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A B S T R A C T   

Background: Several immune mediators (IM) including cytokines, chemokines, and their receptors have been 
suggested to play a role in COVID-19 pathophysiology and severity. 
Aim: To determine if early IM profiles are predictive of clinical outcome and which of the IMs tested possess the 
most clinical utility. 
Methods: A custom bead-based multiplex assay was used to measure IM concentrations in a cohort of SARS-CoV-2 
PCR positive patients (n = 326) with varying disease severities as determined by hospitalization status, length of 
hospital stay, and survival. Patient groups were compared, and clinical utility was assessed. Correlation plots 
were constructed to determine if significant relationships exist between the IMs in the setting of COVID-19. 
Results: In PCR positive SARS-CoV-2 patients, IL-6 was the best predictor of the need for hospitalization and 
length of stay. Additionally, MCP-1 and sIL-2Rα were moderate predictors of the need for hospitalization. 
Hospitalized PCR positive SARS-CoV-2 patients displayed a notable correlation between sIL-2Rα and IL-18 
(Spearman’s ρ = 0.48, P=<0.0001). 
Conclusions: IM profiles between non-hospitalized and hospitalized patients were distinct. IL-6 was the best 
predictor of COVID-19 severity among all the IMs tested.   

1. Introduction 

COVID-19 has placed significant strain on hospitals worldwide. 
Limited resources and hospital inpatient capacity for patients with se
vere SARS-CoV-2 infections have become a major obstacle during the 
pandemic. Given the highly variable presentation between patients, 
accurately predicting the course of the disease is vital to ensure proper 
planning and allocation of resources. The role of cytokines has been an 
important topic, as severe COVID-19 cases are often accompanied by 

overactive immune responses [1]. The high degree of variability 
regarding initial viral dose, viral genotype, general health, and genetic 
predispositions between patients have made it challenging to determine 
clinically useful cytokine patterns or gain mechanistic insight into dis
ease pathogenesis. 

SARS-CoV-2 infections have a wide range of presentations, with the 
most severe cases involving the infection of the alveolar pneumocytes in 
the lower respiratory tract [2]. While some individuals can clear the 
infection, other, often older individuals and/or those with 
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comorbidities, experience severe pneumonia which can lead to systemic 
inflammation, organ failure, or death [3]. In these severe cases, there 
appears to be major dysregulation of the immune response with 
abnormal concentrations of cytokines, chemokines, and their receptors. 
Numerous studies have described cytokine elevations in COVID-19, with 
elevations in IL-1β, IL-1Rα, IL-7, IL-8, IL-9, IL-10, basic FGF, G-CSF, GM- 
CSF, IFNγ, IP-10, MCP-1, MIP-1α, MIP-1β, PDGF, TNF, and VEGF con
centrations in both intensive care unit (ICU) patients and non-ICU pa
tients compared to healthy adults [3]. In another study, the expression of 
interleukin IL-6, IL-10, and IP-10 was suggested to be closely correlated 
with disease progression [4]. To our knowledge, very few groups have 
been able to examine non-hospitalized symptomatic SARS-CoV-2 posi
tive individuals with regards to immune mediator (IM) levels in plasma 
[5,6]. 

In the present study, we measured 14 analytes (MCP-1, MIP-1α, 
soluble IL-2 receptor α (sIL-2Rα), GM-CSF, IFNα, IFNβ, IFNγ, IL-1β, IL-6, 
soluble IL-6 receptor α (sIL-6Rα), VEGF, IL-10, IL-18, and TNF) poten
tially related to cytokine release syndrome. These analytes were chosen 
to sample both pro and anti-inflammatory cytokines, as well as soluble 
receptors previously reported to be affected (elevated or suppressed) in 
patients with cytokine release syndrome due to CAR T-cell therapies, 
SARS-CoV-2, MERS, SARS, and ARDS [3,7–10]. GM-CSF and sIL-6Rα 
were included as these were targets of early cytokine modulator thera
pies for COVID-19 [11–13]. The objective of this study was to determine 
if early IM measurements in PCR positive SARS-CoV-2 patients would be 
predictive of disease outcome (need for hospitalization or not). Within 
the hospitalized cohort, we aimed to determine whether individual IMs 
or a combination thereof could distinguish those patients with a shorter 
hospital stay (<10 days) from those with a longer stay (≥10 days) or 
disease mortality. Additionally, relationships between IMs regarding 
disease severity were explored. 

