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Background

The association of pro-inflammatory markers such as interleukin-6 (IL-6) and other biomarkers with severe coronavirus disease 2019 (COVID-19) is of increasing interest, however their kinetics, response to current COVID-related treatments, association with disease severity and comparison with other disease states associated with potential cytokine storm (CS) such as Staphylococcus aureus bacteraemia (SAB) are ill-defined.



Methods

A cohort of 55 hospitalized SARS-CoV-2 positive patients was prospectively recruited – blood sampling was performed at baseline, post-treatment and hospital discharge. Serum IL-6, C-reactive protein (CRP) and other laboratory investigations were compared between treatment groups and across timepoints. Acute serum IL-6 and CRP levels were then compared to those with suspected COVID-19 (SCOVID) and age and sex matched patients with SAB and patients hospitalized for any non-infectious condition (NIC).



Results

IL-6 was elevated at admission in the SARS-CoV-2 cohort but at lower levels compared to matched SAB patients. Median (IQR) IL-6 at admission was 73.89 pg/mL (30.9, 126.39) in SARS-CoV-2 compared to 92.76 pg/mL (21.75, 246.55) in SAB (p=0.017); 12.50 pg/mL (3.06, 35.77) in patients with NIC; and 95.51 pg/mL (52.17, 756.67) in SCOVID. Median IL-6 and CRP levels decreased between admission and discharge timepoints. This reduction was amplified in patients treated with remdesivir and/or dexamethasone. CRP and bedside vital signs were the strongest predictors of COVID-19 severity.



Conclusions

Knowledge of the kinetics of IL-6 did not offer enhanced predictive value for disease severity in COVID-19 over common investigations such as CRP and vital signs.
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Introduction

There has been increasing interest surrounding the function of interleukin-6 (IL-6) and other laboratory markers in severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection, including the role in predicting disease severity, monitoring response to therapy, and similarities with other cytokine storm (CS) disease states (1–4). Heterogeneity in SARS-CoV-2 study design and definitions of disease severity have limited advances in understanding the clinical implications for IL-6 and other inflammatory and clinical makers in coronavirus disease 2019 (COVID-19) (4). Further, IL-6 kinetics in SARS-CoV-2 and comparisons with other infective syndromes with CS, such as bacterial sepsis, have not been extensively undertaken.



Methods


Participants and Setting

Adults aged ≥ 18 years hospitalized with suspected or confirmed SARS-CoV-2, no known hypersensitivity to tocilizumab and no active pulmonary tuberculosis, were enrolled sequentially in this single-center prospective cohort study between May 15th 2020 and August 21st 2020 at Austin Health, Melbourne, Australia.



Definitions

Severe disease was defined as requirement for supplemental oxygen for ≥ 24 hours and a Sp02 ≤ 94% on room air and/or admission to intensive care unit (ICU), adapted from the National Institutes of Health (NIH) criteria for disease severity (5). Treatment for COVID-19 was as per hospital approved treatment protocol. Patients that required oxygen received dexamethasone, remdesivir was utilized in those that had oxygenation < 94% and were early in disease and tocilizumab was only considered on a case by case basis in intubated patients with evidence of cytokine storm (4) and no occult sepsis (negative procalcitonin). A 5-day course of remdesivir and/or dexamethasone for up to 10 days was administered to patients with severe disease starting on the 23rd of June 2020.



Objectives

The primary objective of the study was to describe the kinetics of IL-6 and other biomarkers during SARS-CoV-2 infection. Secondary objectives were to describe the association of these markers with (1) disease severity (defined as ICU admission, oxygen therapy or a composite of both), (2) treatment with dexamethasone and/or remdesivir, and (3) other disease states associated with CS such as Staphylococcus aureus bacteraemia (SAB).



