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To the Editor:
There has been considerable interest in the role of cytokines in

acute COVID-19 as markers of disease severity, monitoring re-
sponse to therapy, and as potential targets for therapeutic inter-
vention [1]. The ad-hoc nature of patient sampling and use of
single cytokine targets (e.g., IL-6) have limited our understand-
ing of COVID-19 immune responses. We used a unique, pro-
spective COVID-19 cohort with timed patient sampling to ex-
plore longitudinal, comprehensive, cytokine responses from hos-
pital admission (acute illness) to discharge (recovery).

Methods

We performed a prospective observational cohort study
of adult patients admitted with COVID-19 between May
and October 2020 at Austin Health, Melbourne,
Australia. Baseline demographic and laboratory data
were collected. Plasma was collected at time of hospital
admission and discharge. The patient sampling proce-
dure is outlined in Supplementary Fig. 1. Inpatient man-
agement, including decisions regarding commencement

of corticosteroid and remdesivir therapies, was directed
by infectious diseases physicians, based on local
protocols.

Cytokine analysis was performed on plasma using a mul-
tiplex bead array kit 17-plex panel (BioPlex Pro Human cyto-
kine 17 plex assay-M5000031YV, Bio-Rad), and read using
the BioPlex 200 instrument (Bio-Rad) as per manufacturer’s
instructions. Cytokine levels below the lower limit of detec-
tion of the assay were recorded as 0 pg/mL.

Statistical analysis was performed using Stata MP
16.1 (StataCorp, College Station, TX). Wilcoxon rank-
sum test was used for univariate analysis across
timepoints. Exploratory subgroup and multivariable
analyses were performed but limited by the effect of
small sample size on statistical power. Subgroups com-
pared were Intensive Care Unit (ICU) admission and
receipt of corticosteroids, and multiple linear regression
was performed for the change in key cytokine levels with
selected clinically relevant variables (Charlson comor-
bidity index [CCI], ICU admission, receipt of corticoste-
roids). Ethics approval was granted at Austin Health
(HREC/63201/Austin-2020).
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Results

Seventy-eight participants were enrolled in the study and had
admission plasma collected, of whom 71 had admission plas-
ma analyzed via the multiplex assay, and 35 had matching
plasma collected and analyzed at discharge and are included
in this analysis. The results of the paired multiplex assay (N =
35) are summarized in Supplementary Table 1. For the final
cohort of 35 matching patients, the median age-adjusted CCI
was 2 (IQR 1, 4), median length of stay was 6 days (IQR 3–
13), 22 (63%) patients received corticosteroid therapy (6 mg
oral dexamethasone daily for 5 days), and 17 (49%) required
supplementary oxygen. Median admission PaO2:FiO2 ratio
was 376, and 11 (31%) patients required intensive care admis-
sion. Additional demographic, laboratory, and treatment data
can be found in Supplementary Table 2. Multiplex assay re-
sults for all 71 patients at single admission timepoint can be
found in Supplementary Table 3.

From admission to discharge, a significant decrease in in-
terleukin (IL)-6 (5.05 vs 0 pg/mL, p < 0.001), tumor necrosis
factor alpha (TNF-a) (9.62 vs 6.17 pg/mL, p = 0.002), mono-
cyte chemoattractant protein-1 (MCP-1) (9.59 vs 4.26 pg/mL,
p = 0.02) was observed (Fig. 1). A significant difference in IL-
1b (p = 0.03) was also detected, although levels at admission
and discharge were both very low.

Detectable levels of IL-7, IL-8, and IL-10 were found, al-
though these had not significantly decreased at time of dis-
charge. Levels of IL-2, IL-5, IL-12, IL-13, IL-17, granulocyte
colony stimulating factor (G-CSF), and granulocyte macro-
phage colony stimulating factor (GM-CSF) were not elevated
at either timepoint.

There were no statistically significant differences be-
tween subgroups of ICU admission and receipt of cortico-
steroids (Supplementary Tables 5 and 6). Multiple linear
regression for the change in the four key cytokines identi-
fied in Fig. 1 between admission and discharge and CCI,
ICU admission, and receipt of corticosteroids is shown in
Supplementary Table 7 and also revealed no statistically
significant differences.

Discussion

Our study has simultaneously compared the dynamics of
SARS-CoV-2 infection across 17 cytokines over the course
of patients’ hospital admissions. It is notable that the majority
of cytokines measured were not increased at either timepoint,
suggesting a lesser potential role for interventions that target
these pathways and for therapeutic monitoring.

IL-6 has frequently been implicated in the inflammatory
cascade associated with severe COVID-19 [1, 2], as have
IL-1b and TNF-a [3, 4]. Elevated levels of TNF-a and MCP-
1 have also been demonstrated in SARS-CoV-2 infected
ACE2+ pneumocytes [5]. The significant dynamic reduction
in these cytokines over time provides evidence to implicate
these molecules in the inflammatory state associated with
moderate and severe COVID-19 infection, and that the reduc-
tion in expression of these molecules is associated with clin-
ical resolution.

Although COVID-19 is often a highly inflammatory pro-
cess, our study found only a few cytokines actually elevated in
hospitalized patients. There is, however, a definite change
over time in several cytokines that correlates with clinical
recovery, suggesting a potential role for these cytokines as
biomarkers, and providing a biologically plausible explana-
tion for the reported efficacy of therapeutic agents targeting
these cytokines such as the IL-6 inhibitors, tocilizumab and
sarilumab [6].

Our study is limited by its small sample size, due to the
to-date relatively low prevalence of COVID-19 in our set-
ting. We postulate that this may explain the absence of sig-
nificant differences between subgroups such as those re-
quiring ICU admission or receipt of steroids, due to insuffi-
cient statistical power. Given the interplay between cortico-
steroid therapy and the immune response, and speculative
correlation between COVID-19 severity and cytokine re-
sponse, it would be beneficial to perform these analyses
on a larger cohort to further explore these interactions. A
number of cytokines with potential roles in the immune
response to Sars-CoV-2 infection, such as type 1 inter-
ferons, were not included in this analysis as they were not
measurable using the Bioplex panel. Furthermore, this
study has only included admitted patients. As such, the re-
sults may not be generalizable to the full spectrum of

Fig. 1 Changes in key cytokines from admission to discharge. A:
admission, D: discharge, IL: interleukin, MCP-1: monocyte
chemoattractant protein-1, TNF-a: tumor necrosis factor alpha.
***p < 0.001, **p < 0.01, *p < 0.05. Outlier values are marked with
points, all other data points lie within the box plots. All cytokines
shown in the figure demonstrated statistically significant reductions (see
Supplementary Table 1)
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patients with COVID-19 disease, particularly to outpatients
with less severe disease. Nonetheless, this study examines a
prospectively collected cohort with matching analysis at
time of illness presentation and convalesce.

Conclusion

Our immune COVID-19 cytokine study, which longitudinally
measured 17 common cytokines at paired admission and dis-
charge timepoints for 35 patients hospitalized with COVID-
19, found an elevation in several clinically significant cyto-
kines, and a significant reduction in IL-6, TNF-a, IL-1b, and
MCP-1 associated with disease convalescence, adding further
weight to the immunopathological importance of these cyto-
kines in the development and resolution of COVID-19 and
future pathways for disease modulation.
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