2. Materials and Methods 

2.1. SARS-CoV-2 positive samples and healthy controls 

Residual EDTA plasma samples (n = 395) from 289 unique SARS- 
CoV-2 positive (qualitative real-time RT-PCR) patients in whom the 
IL-6 assay (Mayo Clinic Laboratories, Rochester, MN) was ordered for 
clinical management were included in the study. Samples were collected 
in EDTA tubes, placed immediately on wet ice, centrifuged within 2 h of 
collection (1500 × g for 10 min), aliquoted, and frozen within 30 min 
(-20 or − 80 ◦C). Samples underwent at least one freeze/thaw cycle prior 
to testing. Patients were included if they were hospitalized and the 
sample was collected before the initiation of medications that could 
potentially alter IM expression, such as monoclonal antibody treat
ments, convalescent plasma, or antiviral treatments. Additionally, pa
tients were excluded if they were already hospitalized for other complex 
medical conditions, where SARS-CoV-2 was found incidentally. Patient 
groups were categorized based on the length of hospital stay as a mea
sure of disease severity. Chart review was performed on each hospital
ized patient to record age, sex, relevant clinical history, medications, 
and SARS-CoV-2 molecular status at the time of collection. Admission 
and discharge dates were obtained to calculate the length of stay (LOS). 
The date of symptom onset and the date of sample collection were 
recorded to calculate the number of days from symptom onset (DFSO) to 
sample collection. The need for invasive mechanical ventilation, and 
whether the patient was in the ICU was also recorded. Laboratory results 
for CRP (serum), ferritin (serum), and D-dimer (plasma) within 24 h of 
cytokine measurement were recorded, if available. 

EDTA plasma samples from symptomatic SARS-CoV-2 (n = 37) 
positive individuals who did not require hospitalization (non-hospital
ized, NH) for COVID-19 symptoms were collected within 72 h after a 
confirmed positive SARS-CoV-2 PCR result (qualitative real-time RT- 
PCR, Mayo Clinic, Rochester MN) and then serially collected every 2 
days. Sample collection and processing were done in the same manner as 

the hospitalized patients. Samples were kept frozen (-20 or − 80 ◦C) until 
testing on the multiplex panel. For the NH patients age, sex, SARS-CoV-2 
molecular status, and date of symptom onset were recorded. Addition
ally, charts were reviewed for at least 2 weeks following collection to 
ensure that no COVID-19 related hospitalization occurred. Two patients 
that were initially classified as NH were reclassified into the hospital
ized < 10 d group after follow-up review showed that both were 
admitted to the hospital with COVID-19 pneumonia 5 and 6 days after 
initial sample collection. 

EDTA plasma (n = 119) from healthy donors (median age, IQR =
41.0[33.0,55.0], 48% male) was obtained through the Mayo Clinic 
Department of Laboratory Medicine and Pathology Biospecimen Donor 
Program. All samples were kept frozen (-20 or − 80 ◦C) prior to testing. 
The samples were collected in the same manner as described above for 
the SARS-CoV-2 positive patients. Exclusion criteria included medica
tions (antibiotic, antiviral, immunosuppressive, etc.), and relevant 
medical conditions such as autoimmune diseases, infectious diseases 
including COVID-19, pregnancy, malignancy, and other disorders of 
circulatory, digestive, respiratory, and endocrine systems, kidney, liver, 
skin, and thyroid. 

All studies were reviewed and approved by the Mayo Clinic Institu
tional Review Board. 

2.2. Custom multiplex assay for immune mediators 

A custom human 14-plex assay on the Luminex® FLEXMAP 3D (R&D 
Systems, Minneapolis, MN, cat#CUST0I704) was used for measure
ments of MCP-1, MIP-1α, sIL-2Rα, GM-CSF, IFNα, IFNβ, IFN-γ, IL-1β, IL- 
6, sIL-6Rα, VEG-F, IL-10, IL-18, and TNF. Testing was performed per the 
manufacturer’s instructions. The following analytical parameters were 
validated prior to performing the study: imprecision, limits of detection 
and quantification, analytical measurement range (AMR), 97.5th 
percentile reference interval, accuracy, and analytical specificity 
(Table 1). No significant cross-reactivity between analytes on the panel 
was observed (data not shown). 

2.3. Exploratory analyses 

To determine the prognostic value of the multiplex assay, the earliest 
available sample collection after a positive SARS-CoV-2 result was 
included in the analysis. Sample collections took place between 0 and 
12 days from symptom onset. For comparison of plasma IM concentra
tions, the sample cohort was divided into the following groups: healthy 
controls (HC; n = 119), non-hospitalized (NH; n = 37), hospitalized <
10 days (<10 d; n = 117), hospitalized ≥ 10 days (10 + d; n = 57), and 
deceased (DEC; n = 16). 

Initially, the IM concentrations represented as multiples of the 
reference median were plotted and analyzed using the Plot by Multiple 
Conditions interpretive tool in Collaborative Laboratory Integrated Re
ports (CLIR) web-based multivariate pattern recognition software (htt 
ps://clir.mayo.edu, 16 Jul 2021) as previously described [14]. Plot by 
Multiple Conditions in CLIR was also used to explore combinations of IM 
ratios as potential markers. If the analyte concentration was below the 
assay’s LLOQ or LOD, raw data was used to discern the approximate 
magnitude of the difference from healthy controls. If the analyte was 
undetectable, the midpoint between the lowest extrapolated concen
tration and zero was used in place of the missing value. Clinical signif
icance for this analysis was defined as the group median being above the 
97.5th percentile of the reference population (HC group). 

