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Objectives: The coordinated immune response of the host is the key of the successful
combat of the body against SARS-CoV-2 infection and is decisive for the development
and progression of COVID-19. In this study, we aimed to investigate whether the
immunological phenotype of patients are associated with duration of illness in patients
with severe COVID-19.

Method: In this single-center study, 69 patients with severe or critical COVID-19 were
recruited retrospectively. Immunological parameters including counts of white blood cells,
neutrophils, lymphocytes, the neutrophil-to-lymphocyte ratio, and levels of circulating
cytokines and cytokine receptors were screened for their association with disease
severity, survival and duration of illness of COVID-19.

Results: Our data confirmed previous results that neutrophil-to-lymphocyte ratio and
circulating levels of IL-6 represent prominent biomarker for the prediction of disease
severity and survival of COVID-19. However, this study shows for the first time that
duration of illness in patients with severe COVID-19 is positively associated with serum
levels of IL-8 (P=0.004) and soluble IL-2Ra (P=0.025).

Conclusion: The significant association of duration of illness with circulating levels of IL-8
and soluble IL-2Ra in patients with severe COVID-19 implicates that neutrophils and T
cells are involved in the evolution of COVID-19.

Keywords: soluble interleukin 2 receptor, interleukin 8, interleukin 6, neutrophil-to-lymphocytes ratio, severe acute
respiratory syndrome coronavirus−2, coronavirus disease 2019
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INTRODUCTION

Coronavirus disease 2019 (COVID-19) which was first reported
in Wuhan, China is viral pneumonia caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) (1, 2). On 11
March 2020, the World Health Organization (WHO) declared
COVID-19 as a pandemic (3). As of Dec. 20, 2020, over 77
million cases of COVID19 worldwide have been laboratory-
confirmed, with more than 1.7 million deaths (4). According
to the WHO guideline, approximately 80% of patients with
COVID-19 may have mild to moderate disease which needs no
or limited inpatient care; while the test 20% of patients have
severe or critical illness disease and require intensive inpatient
interventions (5). In general, elderly people and patients with
comorbidities are more susceptible to the severe illness and death
(6, 7), the case-fatality-ratio varies considerably among
populations (8).

The entry of SARS-CoV-2 is dependent on the surface-
expressed angiotensin-converting enzyme 2 (ACE2) on human
host cells (9). SARS-CoV-2 infection activates both innate and
adaptive immune responses in the host (10, 11). Optimal and
well-coordinated immune responses are able to eliminate the
virus without causing tissue injury and thus lead to
asymptomatic or mild forms of disease. By contrast, excessive
and dysregulated immune responses can result in inordinate
inflammation and harmful tissue damage at both local and
systemic levels, causing severe illness (10, 11). Within this
view, some immunological parameters have been identified as
prominent biomarker to predict the severity of the disease and
patient survival rates, including neutrophil-to-lymphocytes ratio
(NLR) in peripheral blood and circulating levels of interleukin-6
(IL-6) (12–15). Duration of illness, the time-interval between the
onset and the clinical recovery, is an important parameter of the
disease progression and recovery. In this study, we investigated
whether immunological parameters including immune cells in
peripheral blood and circulating cytokines are associated with
duration of illness in patients with severe COVID-19.
MATERIALS AND METHODS

Patients and Data Collection
We retrospectively recruited 69 patients with severe or critical
COVID-19 from February 10 to March 28, 2020, at Guanggu
Branch of Tongji Hospital, Huazhong University of Science and
Technology in Wuhan (China). The hospital was urgently
reconstructed and assigned as a designated hospital for
admitting patients with severe COVID-19. All patients with
COVID-19 were diagnosed and classified according to the
diagnosis and treatment protocols of COVID-19 (6th edition)
released by the National Health Commission of China (16). A
patient was diagnosed as a severe case when any of the following
criteria was met: 1) respiratory distress with the respiratory rate
over 30 per minute, 2) oxygen saturation ≤ 93% in the resting
state, and 3) arterial blood oxygen partial pressure (PaO2)/
oxygen concentration (FiO2) ≤300mmHg. A critically ill case
Frontiers in Immunology | www.frontiersin.org 2
was diagnosed when any of the following criteria was met: 1)
respiratory failure occurs and requires mechanical ventilation; 2)
shock; 3) other organ failure requiring intensive care were classified
as critical illness. A patient was considered “ready for discharge”
when all four criteria were met concurrently, including 1) afebrile
for greater than 3 days; 2) respiratory symptoms significantly
improved; 3) improvement in the radiological abnormalities on
chest radiographorCT; and4) twoconsecutivenegativeCOVID-19
nucleic acid tests at least 24 h apart (16). The duration of illness was
defined as time from onset of disease to hospital discharge. This
study was performed in accordance with the 1964 Helsinki
Declaration and its later amendments or comparable ethical
standards, and the approval was obtained from the Institutional
Review Board of Tongji Hospital, Huazhong University of Science
and Technology. Since this retrospective study contains solely
anonymized data, informed consent was waived by the
Institutional Review Board.