Data Collection and Cohorts

Standard baseline demographic and clinical characteristics, laboratory parameters (including C-reactive protein (CRP), lymphocyte count, ferritin, lactate dehydrogenase (LDH) and D-dimer) and COVID-related treatment data (requirement for oxygen therapy and/or intubation, drug therapy with dexamethasone and/or remdesivir) were gathered. Serum samples were collected at four timepoints: (1) hospital admission, (2) 24 to 48 hours post dexamethasone and/or remdesivir, (3) 7 to 14 days post-treatment, and (4) discharge (Figure 1).




Figure 1 | Study design outlining patient cohorts and time points for sample collection. SAB and NIC cohorts are age and sex matched with the SARS-CoV-2 cohort. PCR, polymerase chain reaction; NIC, non-infectious condition; SAB, Staphylococcus aureus bacteraemia; SARS-CoV-2, severe acute respiratory syndrome coronavirus.



We compared the SARS-CoV-2 group with three distinct inpatient cohorts with potentially varied cytokine storm disease states: (1) patients with SAB; (2) patients hospitalized for any non-infectious conditions (NIC); and (3) patients with suspected COVID-19 (SCOVID) concurrently recruited with the SARS-CoV-2 patients from Austin Hospital. The patients with SCOVID had a minimum of 2 negative COVID-19 tests upon hospital admission as well as repeated testing depending on their clinical evolution. The SARS-CoV-2 patients were age and sex matched with previously described SAB (6) and NIC (7) cohorts (Figure 1). No other demographic information was available for the patients recruited in theses cohorts. The serum samples for the SAB and NIC cohorts were stored since their initial recruitment in accordance with well-known laboratory storing procedures at -80°C ensuring adequate back-up capacity for the freezers under the supervision of trained personnel and with ongoing alarm systems designed to monitor the temperature. Serum IL-6 from each patient cohort was quantified using an enzyme-linked immunosorbent assay (ELISA) assay (Crux Biolabs®, Australia) following manufacturers’ instructions (8) and read at a wavelength of 450 nm with a FLUOstar Optima plate reader (BMG labtech®).



Statistical Analysis

Categorical variables are reported as counts and percentages; continuous variables as medians (interquartile range, IQR). IL-6 levels across time in the treatment groups were compared using mixed effects linear regression, while linear regression was used to compare between treatment groups. The outcome was log-transformed and the results reported as exponentiated regression coefficients (95% CI). Characteristics of matched cohorts (COVID, SAB and NIC) were compared using sign-rank test and McNemar test. IL-6 levels between cohorts (SAB vs COVID and NIC vs COVID) were compared using paired t-test. Univariable logistic regression was used for evaluation of demographic, clinical and laboratory variables with supplemental oxygen requirement. Results were expressed as odds ratios (95% CI). Competing risk time to event analysis was performed to measure the association of IL-6 and CRP with oxygen supplementation. The measured treatment outcomes were admission to ICU, oxygen therapy or a composite of both. Discharge was taken as competing risk and IL-6/CRP were separately entered as admission values and as time-varying covariates. Results were reported as sub-hazard ratios (SHRs) with 95% CI. Stata/IC 16.1 was used for all analysis. The study was approved by the local human research ethics committee (Ref HREC/63201/Austin-20). All patients, their legal representatives or their next of kin provided informed consent for this study.




Results


Cohort Characteristics

The baseline demographics and clinical characteristics for SARS-CoV-2 positive cohort (n=55) are described in Table 1. The laboratory values and treatment information are listed in Table 2. Twenty-five (45%) of the patients required continuous supplemental oxygen for ≥ 24 hours after SpO2 fell below 94% on room air and 15 (27%) were admitted to ICU. Two patients died while in hospital. There were 28 patients who received dexamethasone (50.9%); 15 who received remdesivir (27.3%) and 15 (27.3%) who received both.


Table 1 | Patient characteristics of SARS-CoV-2 positive cohort.




Table 2 | Clinical, laboratory characteristics and treatment information for SARS-CoV-2 positive patients.