Receiver operating characteristic (ROC) curves for 7 of the 14 ana
lytes, excluding those analytes whose median analyte concentrations 
were below the established LLOQ for each assay, were constructed to 
evaluate each analyte’s ability to discriminate hospitalized from non- 
hospitalized COV SARS-CoV-2 positive patients. ROC curves were used 
to determine which analytes best discriminated between those with a 
short (<10 days) versus long hospital stay (10 + days) and which 
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analytes were able to distinguish patients who were hospitalized versus 
those who died. 

Correlation scatterplots were also constructed for 7 of the 14 ana
lytes. Pair-wise correlation matrices with histograms were constructed 
for the SARS-CoV-2 positive patients overall and for the following 
groups: NH, <10 d, 10 + d, and DEC to identify any relationships that 
may exist between analytes across all SARS-CoV-2 positive patients and 
within each severity group individually. 

2.4. Analysis of candidate immune mediators 

To determine whether the candidate IMs selected in the exploratory 
analysis had practical clinical utility in the setting of COVID-19, uni
variate group analysis was performed on seven IM assays. These IMs 
were selected if they displayed adequate analytical sensitivity and 
clinically significant differences in at least one severity group. For this 
analysis, results that fell below the LLOQ were assigned a value just 
below the LLOQ (subtract one from the smallest significant digit). If the 
value was above the top calibrator, a value just above the highest cali
brator was used (add one to the smallest significant digit of the highest 
calibrator). Medians, IQR, and count (%) above the reference data 
97.5th percentile were calculated. Wilcoxon-Mann-Whitney test (5% 
significance level) was performed to assess median differences between 
the following patient groups HC, NH, <10 d, 10 + d, DEC. 

2.5. Statistical analyses 

Instrument analyte concentrations represented as multiples of the 
reference medians (MOMs) were plotted (CLIR Plot by Multiple Condi
tions) using CLIR software version 2.23 (Collaborative Laboratory In
tegrated Reports, https://clir.mayo.edu, 16 Jul 2021). Analyte median 
MOMs which exceeded the 97.5th percentile of the reference population 
(above the green shading in Fig. 1) were considered clinically significant 
[14]. 

ROC curves were constructed using Analyse-it for Excel (Microsoft, 
Redmond, WA). Correlation analysis was performed using Spearman’s 
correlation and Fisher Z transformation using Analyse-it for Excel. P- 
values obtained from correlation analyses were adjusted for multiple 
comparisons using the Benjamini and Hochberg protocol [15]. 

Univariate group analysis was performed using Analyse-it for Excel. 
For each analyte, median (pg/mL) and IQR (Inter-quartile range) were 
calculated. The medians were tested between group pairs and P-values 
were calculated using the non-parametric Wilcoxon-Mann-Whitney test 
(5% significance level). P-values for this analysis were adjusted using 
the Benjamini and Hochberg protocol [15]. 

Table 1 
Analytical performance characteristics of the multiplex assay.   

TNF IL-6 IFNβ IL-10 MCP-1 VEGF sIL-6Rα 

AMR (pg/mL) 10.0–900 5.0–315 20.0–1200 7.0–750 40.0–9000 30.0–3462 246–35882 
LOD (pg/mL) 4.5 2.9 8.5 3.7 30.8 11.9 47.6 
LLOQ (pg/mL) 10.0 5.0 20.0 7.0 40.0 30.0 246.0 
Reference Interval (pg/mL) <10.0 <5.0 <20.0 <7.0 ≤245 ≤83.4 ≤45826 
% Spike recovery 85% 74% 85% 104% 138% 94% 88%   

IL-1β IFNγ MIP-1α GM-CSF sIL-2Rα IFNα IL-18 
AMR (pg/mL) 20.0–3500 60.0–8500 220–5000 15.0–780 40.0–4000 20.0–1500 65.0–11000 
LOD (pg/mL) 10.7 33.8 121 7.8 38.3 8.4 29.9 
LLOQ (pg/mL) 20.0 60.0 220 15.0 40.0 20.0 60.0 
Reference Interval (pg/mL) <20.0 <60.0 <220 <15.0 ≤1016 <20.0 ≤524 
% Spike recovery 91% 126% 116% 77% 98% 100% 81% 

*Note: For some analytes, the validation of AMR (Analytical Measuring Range) did not include the entire calibrator range. For example, for IL-6, the AMR was only 
verified up to 315 pg/mL, but the highest calibrator extends to 980 pg/mL. 

Fig. 1. CLIR plot by multiple conditions of 14 immune mediators’ concentrations in SARS-CoV-2 positive patients plotted as multiples of the reference 
median. Upper whisker end: 97.5th percentile; top of the box: 90th percentile; line in the box: median; bottom of the box: 10th percentile; lower whisker end: 2.5th 
percentile. Severity groups shown are non-hospitalized (NH), hospitalized < 10 days (<10 d), hospitalized > 10 days (10 + d), and deceased (DEC). If the group 
median line exceeded the top of the green shaded range (>97.5th percentile of reference population), the analyte differences were considered clinically informative. 
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3. Results 

3.1. Patient cohort characteristics 

Table 2 shows the demographic and clinical features of the SARS- 
COV-2 positive patients. No gender differences were seen between the 
various disease groups. However, there were significant median age 
differences between groups, with more severe outcomes observed in 
older individuals (P=<0.0001–0.0422). Additionally, the percentage of 
patients in the ICU and on mechanical ventilation increased with length 
of stay, supporting the use of these parameters as indicators of severity. 
Where available, CRP, ferritin, and D-dimer concentrations were 
compared within the cohorts. D-dimer showed significant differences 
between the DEC and < 10 d (P = 0.0295) and DEC and 10 + d (P =
0.0048) groups, whereas no significant differences were observed be
tween groups for CRP or ferritin. 