We obtained demographic, clinical, treatment, and outcome
data from electronic medical records. Before proceeding to any
analysis, data were fully anonymized by removing personally
identifiable information. Hematological parameters were
determined for all 69 patients within the first 2 days of hospital
admission using SYSMEX XT-1800i automated hematology
analyzers (Sysmex, Kobe, Japan). Since determination of
cytokines was performed as a routine test for COVID-19 patients
only after the middle of February, only 54 patients were tested for
serum levels of cytokines and cytokine receptors including IL-1b,
soluble IL-2 receptor alpha (sIL-2Ra), IL-6, IL-8, IL-10, andTNF-a
using chemiluminescence immunoassay (CLIA) performed on a
fully automated analyzer (Siemens IMMULITE 1000, DiaSorin
LIAISON, or Roche Diagnostics Cobas e602) according to the
manufacturers ’ instructions. The data were reviewed
independently by two physicians of the Wuhan-Xiamen Medical
Treatment Group for COVID-19.

Statistical Analysis
All statistical calculations were performed using R software
(version 4.0.2). Continuous variables were expressed as the
appropriate means (range) and standard deviations.
Categorical variables were summarized as the counts
(percentages) in each category (17). Optimal cut-off values of
the continuous variables for the prediction of severity, survival,
and duration of illness were determined by applying the receiver
operating curve (ROC) analysis (17). To generate the ROC
curves, patients were categorized into two groups according to
disease severity (severe illness, critical illness), survival (survival,
death), and duration of illness (more than or equal to average,
less than average). The optimal cut-off values were determined
by minimizing the Manhattan distance on the ROC curve to the
left top edge of the diagram where the sum of sensitivity and
specificity was maximized. With optimal outpoints, laboratory
variables were converted from continuous to binary and used for
determining their association with clinical outcomes. To
determined difference between groups, Wilcoxon rank sum test
was applied to continuous variables, and Fisher exact test was
used for categorical variables (17, 18). Correlations between
variables were analyzed by the “rcorr” function in R, and P
January 2021 | Volume 12 | Article 626235
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values and correlation coefficient were calculated. P values for
difference between two groups of curves were calculated by the
Log rank test of the “ggsurvplot” function. P values obtained
from multiple testing were adjusted using the Bonferroni
correction to avoid false positives, and an analysis with P< 0.05
was considered statistically significant.
RESULTS

Demographic, Clinical, and Laboratory
Characteristics
Among the 69 patients (41 females and 28 males) with COVID-19
recruited in this study, 63 and 6 had developed severe illness and
critical illness, respectively. The demographic and clinical
characteristics are summarized in Table 1. The median age of
patients was 58 years, ranging from 30 to 86 years. The most
common initial symptom was fever (51/69, 73.9%), followed by
cough (34/69, 49.3%). The most common comorbidity was
hypertension (13/68, 19.1%), followed by diabetes (3/68, 4.4%).
The mean time interval from the onset of disease to admission was
18.7 days, and the average hospitalization time was 19.8 days. All
patients received antiviral therapy and the majority of patients
(85.1%) were also treated with antibiotics. Regarding the clinical
outcomes, three patients died, one was transferred to another
Frontiers in Immunology | www.frontiersin.org 3
hospital and could not be followed, and remaining 65 patients
were discharged after recovery, with an average time interval from
onset to clinical recovery of 38.4 days. As compared to patients
with severe illness, patients with critical illness showed higher
mortality rate (40 vs. 1.59%, P=0.013), but this difference was not
significant after correction for multiple comparisons.

Laboratory data including hematological parameters as well
as serum levels of cytokines or cytokine receptors of the patients
were summarized in Table 2. Patients with critical illness showed
significantly higher levels of white blood cells (WBC) (12.28 x
109/ml vs. 5.9 x 109/ml, P=0.014, Padjusted=0.042), neutrophils
(9.95 x 109/ml vs. 3.91 x 109/ml, P=0.006, Padjusted=0.030), and
neutrophil-to-lymphocytes ratio (NLR) (11.41 vs. 3.78, P=0.014,
Padjusted=0.042) than patients with severe illness. Furthermore,
serum levels of interleukin 6 (IL-6) (43.32 vs. 5.47 pg/ml,
P=0.001, Padjusted=0.008), IL-10 (23.68 vs. 5.60 pg/ml, P=0.001,
Padjusted=0.008), and soluble IL-2 receptor alpha (sIL-2Ra) (1,017
vs. 452 U/ml, P=0.031, Padjusted=0.078) were increased in patients
with critical illness compared to those with a severe status.