IL-6 and Biomarker Kinetics in SARS-CoV-2-Infected Patients

The kinetics of exploratory biomarkers over time, stratified by treatment group (dexamethasone, dexamethasone and remdesivir, no treatment) can be visualized in Figure 2. IL-6 and CRP values decreased with time from admission across all groups. Ferritin, LDH and D-dimer were marginally decreased from admission to discharge but increased post-treatment for the small numbers of patients in this group and lymphocytes were slightly increased from admission to discharge (Figure 2). At admission, there was no difference in serum IL-6 levels between those who received treatment and those who did not (Table 3). Post-treatment levels of serum IL-6 halved in the remdesivir and dexamethasone treatment group (p=0.023) (Table 3). At discharge, IL-6 was 48% lower than at admission for those who received remdesivir and dexamethasone (p=0.059) and 83% lower in the dexamethasone only group (p=0.003) (Table 3).




Figure 2 | Laboratory data for SARS-CoV-2 positive patients (n=55) according to their treatment regimen and at different admission timepoints (median, IQR): (A) Interleukin-6; (B) C-Reactive protein; (C) Lymphocytes; (D) Lactate dehydrogenase (LDH); (E) Ferritin level and (F) D-dimer.




Table 3 | Impact of COVID-19 treatment on IL-6 values.





IL-6 in SARS-CoV-2 Infected Patients Compared With Other Disease States

Serum IL-6 at hospital admission in SARS-CoV-2 positive patients was compared with the SCOVID, SAB and NIC groups (Figure 3). IL-6 values are demonstrated in Supplementary Tables 1 and 2. A mean difference of 72.7 pg/ml (95% CI; 40.0, 105.3) was found between the NIC and SARS-CoV-2 groups (p<0.001). Mean IL-6 was elevated in the SAB group by 57.8 pg/ml (95% CI; 0.3, 115.2) over the SARS-CoV-2 group (p=0.049). The univariable associations with ICU admission for SAB and SARS-CoV-2 positive cohorts are illustrated in Table 4. Although CRP was associated with ICU admission in both cohorts, IL-6 was associated with ICU admission only in the SAB cohort.




Figure 3 | Log-transformed IL-6 values (pg/ml) for SARS-CoV-2 positive patients at baseline, SCOVID, SAB and a cohort of hospitalized patients for any NIC. The SARS-CoV-2 positive patients were age and gender matched with patients from SAB and NIC cohorts. CRP, C-Reactive protein; COVID, coronavirus disease; IL-6, Interleukin-6; LDH, Lactic acid dehydrogenase; NIC, non-infectious condition; SAB, Staphylococcus aureus bacteraemia; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; SCOVID, suspected COVID-19.




Table 4A | Admission characteristics and univariable model for association of ICU admission in SARS-CoV-2, Staphylococcus aureus bacteremia (SAB), SARS-CoV-2 positive and suspected COVID-19 (SCOVID) cohorts.




Table 4B | Association with ICU admission (logistic regression separately for SARS-CoV-2 positive patients and SAB).





Association Between IL-6 and Other Biomarkers With Clinical Outcomes in SARS-CoV-2 Infected Patients

No association between elevated baseline IL-6 and either requirement for oxygen therapy, ICU admission or composite outcomes was found on univariable analysis (Supplementary Tables 3 and 4). An increased CRP of 10 mg/L increased odds of oxygen therapy requirement by 13% (p=0.006), ICU admission by 1% (p=0.014) and the composite outcome by 1% (p=0.003). Using time to event analysis, IL-6 did not appear to be associated with requirement for oxygen therapy, ICU admission or a composite endpoint of both outcomes (Table 5). In contrast, increased CRP was still associated with oxygen therapy and the composite endpoint, even when adjusted for predictors of the outcome identified on logistic regression. After adjustment for respiratory rate and SpO2, an increase of 10 mg/mL in CRP was associated with a 5% increased risk of requirement for oxygen therapy (p=0.013) and a 5% increased risk of the composite outcome (p=0.025).