There were differences between median DFSOs (number of days 
between symptom onset and sample collection) between the groups. In 
the non-hospitalized patients, the median [IQR] was 5.0 [4.0, 5.6] days 
from the onset of symptoms to sample collection, which on average was 
two days earlier than the hospitalized patients (<10 d, 10 + d). To ac
count for potential differences in IM concentrations due to the timing of 
sample collection in relation to the symptom onset within the groups, a 
subset of NH patients (n = 19) in whom samples were collected serially 
at five and seven days from symptom onset were evaluated. Only one 
analyte (MCP-1) showed a statistically significant change in the median 
concentration (149 pg/mL at day 5 versus 136 pg/mL at day 7; P =
0.0027). Given that both values were within the 97.5th reference in
terval (<or = 245 pg/mL), the changes were not considered to be 
clinically significant, and the first collection was used in the analysis of 
all IMs. 

3.2. Differences in IM concentrations and association with hospital course 

IMs plotted as multiples of the reference median are displayed in 
Fig. 1. Of the analytes evaluated, IL-6 displayed the best separation 
between the non-hospitalized and hospitalized groups (<10 d, 10 + d), 
with the hospitalized patients having minimal overlap with the refer
ence group and non-hospitalized group. Various analytes including 
MCP-1 (hospitalized and deceased), sIL-2Rα (hospitalized and 
deceased), IL-18 (hospitalized and deceased), IL-10 (hospitalized and 
deceased), and TNF (all groups) showed median elevations above the 
97.5th percentile of the reference population in some patients, however, 
there was a less obvious separation between the disease severity groups. 
Two additional analytes, INF’γ and IL-1β displayed clinically significant 

elevations in all groups, however, actual median concentrations for all 
severity groups were lower than the assay’s LLOQ, rendering these ob
servations inconclusive. One important observation was that most ana
lytes (11/14) showed the non-hospitalized cohort completely 
overlapping with the reference population, despite having confirmed 
SARS-CoV-2 infection. Some analytes (VEGF, IL-10, TNF, IL-18, IFNα) 
appeared to exhibit differences between severity groups, however, the 
hospitalized and deceased groups still greatly overlapped with the 
reference group. sIL-6Rα, MIP-1α, GM-CSF, and INFβ, on the other hand, 
showed little difference between groups and displayed large overlap 
with the reference group. Various ratios of IMs were evaluated, and none 
were superior to IL-6 in differentiating the severity groups (data not 
shown). 

Seven IM candidates were selected for further analysis. Table 3 
shows the median, IQR, and % of patients with a result above 97.5th 
percentile of reference values for sIL-2Rα, IL-6, IL-10 IL-18, TNF, VEGF, 
and MCP-1. Three analytes (IL-6, IL-10, and MCP-1) showed significant 
median differences between NH and hospitalized as well as significant 
differences between the two hospitalized groups with shorter (<10 d) 
and longer (10 + d) stays. IL-6 median concentrations increased with the 
severity of the disease. All 10 + d hospitalized patients, as well as 
deceased patients, had IL-6 concentrations above the 97.5th percentile 
of the reference value compared to 91% of < 10 d hospitalized patients 
having an elevated IL-6 and only 14% of outpatients. IL-6 concentrations 
plotted as a function of the number of symptom days, demonstrated a 
marked separation between hospitalized patients with non-hospitalized 
patients and healthy controls. In hospitalized patients, IL-6 showed a 
weak positive correlation with DFSO (ρ = 0.20, P = 0.0047) over the 12 
day time window (Fig. 2). In 94% (179/190) of hospitalized patients, IL- 
6 was elevated (>5 pg/mL), suggesting that in the first 12 days of 
infection the timing of IL-6 measurement might not be as critical for 
predicting patient outcomes (Fig. 2). IL-10 median concentrations were 
elevated in 32% to 56% of hospitalized patients while no outpatients 
showed an IL-10 above the 97.5th percentile of the reference population. 
MCP-1 median concentrations were elevated in 66 to 83% of hospital
ized or deceased patients compared to only 5% of NH patients. 

The rest of the analytes only had significant median differences be
tween the NH and hospitalized/deceased, but no significant differences 
between the two hospitalized groups with shorter (<10 d) and longer 
(10 + d) stays. sIL-2Rα median concentrations were elevated in 62% to 
81% of hospitalized or deceased patients while no NH showed an 
elevated sIL-2Rα. IL-18 median concentrations were elevated in 54% to 
56% of hospitalized or deceased patients while 8% of NH showed an 
elevated IL-18. TNF median concentrations were elevated in 58% to 
74% of hospitalized or deceased patients while 32% of NH showed an 

Table 2 
Cohort characteristics.   