Association of Immunological Parameters
With Clinical Outcomes
We first investigated whether specific laboratory parameters
could be used as diagnostic biomarkers for distinguishing
critical illness from severe illness. Receiver operating
TABLE 1 | Demographic and clinical features of patients with COVID-19.

Total (n = 69) Severe illness (n = 63) Critical illness (n = 6) P value Adjusted P value

Age 58 (30–86) 59 (30–81) 69 (44–86) Ns Ns
Gender Ns Ns
Male 28 (40.58%) 24 (38.10%) 4 (66.67%)
Female 41 (59.42%) 39 (61.90%) 2 (33.33%)
Initial symptom
Fever 30 (43.48%) 29 (46.03%) 1 (16.67%) Ns Ns
Cough 12 (17.39%) 10 (15.87%) 2 (33.33%) Ns Ns
Fever and cough 17 (24.64%) 15 (23.81%) 2 (33.33%) Ns Ns
Dyspnea 1 (1.45%) 0 (0%) 1 (16.67%) Ns Ns
Cough and dyspnea 1 (1.45%) 1 (1.59%) 0 (0%) Ns Ns
Fever, cough, and dyspnea 4 (5.80%) 4 (6.35%) 0 (0%) Ns Ns
Chest tightness 2 (2.90%) 2 (3.17%) 0 (0%) Ns Ns
Breathlessness 1 (1.45%) 1 (1.59%) 0 (0%) Ns Ns
No-symptom 1 (1.45%) 1 (1.59%) 0 (0%) Ns Ns
Comorbidity*
Hypertension 13 (19.12%) 10 (16.13%) 3 (50%) Ns Ns
Diabetes 3 (4.41%) 2 (3.23%) 1 (16.67%) Ns Ns
Coronary heart disease 1 (1.47%) 0 (0%) 1 (16.67%) Ns Ns
Stroke 1 (1.47%) 1 (1.61%) 0 (0%) Ns Ns
Gout 1 (1.47%) 1 (1.61%) 0 (0%) Ns Ns
Treatment**
Antiviral therapy 67 (100%) 61 (100%) 6 (100%) Ns Ns
Antibiotic 57 (85.10%) 53 (86.89%) 4 (66.7%) Ns Ns
Clinical parameters***
Discharged 65 (95.6%) 62 (98.41%) 3 (60%) 0.013 Ns
Died 3 (4.41%) 1 (1.59%) 2 (40%) 0.013 Ns
Days from onset to discharge 38.42 (8–82) 38.90 (10–82) 33.33 (8–61) Ns Ns
Days from onset to admission 18.65 (0–54) 18.78 (0–54) 17.33 (0–49) Ns Ns
Day from onset to cytokine test 26.52 (0–54) 26.83 (0–54) 22.50 (0–49) Ns Ns
January
 2021 | Volume 1
Age and days are represented as mean (range), P values were calculated by Wilcoxon rank sum tests. Categorical variables are represented as number (%), P value were calculated by
Fisher exact test. P values were adjusted for multiple comparison using Bonferroni correction method. Ns, not significant. *Information of comorbidity of one patient was missing.
**treatment information was available for 67 patients. ***Clinical outcome of one patient with critical illness is not clear since the patient was transferred to another hospital.
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characteristic (ROC) curve analysis was performed to calculate
the area under curve (AUC) of each ROC curve. As shown in
Figure 1 and Supplementary Table 1, the most efficient
diagnostic mark to distinguish the two groups was the IL-6
concentration in sera [threshold=24.92 pg/ml, AUC=0.990
(0.967–1.000)], followed by IL-10 levels (threshold=6.85 pg/ml,
AUC=0.837 (0.568–1.000)), neutrophil counts [threshold=5.79 x
109/ml, AUC=0.831 (0.575–1.000)], sIL-2Ra concentrations
[threshold=957 U/ml, AUC=0.83 (0.557–1.000)], WBC counts
[threshold=13.75 x 109/ml, AUC=0.807 (0.496–1.000)], and the
NLR [threshold=4.94, AUC=0.806 (0.551–1.000)].