Table 5 | Association of increased CRP and IL-6 values with outcome of severe disease (ICU admission, oxygen therapy or composite of both).






Discussion

This study presents unique prospectively data with multiple time-point sampling, assessing IL-6 and other inflammatory and clinical biomarkers in response to an antiviral (i.e. remdesivir) and an immunosuppressant (i.e. dexamethasone) treatment – informing strategies to predicting clinical severity and response to therapy. IL-6 is secreted by a plethora of immune and stromal cells and exerts effects on a similarly broad array of cellular targets translating into functional pleiotropy including the synthesis of acute phase proteins in the liver, such as C-reactive protein (CRP), a surrogate for IL-6 (10, 11). CRP is frequently used in the clinical setting as a screening marker of infection and/or inflammation (12).

Although there are reports in the literature that an increase in IL-6 can correlate with disease severity in COVID-19 (4, 13), our study of a prospective SARS-CoV-2 cohort did not find that IL-6 levels offer a clinical utility for prediction of disease severity. We noted a stronger association between simple laboratory parameters (i.e. CRP) and bedside observations (i.e. SpO2 and respiratory rate) with disease severity, over IL-6. In our cohort, IL-6, CRP, ferritin and LDH were raised at hospital admission while lymphocytes were reduced in line with previous reports (14–16). Further, in another clinical prospective study on longitudinal immune profiling with a median of two time points of peripheral blood collection, the authors indicated an association between serum IL-6 at the time of hospital admission and the severity of COVID-19, defined based on the degree of respiratory failure (16). Similar, in a larger retrospective longitudinal study (N=317), the authors showed the same pattern of increased inflammatory markers within the initial 24 hours after admission as described in our study and previously described study and correlation with disease severity for IL-6 more than 50 pg/ml on multivariable logistic regression (17). Vultaggio et al. (2020) found that in a cohort of 208 patients, 63 presenting clinical deterioration (defined as oxygen therapy, ICU admission, and death), IL-6 and CRP were predictors of negative outcomes in the first 3 days after hospital admission (18). In another study, maximal IL-6 (>80 pg/mL) and CRP (>97 mg/L) levels before intubation showed the strongest association with the need for mechanical ventilation in a cohort of COVID-19 hospitalized patients (19). These findings along with the results from our study support the use of CRP, a routinely available test, as a reliable predictor of clinical outcome in SARS-CoV-2 positive patients. Whilst, in our cohort, ferritin, D-dimer and LDH were not useful to monitor response to COVID therapies but, as discussed, were a marker of acute disease.

A limitation of the study in predicting severity of COVID-19 was the small sample size available in a low prevalence setting as well as the absence of confounders for most of the control groups (especially NIC). Our unique perspective of comparing IL-6 values among patients with other diseases, in particular those with an associated CS phenotype, provides insight into the underlying pathophysiology of SARS-CoV-2. CS is a somewhat controversial disease state with hyper-cytokinemia including IL-6 as key features (20). In a recent study from the Netherlands, the authors showed that IL-6 values were lower in patients with COVID-19 and acute respiratory distress syndrome (ARDS) when compared to patients with septic shock with ARDS or septic shock without ARDS (21). This was supported by our research, illustrating lower IL-6 values in the SARS-CoV-2 positive patients compared to patients with SAB. The idea that CS is not a prominent feature of severe COVID-19 as previously thought is growing in popularity and is supported by our study. Further examination of novel biomarkers in COVID-19 is required. In the interim, the use of routine tools such as CRP and bedside vital signs may offer the most reliability for clinical prediction.



Conclusions

	• IL-6 levels in COVID-19 are elevated early in disease, although lower compared to other cytokine storm states.

	• IL-6 levels follow the response to novel COVID-19 therapies, however do not offer a clinical advantage over C-reactive protein and bedside observations in predicting severe disease.
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