tocilizumab which may
give us insight into the hyperinflammatory syndrome.

IL-6 seems to increase a few days after symptom onset,
while IL-10 is high very early on in disease. This pat-
tern may help us understand the origin of IL-10 produc-
tion, which appears to be during the viral phase of
SARS-CoV-2 infection as opposed to later on. This rel-
atively early production of IL-10, which generally has
an anti-inflammatory effect in the setting of infections,
may be a reason as to why COVID-19 leads to over-
whelming infection in some individuals. In vitro studies
to analyze the effect of IL-10 blockade immediately
after infection with SARS-CoV-2 may provide further
understanding as to whether this may facilitate viral
clearance.

Our cluster analyses also revealed several potential clini-
cally relevant findings. First is that initial admission IL-6,
sIL2R, and CRP values may be predictors of disease severity
in COVID-19. Using this, we may be better able to predict
who may need further intervention and more aggressive treat-
ment of their cytokine storm. With the recent phase 3
COVACTA trial data regarding tocilizumab use in those with
severe COVID-19, showing a trend toward decreased time to
hospital discharge [28], it is possible that use of tocilizumab in
combination with other therapy or in patients with certain
disease markers would prove beneficial, and these are still to
be discovered. Furthermore, we found that those who died had
overall higher mean cytokine levels and that those with high
admission IL-10, IL-6, and D-dimer levels tended to receive
glucocorticoids in addition to tocilizumab. These need to be
investigated as potential biomarkers for response to toci-
lizumab and need for adjunct therapy with glucocorticoids.

We present a large cohort of moderate, severe, and critical
hospitalized COVID-19 patients with an analysis of cytokine
profiles before and after immune modulation. However, our
study has several limitations. First, tocilizumab was not given
in the setting of a randomized controlled trial and our compar-
ison group who did not receive it was likely a less severe
group, making it an imperfect comparison. Given the urgent
need for a management strategy, the treatment algorithm at
this institution included consideration for tocilizumab based
on oxygen requirement, which resulted in its use in many
severe and critical patients. Future randomized controlled tri-
als comparing cytokine levels in COVID-19 patients who re-
ceive tocilizumab with those who do not are needed.
Additionally, the utility of other immunomodulating agents
such as glucocorticoids, although not frequently utilized at
this facility, may have had an impact on cytokine levels.
With regard to the use of cytokine panels in the clinical man-
agement of SARS-CoV-2, future studies validating the asso-
ciation of cytokine levels with disease severity would be ben-
eficial. Despite these limitations, we present the largest pub-
lished cohort of serial cytokine levels in COVID-19 patients
treated with tocilizumab and discuss the potential importance
of IL-10 as a marker of ongoing immune dysregulation.
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