Next, we evaluated the association of laboratory data with
survival in COVID-19. Laboratory data were converted from
continuous to binary according to optimal cut-off values
determined by applying ROC analysis (Supplementary Figure
1). As shown in Figure 2A, the survival rate was significantly
associated with serum levels of IL-6, where patients with low
levels (<13.015 pg/ml) showed an increased survival rate as
Frontiers in Immunology | www.frontiersin.org 4
compared to those with high values (≥13.015) (100 vs. 77.78%,
P=0.036). A comparable association was seen between survival
rate and NLR (100 vs. 82.35%, P=0.019) (Figure 2C). The
association was confirmed by the survival analysis using
Kaplan-Meier estimate, where IL-6 (P=0.00066) and NLR
(P=0.0025) were shown as efficient prognostic biomarkers
(Figures 2B, D).

Then we analyzed the potential association between duration
of illness of patients and different immunological parameters,
including immune cells and cytokines. The most significant
association was observed here between duration of illness and
serum levels of IL-8. Patients with high levels of IL-8 (≥10.65 pg/
ml) experienced a significantly longer duration of illness than
those with low levels (<10.65 pg/ml) (48.5 ± 14.96 vs. 36.82 ±
13.29 days, P=0.004) (Supplementary Figure 2A, Figure 3A). In
addition, a similar positive association was seen between
duration of illness and serum levels of sIL-2Ra where high
levels of sIL-2Ra (≥401.5 U/ml) were associated with longer
FIGURE 1 | Diagnostic accuracy of immunological parameters distinguishing between COVID-19 patients with severe and critical illness. Area under curve (AUC)
was calculated by using the “auc” function in R. The optimal cut-off values (threshold) of the diagnostic markers were calculated by applying the receiver operating
curve (ROC) analysis. WBC, white blood cells; NLR, neutrophil-to-lymphocyte ratio; NE, neutrophils.
TABLE 2 | Laboratory characteristics of patients with COVID-19.

Total Severe illness Critical illness P value Adjusted P value

WBC (x109/ml) 6.47 (2.28–20.43) 5.91 (2.28–13.71) 12.28 (3.25–20.43) 0.014 0.042
Neutrophils (x109/ml) 4.43 (1.27–18.73) 3.91 (1.27–12.62) 9.95 (2.42–18.73) 0.006 0.030
Lymphocytes (x109/ml) 1.41 (0.35–5.47) 1.39 (0.40–3.80) 1.59 (0.35–5.47) Ns Ns
NLR 4.44 (0.8–26.29) 3.78 (0.80–26.29) 11.41 (1.45–21.20) 0.014 0.042
RBC (x1012/ml) 4.07 (2.65–6.61) 4.09 (2.65–6.61) 3.95 (2.69–5.01) Ns Ns
PLT (x109/ml) 245.81 (52–659) 250.95 (52–659) 191.83 (103–361) Ns Ns
sIL-2Ra* (U/ml) 494.37 (51–1,468) 452.56 (51–1,468) 1,017 (370–1,440) 0.031 Ns
IL-6* (pg/ml) 8.21 (1.5–52.2) 5.47 (1.5–38.97) 43.32 (26.26–52.2) 0.001 0.008
IL-8* (pg/ml) 14.91 (5–189) 13.68 (5–189) 30.28 (7.6–85.2) Ns Ns
IL-10* (pg/ml) 6.94 (5–69.1) 5.60 (5–24.3) 23.68 (5–69.1) 0.001 0.008
TNF-a* (pg/ml) 8.14 (4–25.4) 7.65 (4–17.5) 14.18 (6.9–25.4) Ns Ns
Janu
ary 2021 | Volume 1
All laboratory data were represented by mean (range), P values were calculated by Wilcoxon rank sum tests and adjusted for multiple comparison using Bonferroni correction method. Ns,
not significant; WBC, white blood cells; RBC, red blood cells; NLR, neutrophil-to-lymphocyte ratio; PLT, platelets. *Only there laboratory characteristics were tested only in 54 patients.
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duration of illness (45.65 ± 15.74 vs. 36.96 ± 13.00 days, P=0.025)
(Supplementary Figure 2B, Figure 3C). Furthermore, analysis
of the curve of recovery also confirmed the association of
duration of illness with IL-8 and sIL-2Ra (Figures 3B, D).

Finally we analyzed potential correlations among paired
continuous laboratory or clinical variables. As shown in Figure
4 and Supplementary Table 2, significant correlations were
identified several paired parameters. As expected, NLR was
posi t ive ly corre lated with levels of WBC (r=0.62,
Padjusted<0.001) and neutrophils (r=0.77, Padjusted<0.001) and
negatively associated with levels of lymphocytes (r=-0.49,
Padjusted<0.001). Significant correlations were also observed
between circulating immune cells and inflammatory cytokines.
For example, both circulating WBC and neutrophils were
positively correlated with levels of TNF-a, IL-6, and IL-10.
With regards to sIL-2Ra and IL-8 which was revealed to be
associated with duration of illness of COVID-19 in this study,
levels of sIL-2Ra were positively correlated with age (r=0.52,
Padjusted<0.001), TNF-a (r=0.68, Padjusted<0.001), IL-6 (r=0.47,
Padjusted<0.01), IL-10 (r=0.36, Padjusted<0.05), WBC (r=0.44,
Padjusted<0.01), neutrophils (r=0.45, Padjusted<0.01), and
NLR (r=0.41, Padjusted<0.01), while no significant correlation
was revealed between IL-8 and any parameters. In addition,
levels of the sIL-2Ra represent the only parameter which is
Frontiers in Immunology | www.frontiersin.org 5
marginally correlated with the duration of illness (r=0.27, p<0.05
but Padjusted>0.05).
DISCUSSION