Non-Hospitalized Hospitalized < 10 days Hospitalized 10 + days Deceased 

N (Total = 346) 37 117 57 16 
Age, Median [IQR] 33.0 [25.6,42.6] 56.1 [42.0,70.6] 60.2 [50.5,74.5] 75.3 [67.1,82.7] 
Male (%) 41% 57% 44% 69% 
DFSO, Median [IQR] 5.0 [4.0,5.6] 6.9 [3.7,8.3] 7.6 [5.1,9.0] 3.6 [2.6,9.0] 
LOS, Median [IQR] N/A 5.0 [3.0,7.0] 14.0 [11.0,24.0] 21.5 [14.4,29.6] 
ICU (%) N/A 21% 60% 75% 
Mechanical Ventilation during stay (%) N/A 1% 25% 75%  

CRP, serum mg/L  72.2 [20.7,134], N = 87 76.6 [57.1,131], N = 40 81.7 [51.5,116], N = 15 
Ferritin, serum μg/L  460 [184,1043], N = 42 776 [398,1007], N = 22 278 [144,1069], N = 10 
D-Dimer, plasma ng/mL  651 [428,1078], N = 95 720 [527,1183], N = 45 1860 [663,7224], N = 15 

*DFSO is the number of days between symptoms onset and sample collection. 
*LOS is the length of hospital stay 
There were significant differences between patient groups regarding median age, for hospitalized vs. non-hospitalized (Wilcoxon-Mann-Whitney, 5% significance, P- 
value=<0.0001). Smaller yet significant differences were observed between DEC and 10 + d (P = 0.0051), healthy controls vs non-hospitalized (P = 0.0028), and 10 +
d vs < 10 d(P = 0.0422). 
Also, significant median D-dimer differences exist between DEC and < 10 d (P = 0.0295) and DEC and 10 + d (P = 0.0048). 
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elevation. VEGF median concentrations were elevated in 16% to 31% of 
hospitalized or deceased patients while no NH showed a VEGF elevation. 

ROC analysis was performed on the seven candidate IMs (IL-6, IL-10 
IL-18, sIL-2Rα, MCP-1, VEGF, and TNF) (Fig. 3). IL-6 was the best pre
dictor of hospitalization with a ROC area under the curve (AUC) of 0.96. 
Two cytokines, sIL-2Rα (AUC 0.87), and MCP-1(AUC 0.88) showed 
acceptable discrimination between hospitalized and non-hospitalized 
patients but were not superior to IL-6. Numerous cytokine combina
tions and cytokine ratios were evaluated but none were as effective at 
distinguishing outpatients from hospitalized patients as IL-6 alone (data 
not shown). The ability of the analytes to discriminate between a shorter 
(<10 d) and longer LOS (10 + d) was also evaluated. The top three 
candidates to discriminate for the length of stay were IL-6 (AUC 0.70, 
95% CI: 0.62–0.87), MCP-1(AUC 0.69, 95% CI: 0.60–0.78), and IL-10 
(AUC 0.66, 95% CI: 0.57–0.75), although they demonstrated consider
ably less discrimination regarding the length of stay as compared to need 
for hospitalization. Regarding death, only VEGF was able to mildly 
discriminate between deceased and hospitalized patients (AUC = 0.71, 
95% CI: 0.59–0.82), however large overlap with the control group was 
evident for both groups (ROC curves not shown). 

Overall, the IL-6 assay showed superior discrimination and likely has 
the best predictive power to determine the need for hospitalization 
based on an early time point measurement. Interestingly, two of the 
individuals originally recruited into the non-hospitalized cohort had an 
elevated IL-6 at the time of sample collection and were subsequently 
hospitalized due to COVID-19 pneumonia. Patient 1 was a 57 y/o old 
male with hypertension and type 2 diabetes. Symptom onset (day 1) 
included cough, headache, nausea, and shortness of breath (SOB). On 
day 3 after symptom onset, the patient tested positive for SARS-COV-2. 
On days 5 and 8, plasma was collected in an outpatient setting (IL-6 =
16.4 pg/mL and 15.7 pg/mL, respectively). On day 11 the patient pre
sented to the ED with worsening symptoms and was found to be hypoxic, 
with patchy opacity in the left lung. He was admitted to the hospital. The 
overall length of stay was 4 days. In comparison to the other non- 
hospitalized patients, this patient’s initial measurement of IL-6 was 
noticeably elevated 6 days prior to hospitalization. Patient 2 was a 41 y/ 
o male with no significant medical history. SARS-COV-2 PCR was pos
itive on symptom day 3. Initial IL-6 measurement on symptom day 4 was 
elevated (IL-6 = 14.1 pg/mL). Two days later (day 6) the patient arrived 
at the ED and was SOB, tachypneic and lymphocytopenic. The patient 

Ta
bl

e 
3 

M
ed

ia
n 

co
nc

en
tr

at
io

ns
 (

pg
/m

L)
 o

f i
m

m
un

e 
m

ed
ia

to
rs

 a
cr

os
s 

se
ve

ri
ty

 g
ro

up
s.