In the current study, we evaluated the relationship between
immune response-associated laboratory variables and clinical
features in patients with severe COVID-19. Our analysis
demonstrated that several immunological parameters are
associated with severity, survival, and the duration of illness in
patients with severe COVID-19.

Laboratory data have been intensively analyzed in the past for
searching diagnostic and prognostic biomarkers to predict the
severity and survival of COVID-19. Among hematological
parameters, NLR has been convincingly shown as efficient
biomarker to predict the severity and survival of the disease
(14, 15, 18, 19), which is based on the phenomenon that patients
with COVID-19 develop neutrophilia in combination with
lymphopenia (1, 20). Among circulating cytokines, IL-6 has
been demonstrated in several studies to be associated with
severity and survival in patients with COVID-19 (12, 13, 21).
Our study confirms these findings and shows that both NLR and
levels of IL-6 were associated with severity and survival of
A B

C D

FIGURE 2 | Association of survival with IL-6 (A, B) and NLR (C, D) in patients with severe COVID-19. Patients with COVID-19 were categorized into two group
according to the threshold indicated in the figure. Survival rates in patients with COVID-19 stratified by levels of IL-6 (A) and NLR (C). P values for difference between
survival rates were calculated using Fisher exact test. Kaplan–Meier survival curves in patients with COVID-19 stratified by IL-6 (B) and NLR (D) with confidence
interval were generated by R. P values for difference between two groups of curves were calculated by the log rank test of the “ggsurvplot”.
January 2021 | Volume 12 | Article 626235
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COVID-19. Intriguingly, although both NLR and IL-6 are
efficient biomarkers for the prediction of the disease severity
and survival of COVID-19 in this study, none of them is
significantly associated with the duration of illness.

The most relevant result of this study is the discovery of the
association between the duration of illness and serum levels of
IL-8 and sIL-2Ra. Patients with high levels of sIL-2Ra required
longer time periods to recover than those with low levels.
Moreover, patients with critical illness showed higher levels of
sIL-2Ra than those with severe illness, suggesting an association
of sIL-2Ra with disease severity. In addition, as elderly are more
prone to severe COVID-19 (22), a positive correlation between
sIL-2Ra and age is indicative of association of sIL-2Ra with the
severity of disease. These observations are in line with findings
from two previous studies which reported that patients with
severe COVID-19 show higher levels of sIL-2Ra than moderate
or mild cases (20, 23). As a truncated protein cleaved from IL-
2Ra expressed on activated T cells, sIL-2Ra is capable to bind IL-
2 and seen as a marker of T cell activation. As IL-2/IL-2R
pathway plays a key role in proliferation, differentiation, and
function of T cells (24), circulating sIL-2Ra is actively involved
in the regulation of T cell immune responses and thus suggested
Frontiers in Immunology | www.frontiersin.org 6
to play a role in disease manifestations (25). Regarding COVID-
19, it has been suggested that circulating sIL-2Ra contributes to
the lymphopenia through inhibiting IL-2 signaling (26). Taken
together, our findings substantiate the current view on a relevant
biological role of IL-signaling in the evolution of COVID-19.

The role of IL-8 as a biomarker in COVID-19 is under current
debate. Although serum levels of IL-8 are reportedly elevated in
patients with COVID-19 as compared to healthy subjects (27,
28), conflicting data have been shown concerning the association
of IL-8 concentrations with the disease severity of patients (27–
30). In the current study, we did not observe an association of IL-
8 concentrations with the severity of COVID-19. To our
knowledge, the current study demonstrates for the first time an
association between serum levels of IL-8 and the duration of
illness in patients with severe COVID-19. Similar to sIL-2a
shown above, levels of IL-8 are positively associated with the
duration of illness. IL-8 is a proinflammatory cytokine produced
by blood cells and many types of tissues, and elevated serum
levels of IL-8 have been observed in many diseases (31). Known
as neutrophil chemotactic factor, IL-8 plays a major role in the
recruitment of neutrophils into the site of infection. As
neutrophilia, neutrophilic infiltration, and NLR are considered
A B

C D

FIGURE 3 | Association of duration of illness and IL-8 (A, B) and sIL-2Ra (C, D). Patients with COVID-19 were categorized two group according to the threshold
indicated in the figure. Duration of illness in patients with COVID-19 stratified by levels of IL-8 (A) and sIL-2Ra (C). P values for difference in duration of illness were
calculated using Wilcoxon rank sum test. Recovery curves in patients with COVID-19 stratified by IL-8 (B) and sIL-2Ra (D). Recovery curves with confidence
intervals were generated by R. P values for difference between two groups of curves were calculated by the Log rank test of the “ggsurvplot” function.
January 2021 | Volume 12 | Article 626235
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hallmarked of COVID-19 (32, 33), the association of IL-8 with
duration of illness may be suggestive of a role of IL-8 signaling in
the evolution of COVID-19. A recent study provides evidence
that early polymorphonuclear-myeloid-derived suppressor cells
(PMN-MDSC) expansion inhibits SARS-CoV-2 specific T-cell
responses, and that the frequency of PMN-MDSC at the time of
admission is associated with fatal outcome in patients with
COVID-19, with a higher frequency of PMN-MDSC in the
non-survivor compared with the survivor group (34). In
addition, the frequency of PMN-MDSC is positively correlated
with plasma levels of IL-8 at the admission time (34). Therefore,
one possible mechanism underlying the role of IL-8 in the
evolution of COVID-19 could be that it recruits PMN-MDSC
which further inhibits the SARS-CoV-2 specific T-cell responses.

The association of the duration of illness of COVID-19 with
circulating sIL-2Ra and IL-8 also provides supportive evidence for
therapeutics targeting IL-2 and IL-8 singling pathways. Currently,
two clinical trials are investigating the potential of anti-IL-8
monoclonal antibodies, BMS-986253 (35) and reparixin (36), in
patients with COVID-19. In addition, the efficacy of low/dose IL-2
administration in improving clinical course and oxygenation
parameters in patients with SARS-CoV-2 related acute
respiratory diseases is under investigation (37). Our study
confirmed the relevance of NLR and IL-6 as prominent
biomarkers associated with the disease severity in COVID-19.
This indicate that our new findings concerning the impact of
serum sIL-2Ra and IL-8 may not be limited by the relatively
small size of our cohort, in which the group of patients suffering
from critical illness group consisted of only 6 patients, and only 3
out of 69 patients died. However, due to the limited hospital bed
capacity during theperiod fromJan. toFeb. 2020, time fromonset to
the admission varies substantially among patients. This variation
Frontiers in Immunology | www.frontiersin.org 7
has affected the duration of illness and the time of the laboratory
tests, and thus may interfere with accuracy of the analysis. In
addition, due to the small size of the cohort, we did not split the
data into training and validation set for the examination of
association between immunological parameters and clinical
outcomes. Therefore, further studies with a larger sample size
need to be carried out in order to validate the finding.

Irrespective to these limitations, our study shows that
circulating IL-8 and sIL-2Ra are associated with the duration
of illness in patients with severe COVID-19. Since IL-8 and sIL-
2Ra are essentially involved in the regulations of neutrophils and
T cells, respectively, our results shed some new light on the
relevance of these cells in evolution of COVID-19 and on
mechanisms how these cells are regulated in the disease.
DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.
ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Institutional Review Board of Tongji Hospital,
Huazhong University of Science and Technology. Written
informed consent for participation was not required for this
study in accordance with the national legislation and the
institutional requirements.
AUTHOR CONTRIBUTIONS

XHY, ZXW and APM conceived and supervised the study, XKY,
JC, JY, LJZ, CHW, APM collected data, LZ analyzed the data,
XHY, FP, LZ and APM wrote the manuscript. All authors
contributed to the article and approved the submitted version.
FUNDING

This work was supported by the National Natural Science
Foundation of China (81600048), Xiamen Science and
Technology Bureau (project number: 3502Z20194004), the
Deutsche Forschungsgemeinschaft (DFG-27260646 and
GRK1727 “Modulation of Autoimmunity”), and the German
Center for Lung Research (DZL).
SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fimmu.2021.
626235/full#supplementary-material
FIGURE 4 | Correlations between quantitative traits in COVID-19 patients.
Correlations between variables were analyzed by the “rcorr” function in R, and
P values and correlation coefficient were calculated. The color of squares in the
figure stands for correlation coefficient. P values were calculated and adjusted
for multiple comparison. +P < 0.05 but Padjusted > 0.05, *Padjusted < 0.05,
**Padjusted < 0.01, ***Padjusted < 0.001. The picture was plotted by R package
“corrplot.” NLR, neutrophil-to-lymphocyte ratio; WBC, white blood cell; NE,
neutrophil count; LY, lymphocytes; RBC, red blood cells; PLT, platelets; DI,
duration of illness.
January 2021 | Volume 12 | Article 626235

https://www.frontiersin.org/articles/10.3389/fimmu.2021.626235/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2021.626235/full#supplementary-material
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Ma et al. Association of COVID-19 With Cytokines
REFERENCES