   

N
on

-h
os

pi
ta

liz
ed

 
<

10
 d

 h
os

pi
ta

liz
ed

 
10

 þ
d 

ho
sp

it
al

iz
ed

 
D

ec
ea

se
d 

P-
va

lu
e 

A
na

ly
te

 
M

ed
ia

n 
[I

Q
R]

 
^P

os
iti

ve
 

(%
) 

M
ed

ia
n 

[I
Q

R]
 

^P
os

iti
ve

 
(%

) 
M

ed
ia

n 
[I

Q
R]

 
^P

os
iti

ve
 

(%
) 

M
ed

ia
n 

[I
Q

R]
 

^P
os

iti
ve

 
(%

) 
H

C 
w

ith
 

N
H

 
N

H
 w

ith
 <

 1
0 

d,
 1

0 
+

d,
 

DE
C 

<
10

 d
 w

ith
 1

0 
+

d 
<

10
 d

,1
0 
+

d 
w

ith
 

de
ce

as
ed

 

sI
L-

 
2R

α 
64

4 
[5

16
,7

74
] 

0 
(0

%
) 

12
58

 
[8

49
,1

76
0]

 
73

(6
2%

) 
14

23
 

[9
10

,2
18

1]
 

38
 (

67
%

) 
16

35
 

[1
13

9,
23

11
] 

13
 (

81
%

) 
**

 
**

**
, *

**
*,

 *
**

* 
ns

 
ns

, n
s 

IL
-6

 
4.

9 
[4

.9
,4

.9
] 

5 
(1

4%
) 

24
.3

 
[1

2.
2,

49
.1

] 
10

6(
91

%
) 

50
.8

 
[2

4.
2,

88
.0

] 
57

 (
10

0%
) 

46
.0

 [
29

.7
,8

3.
9]

 
16

 (
10

0%
) 

* 
**

**
, *

**
*,

 *
**

* 
**

* 
* 

, n
s 

IL
-1

0 
6.

9 
[6

.9
,6

.9
] 

0 
(0

%
) 

6.
9 

[6
.9

,8
.6

] 
37

(3
2%

) 
7.

9 
[6

.9
,1

6.
0]

 
32

 (
56

%
) 

6.
9 

[6
.9

,8
.4

] 
6 

(3
8%

) 
ns

 
**

*,
 *

**
*,

 *
**

* 
**

* 
ns

, n
s 

IL
-1

8 
32

7 
[2

44
,4

32
] 

3 
(8

%
) 

55
4 

[3
51

,7
69

] 
63

(5
4%

) 
58

1 
[3

85
,7

53
] 

31
 (

54
%

) 
53

1 
[3

70
,6

77
] 

9 
(5

6%
) 

**
* 

**
**

, *
**

*,
 *

**
 

ns
 

ns
, n

s 
TN

F 
9.

9 
[9

.9
,9

.9
] 

12
 (

32
%

) 
11

.4
 [

9.
9,

15
.6

] 
68

(5
8%

) 
13

.2
 [

9.
9,

 1
7.

7]
 

42
 (

74
%

) 
12

.4
 [

9.
9,

13
.8

] 
10

 (
63

%
) 

**
* 

**
*,

**
**

, *
* 

ns
 

ns
, n

s 
V

EG
F 

36
.3

 
[3

9.
8,

62
.3

] 
0 

(0
%

) 
56

.1
 

[4
2.

0,
73

.3
] 

19
(1

6%
) 

63
.1

 
[4

6.
8,

85
.8

] 
15

 (
26

%
) 

77
.7

 [
60

.5
,9

7.
8]

 
5 

(3
1%

) 
**

* 
**

**
,*

**
*,

**
**

 
ns

 
**

, n
s 

M
C

P-
1 

14
3.

6 
[1

18
,1

77
] 

2 
(5

%
) 

30
5 

[1
93

,3
98

] 
77

(6
6%

) 
41

2 
[2

91
,5

69
] 

47
 (

83
%

) 
33

1 
[2

20
,5

80
] 

10
 (

62
.5

%
) 

ns
 

**
**

,*
**

*,
**

**
 

**
* 

ns
, n

s 

N
ot

e:
 F

or
 th

is
 a

na
ly

si
s,

 n
um

be
rs

 le
ss

 th
an

 th
e 

lo
w

er
 li

m
it 

of
 q

ua
nt

ita
tio

n 
(L

LO
Q

) a
re

 a
ss

ig
ne

d 
a 

va
lu

e 
ju

st
 b

el
ow

 th
e 

LL
O

Q
 (s

ub
tr

ac
t o

ne
 fr

om
 th

e 
sm

al
le

st
 si

gn
ifi

ca
nt

 d
ig

it)
. I

f t
he

 v
al

ue
 w

as
 a

bo
ve

 th
e 

to
p 

ca
lib

ra
to

r a
 v

al
ue

 
ju

st
 a

bo
ve

 th
e 

hi
gh

es
t c

al
ib

ra
to

r w
as

 u
se

d 
(a

dd
 o

ne
 to

 th
e 

sm
al

le
st

 si
gn

ifi
ca

nt
 d

ig
it 

of
 th

e 
hi

gh
es

t c
al

ib
ra

to
r)