1. Huang C,Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical features of patients
infected with 2019 novel coronavirus in Wuhan, China. Lancet (2020)
395:497–506. doi: 10.1016/S0140-6736(20)30183-5

2. Zhu N, Zhang D, Wang W, Li X, Yang B, Song J, et al. A Novel Coronavirus
from Patients with Pneumonia in China, 2019. N Engl J Med (2020) 382:727–
33. doi: 10.1056/NEJMoa2001017

3. World Health Organization. WHO characterizes COVID-19 as a pandemic.
Ref Type: Internet Communication. (2020).

4. World Health Organization. COVID-19 Coronavirus Pandemic. Ref Type:
Internet Communication. (2020).

5. World Health Organization. Operational considerations for case management
of COVID-19 in health facility and community: Interim guidance. (2020).

6. Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, et al. Clinical
Characteristics of Coronavirus Disease 2019 in China. N Engl J Med (2020)
382:1708–20. doi: 10.1056/NEJMoa2002032

7. Wu Z, McGoogan JM. Characteristics of and Important Lessons From the
Coronavirus Disease 2019 (COVID-19) Outbreak in China: Summary of a
Report of 72314 Cases From the Chinese Center for Disease Control and
Prevention. JAMA (2020) 323:1239–42. doi: 10.1001/jama.2020.2648

8. Wilson N, Kvalsvig A, Barnard LT, Baker MG. Case-Fatality Risk Estimates
for COVID-19 Calculated by Using a Lag Time for Fatality. Emerg Infect Dis
(2020) 26:1339–441. doi: 10.3201/eid2606.200320

9. Zhou P, Yang XL, Wang XG, Hu B, Zhang L, Zhang W, et al. A pneumonia
outbreak associated with a new coronavirus of probable bat origin. Nature
(2020) 579:270–3. doi: 10.1038/s41586-020-2012-7

10. AzkurAK,AkdisM,AzkurD, SokolowskaM, van deVeenW, BrüggenMC, et al.
Immune response to SARS-CoV-2 and mechanisms of immunopathological
changes in COVID-19. Allergy (2020) 75:1564–81. doi: 10.1111/all.14364

11. Mangalmurti N, Hunter CA. Cytokine Storms: Understanding COVID-19.
Immunity (2020) 53:19–25. doi: 10.1016/j.immuni.2020.06.017

12. Grifoni E, Valoriani A, Cei F, Lamanna R, Grazia Gelli AM, Ciambotti B, et al.
Interleukin-6 as prognosticator in patients with COVID-19. J Infect (2020)
81:452–82. doi: 10.1016/j.jinf.2020.06.008

13. Herold T, Jurinovic V, Arnreich C, Lipworth BJ, Hellmuth JC, von Bergwelt-
Baildon M, et al. Elevated levels of IL-6 and CRP predict the need for
mechanical ventilation in COVID-19. J Allergy Clin Immunol (2020)
146:128–36. doi: 10.1016/j.jaci.2020.05.008

14. Liu Y, Du X, Chen J, Jin Y, Peng L, Wang HHX, et al. Neutrophil-to-
lymphocyte ratio as an independent risk factor for mortality in hospitalized
patients with COVID-19. J Infect (2020) 81:e6–12. doi: 10.1016/
j.jinf.2020.04.002

15. Tatum D, Taghavi S, Houghton A, Stover J, Toraih E, Duchesne J. Neutrophil-
to-Lymphocyte Ratio and Outcomes in Louisiana Covid-19 Patients. Shock
(2020) 54:652–8. doi: 10.1097/SHK.0000000000001585

16. National Health Commission of the People’s Republic of China. Diagnosis and
treatment protocols of pneumonia caused by a novel coronavirus (trial version 6).
(2020).