. C
or

re
ct

ed
 P

-v
al

ue
s (

Be
nj

am
in

i H
oc

hb
er

g)
 w

er
e 

ca
lc

ul
at

ed
 b

et
w

ee
n 

gr
ou

ps
 w

ith
 th

e 
W

ilc
ox

on
-M

an
n 

W
hi

tn
ey

 
te

st
 (

5%
 s

ig
ni

fic
an

ce
 le

ve
l)

. 
^ P

os
iti

ve
 (

%
) 
=

nu
m

be
r 

(%
) 

of
 p

at
ie

nt
s 

w
ho

 e
xc

ee
de

d 
th

e 
97

.5
th

 p
er

ce
nt

ile
 o

f t
he

 r
ef

er
en

ce
 p

op
ul

at
io

n 
(H

ea
lth

y 
Co

nt
ro

ls
, n

 =
11

9)
 

ns
 P

 >
0.

05
 (

no
t s

ig
ni

fic
an

t)
, 

* 
P 
≤

0.
05

. 
**

 P
 ≤

0.
01

. 
**

* 
P 
≤

0.
00

1.
 

**
**

 P
 ≤

0.
00

01
. 

Fig. 2. Initial IL-6 concentrations (pg/mL) for all patients versus symptom 
day. Deceased patients (DEC), hospitalized non-deceased patients (H), non- 
hospitalized patients (NH), and healthy controls (HC) are shown. The 
maximum for HCs is denoted by the line. The two non-hospitalized patients 
reclassified from non-hospitalized to hospitalized (NH to H) are color-coded 
separately. Spearman’s ρ for all hospitalized patients was 0.20 (P = 0.0047), 
showing a weak positive correlation. 
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left of his own accord only to return 3 days later (day 9) with worsening 
symptoms related to COVID-19 pneumonia. The patient had an un
complicated hospital course and was discharged on day 11. In both 
patients, the IL-6 concentration at symptom day 4–5 were elevated prior 
to hospitalization, suggesting that IL-6 may have value as a predictor of 
the need for hospitalization in SARS-COV-2 infection. 

3.3. Correlation analysis for associations between IMs 

While some analytes clearly demonstrated more clinical utility than 
others, closer examination of the relationships between cytokines in the 
setting of COVID-19 might allow for further mechanistic insight into the 
disease. Spearman’s correlation coefficients between candidate IMs are 
shown in Fig. 4. When hospitalized patients were examined, all analyte 
pairs except IL-18 with MCP-1 and sIL-2Rα with MCP-1 show a signifi
cant correlation. The strongest correlation in the hospitalized cohort was 
IL-18 with sIL-2Rα (Spearman’s ρ = 0.48, P=<0.0001). In contrast, the 
non-hospitalized cohort did not show any significant correlations. When 
combining NH and hospitalized cohorts, all pairs showed significant 

correlation and the strongest pair was MCP-1 with IL-6 (Spearman’s ρ =
0.59, P=<0.0001). Scatter plots and histograms for all possible pairs for 
7 candidate analytes are viewable in Figure Supplementary figure 1. 

4. Discussion 

The measurement of IMs at the earliest available time-point after a 
positive SARS-CoV-2 PCR test allowed for the evaluation of potential 
markers that could predict hospitalization and/or length of stay due to 
COVID-19. Furthermore, marked differences were identified between 
the IM profiles of non-hospitalized versus hospitalized SARS-COV-2 
positive patients. Of the candidate markers chosen for further analysis, 
significant differences existed between the NH group and all 3 hospi
talized groups (<10 d, 10 + d, and DEC) for IL-6, MCP-1, sIL-2Rα, VEGF, 
IL-18, and TNF. Only IL-6, MCP-1, and IL-10 showed significant differ
ences between groups with a shorter and longer hospital stay (<10 d, 10 
+ d). When evaluating the clinical performance of each marker in pre
dicting the need for hospitalization, IL-6 was most effective (AUC 0.96). 
Our findings regarding IL-6 elevations in patients with severe COVID-19 
confirm prior reports [16,17,18,19,20,21]. 

Our study expands on previous findings by showing that the 
expression of IL-6 in individuals not requiring hospitalization is signif
icantly lower than those individuals who were hospitalized. A study of 
471 hospitalized patients and 39 outpatients with mild disease reported 
that elevations of IL-6, CXCL-10, and GM-CSF were associated with 
disease severity and accompanied by elevated markers of endothelial 
injury and thrombosis [5]. A smaller study comparing the distribution of 
IMs in 37 age- and sex-matched symptomatic and asymptomatic in
dividuals reported that asymptomatic individuals exhibited lower levels 
of 18 pro and anti-inflammatory cytokines which included IL-6, IFNγ, IP- 
10, IL-6, GM-CSF, and EN-RAGE/S100A12 [6]. Our study also showed 
that in the hospitalized groups, IL-6 concentrations showed a stepwise 
increase with worsening outcomes. When comparing IL-6 to the other 
evaluated markers, IL-6 was the best predictor of hospitalization when 
measured early in the time course of the disease. Two individuals 
recruited as outpatients and later hospitalized had an IL-6 concentration 
roughly 3 times higher than the upper limit of normal within two days of 
their positive PCR test. In addition, 7 of 8 (88%) hospitalized patients in 
whom the IMs were measured within 24 h of their initial symptoms, IL-6 

Fig. 4. Association between IMs. Correlation matrices were constructed for each analyte for hospitalized, non-hospitalized, and combined cohorts. Spearman’s rho 
(ρ) is shown for each pair and statistically significant pairs are highlighted red (P=<0.05). 

Fig. 3. ROC curve for seven IMs to discriminate between the non-hospitalized 
(NH) group and the combined non-deceased hospitalized groups (<10 d + 10 
+ d). 
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was elevated at least 2 times the upper limit of normal, and these in
dividuals were all hospitalized for 4 or more days. The individual who 
had an IL-6 value within the reference interval was hospitalized for only 
one day. While further studies encompassing a larger number of patients 
are necessary to confirm these observations, one could speculate that 
measuring IL-6 shortly after a positive SARS-COV-2 test could help 
triage patients into low and high-risk categories for complications 
leading to hospitalization. Furthermore, patients placed into a high-risk 
category due to elevated IL-6 concentrations might benefit from pro
phylactic treatment to prevent the need for hospitalization. Prior studies 
have also demonstrated the effectiveness of IL-6 as a prognostic marker 
of disease severity. For example, among elderly residents of long-term 
care facilities, IL-6 showed 100% sensitivity and 90% specificity to 
predict the development of hypoxemia requiring hospitalization [22]. 

The significant differences observed for IL-6 and MCP-1 between the 
< 10 d and 10 + d hospitalization groups suggest an important role of 
these two cytokines in disease severity. IL-6 is a pleiotropic cytokine in 
circulation which functions to induce synthesis of acute-phase proteins, 
has effects on antibody production and T-cell development, and can 
promote differentiation and proliferation of non-immune cells [23]. 
MCP-1 (CCL-2) is a key chemokine that regulates the migration and 
infiltration of monocytes/macrophages [24]. Others have reported that 
elevations in IL-6 and MCP-1 analytes are associated with respiratory 
failure [25]. A significant correlation was observed between this pair in 
hospitalized patients, suggesting that these two IMs may synergize to 
promote disease severity. 

When evaluating the correlation between the IMs, some mechanistic 
insight into COVID-19 pathogenesis might be postulated. For example, a 
significant correlation was observed between sIL-2Rα and IL-18 in the 
SARS-CoV-2 positive cohort (NH and hospitalized). IL-18 promotes Th1 
cell activation, induces IFNγ, and enhances the cytotoxic activity of CD8 
+ T cells and NK cells. Interestingly, IL-18 acts as a co-stimulant for Th1 
cells to augment IL-2, GM-CSF, and IL-2Rα production [26]. In our 
study, sIL-2Rα showed significant elevation in the hospitalized groups as 
compared with the outpatients. sIL-2Rα has been suggested by some to 
contribute to the lymphopenia in SARS-CoV-2 positive patients. In vitro 
recombinant CD25 (soluble IL-2Rα) has been shown to inhibit T cell 
proliferation in PBMC, with subsequent rescue by IL-2, suggesting the 
importance of this signaling pathway for the regulation of proliferation 
and a potential mechanism of lymphopenia in COVID-19 [27]. 

A strength of our study is that the assays used were validated to 
establish analytical performance characteristics and ensure the robust
ness and accuracy of the results. IMs in which the assay was not 
considered accurate were eliminated from the more targeted analysis. 
Using this approach, it is possible to translate our findings into clinical 
practice and patient management. This approach might also result in the 
elimination of IMs where the assays were not robust for interpretation. 
For example, while interferons (α, β, γ) concentrations were detectable, 
most results were below our established LLOQ which were not consid
ered suitable for clinical interpretation of these analytes in the context of 
COVID-19. A limitation of the study is that not all samples were 
collected at the same time point in relation to the onset of symptoms. 
Statistical analysis comparing the various groups and the time of sample 
collection did not indicate that this introduced a bias into the study or 
data analysis. However, a prospective study with samples collected on 
the same day from symptom onset would help to address whether the 
timing of IL-6 increase during viral infection affects the patient’s 
outcome. Overall, the differences between IM concentrations in the 
SARS-CoV-2 positive outpatients versus the hospitalized cohorts 
observed in this study support that cytokine-mediated dysregulation 
contributes to disease complication and the need for medical interven
tion. Of the IMs studied, IL-6 was the best predictive marker for the need 
for hospitalization and may single-handedly have clinical utility in the 
early screening of SARS-COV-2 positive patients. 
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