17. Yang AP, Liu JP, Tao WQ, Li HM. The diagnostic and predictive role of NLR,
d-NLR and PLR in COVID-19 patients. Int Immunopharmacol (2020)
84:106504. doi: 10.1016/j.intimp.2020.106504

18. Liu J, Liu Y, Xiang P, Pu L, Xiong H, Li C, et al. Neutrophil-to-lymphocyte
ratio predicts critical illness patients with 2019 coronavirus disease in the early
stage. J Transl Med (2020) 18:206. doi: 10.1186/s12967-020-02374-0

19. Ye W, Chen G, Li X, Lan X, Ji C, Hou M, et al. Dynamic changes of D-dimer
and neutrophil-lymphocyte count ratio as prognostic biomarkers in COVID-
19. Respir Res (2020) 21:169. doi: 10.1186/s12931-020-01428-7

20. Chen G, Wu D, Guo W, Cao Y, Huang D, Wang H, et al. Clinical and
immunological features of severe and moderate coronavirus disease 2019.
J Clin Invest (2020) 130:2620–9. doi: 10.1172/JCI137244

21. Han H, Ma Q, Li C, Liu R, Zhao L, WangW, et al. Profiling serum cytokines in
COVID-19 patients reveals IL-6 and IL-10 are disease severity predictors.
Frontiers in Immunology | www.frontiersin.org 8
Emerg Microbes Infect (2020) 9:1123–30. doi: 10.1080/22221751.
2020.1770129

22. Perrotta F, Corbi G, Mazzeo G, Boccia M, Aronne L, D’Agnano V, et al.
COVID-19 and the elderly: insights into pathogenesis and clinical decision-
making. Aging Clin Exp Res (2020) 32:1599–608. doi: 10.1007/s40520-020-
01631-y

23. Hou H, Zhang B, Huang H, Luo Y, Wu S, Tang G, et al. Using IL-2R/
lymphocytes for predicting the clinical progression of patients with COVID-
19. Clin Exp Immunol (2020) 201:76–84. doi: 10.1111/cei.13450

24. Ross SH, Cantrell DA. Signaling and Function of Interleukin-2 in T
Lymphocytes. Annu Rev Immunol (2018) 36:411–33. doi: 10.1146/annurev-
immunol-042617-053352

25. Damoiseaux J. The IL-2 - IL-2 receptor pathway in health and disease: The
role of the soluble IL-2 receptor. Clin Immunol (2020) 218:108515.
doi: 10.1016/j.clim.2020.108515

26. Zhang Y, Wang X, Li X, Xi D, Mao R, Wu X, et al. Potential contribution of
increased soluble IL-2R to lymphopenia in COVID-19 patients. Cell Mol
Immunol (2020) 17:878–80. doi: 10.1038/s41423-020-0484-x

27. Chi Y, Ge Y, Wu B, Zhang W, Wu T, Wen T, et al. Serum Cytokine and
Chemokine Profile in Relation to the Severity of Coronavirus Disease 2019 in
China. J Infect Dis (2020) 222:746–54. doi: 10.1093/infdis/jiaa363

28. McElvaney OJ, McEvoy N, McElvaney OF, Carroll TP, Murphy MP, Dunlea
DM, et al. Characterization of the Inflammatory Response to Severe COVID-
19 Illness. Am J Respir Crit Care Med (2020) 202:812–21. doi: 10.1164/
rccm.202005-1583OC

29. Wilson JG, Simpson LJ, Ferreira AM, Rustagi A, Roque J, Asuni A, et al.
Cytokine profile in plasma of severe COVID-19 does not differ from ARDS
and sepsis. JCI Insight (2020) 5:e140289. doi: 10.1101/2020.05.15.20103549

30. Li S, Jiang L, Li X, Lin F, Wang Y, Li B, et al. Clinical and pathological
investigation of patients with severe COVID-19. JCI Insight (2020) 5:e138070.
doi: 10.1172/jci.insight.138070

31. Shahzad A, Knapp M, Lang I, Köhler G. Interleukin 8 (IL-8) - a universal
biomarker? Int Arch Med (2010) 3:11. doi: 10.1186/1755-7682-3-11

32. Barnes BJ, Adrover JM, Baxter-Stoltzfus A, Borczuk A, Cools-Lartigue J,
Crawford JM, et al. Targeting potential drivers of COVID-19: Neutrophil
extracellular traps. J Exp Med (2020) 217:e20200652. doi: 10.1084/
jem.20200652

33. Tomar B, Anders HJ, Desai J, Mulay SR. Neutrophils and Neutrophil
Extracellular Traps Drive Necroinflammation in COVID-19. Cells (2020)
9:1383. doi: 10.3390/cells9061383

34. Sacchi A, Grassi G, Bordoni V, Lorenzini P, Cimini E, Casetti R, et al. Early
expansion of myeloid-derived suppressor cells inhibits SARS-CoV-2 specific
T-cell response and may predict fatal COVID-19 outcome. Cell Death Dis
(2020) 11:921. doi: 10.1038/s41419-020-03125-1

35. Dallos M. Anti-Interleukin-8 (Anti-IL-8) for Patients With COVID-19.
(2020).
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