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A B S T R A C T 

Introduction: This is because the development of cytokine release syndrome 
(CRS) as the pathologic basis for the progression of severe Covid-19 disease is 
possible. Material and Methods: A two-step selection process that involved first 
screening studies based on their titles and abstracts and then reading the full 
texts of those studies was carried out independently by the two reviewers. 
Studies were considered if they were RCTs, observational cohorts, or case-control 
in design, described two or more patients diagnosed with Covid19, and reported 
measures of cytokine levels. The use of standardized data extraction tables 
allowed for the duplication of the data extraction process. Data were taken from 
the text of the article, the tables, and the graphs. Results: In all of the studies that 
were included, elevated IL-6 levels were found in Covid-19 patients.  Numerous 
studies specifically found that patients with more severe diseases had higher 
levels of IL-6  descriptions of other inflammatory markers, such as ferritin and 
IL2R.  Six studies in total compared the levels of IL-6 in patients with complicated 
disease and noncomplicated disease. Conclusion: In this systematic review and 
meta-analysis, we show that elevated serum IL-6 levels are associated with 
complicated Covid 19 disease and that these elevated IL-6 levels are also 
significantly associated with poor clinical outcomes. These results underline the 
necessity of continuing, carefully designed clinical studies to clarify the function 
of immunomodulation, specifically IL-6 inhibition, in the treatment of severe 
Covid-19. 

Introduction 

he The severe acute respiratory 

syndrome coronavirus 2 (SARS 

CoV2) first surfaced in Wuhan, 

China, in December 2019 [1-3]. 

This is the third zoonotic coronavirus to infect 

humans in the previous 20 years, causing the 

febrile respiratory illness coronavirus disease 

2019 (Covid-19) [4-6]. With several million 

patients infected worldwide, SARS-CoV2 has T 
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proven to have a rapid capacity for 

dissemination in comparison to its 

predecessors. The high intrinsic reproductive 

number of 22.5 and the potential for occult 

transmission during the presymptomatic 

incubation period have all contributed to this 

transmission's growth in the community [7-9]. 

Nearly one-fifth of infected patients in China 

experience severe or critical illness, with a case 

fatality rate of 23% overall and up to 61% of 

patients experiencing severe complications. 

Host-directed therapeutics using already-

available immunomodulatory agents must be 

investigated in addition to preventative vaccines 

and antiviral treatments. Acute respiratory 

distress syndrome (ARDS) may develop as a 

result of coronaviruses' ability to trigger 

excessive and unbalanced host immune 

responses. Autopsy examinations of patients 

with Covid-19 complicated by ARDS show 

hyperactivation of cytotoxic T cells with high 

concentrations of cytotoxic granules. According 

to studies describing the immunological profile 

of critically ill patients with Covid19, interleukin 

(IL)6 hyperproduction is a key mediator of 

respiratory failure, shock, and multiorgan 

dysfunction. Characterizing this dysregulation of 

host immune responses is crucial because it may 

serve as a target for therapeutics [10-12]. 

This is because the development of cytokine 

release syndrome (CRS) as the pathologic basis 

for the progression of severe Covid-19 disease is 

possible. As a result, we created a systematic 

review and meta-analysis to evaluate the 

evidence describing the IL-6 response in 

patients with Covid-19 in order to aid in patient 

diagnosis, define the immunogenic profile of 

Covid-19, and guide future trials aimed at this 

immune mediator [13-15]. 

 

Material and Methods 

Design 

We carried out a thorough analysis and meta-

analysis to look into IL-6 dysregulation in Covid-

19 patients. Articles that characterized serum 

IL6 dynamics in adult or pediatric patients with 

Covid-19 were eligible for inclusion.  These 

articles could be observational cohort, case-

control, or randomized controlled trials (RCTs).  

The Cochrane Handbook's guidelines for 

methodology and Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses 

(PRISMA) for reporting were followed when 

conducting this systematic review [16-18].   

 

Search tactics 

Our high sensitivity search strategy included 

clusters for Covid-19, IL-6, or tocilizumab, as 

well as free text and keyword search term 

synonyms (see Appendix S1 for a complete list of 

search strategies).  Then, using Ovid MEDLINE, 

EMBASE, and Google Scholar, we conducted a 

methodical search for published articles. 

Further searches using the terms "tocilizumab" 

and "interleukin" were carried out in preprint 

servers (Biorxiv, Medrxiv, and Chinxiv) to find 

potential manuscripts for prepublication that 

met the requirements.  From January 1 to March 

15, 2020, these searches were conducted [19]. 

 In order to ensure that all studies reporting data 

on IL6 levels in Covid-19 were found, we next 

performed a second, expanded Ovid MEDLINE 

and EMBASE database search from January 1, 

2020, to March 15, 2020 for all published cohort 

studies reporting Covid–19 patient 

characteristics and outcomes only.  Language, 

disease severity, or reported outcomes were not 

excluded in any way.  Search results from Google 

Scholar and the preprint servers were manually 

parsed to find any eligible studies. Citations from 

MEDLINE and EMBASE were managed with 

Covidence systematic review software (Veritas 

Health Innovation, Melbourne, Australia) to 

make it easier to remove duplicates.  All included 

articles' reference lists were examined for 

potential citation eligibility [20]. 
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Data extraction and study selection 

A two-step selection process that involved first 

screening studies based on their titles and 

abstracts and then reading the full texts of those 

studies was carried out independently by the 

two reviewers. Studies were considered if they 

were RCTs, observational cohorts, or case-

control in design, described two or more 

patients diagnosed with Covid19, and reported 

measures of cytokine levels (with a focus on IL-

6).  The use of standardized data extraction 

tables allowed for the duplication of the data 

extraction process. Data were taken from the 

text of the article, the tables, and the graphs 

(using tools for figure analysis to quantitatively 

take data from curves) [21-23]. 

Data were gathered for the study's design and 

setting, patient demographics, disease 

characteristics, immune marker levels, 

indicators of systemic inflammation 

(inflammatory markers and cytokine levels), 

immunomodulatory drugs used (corticosteroids 

or intravenous immunoglobulin [IVIg]), and 

outcomes consistent with complicated infection 

(hospitalization, intensive care unit (ICU) 

admission, ARDS, invasive mechanical 

ventilation, renal replacement therapy, and 

severe infection) [24-26]. 

 

Statistical investigation 

Continuous data is presented as means and 

standard deviations (SDs), or medians and 

interquartile ranges (IQR), or range, while count 

data and nominal variables are presented as 

proportions with percentages.  As data 

availability allowed, both unadjusted and 

adjusted versions of the measures of association 

relating clinical characteristics or IL-6 levels 

with downstream clinical outcomes are 

presented.  Results are described and 

summarized quantitatively and semi-

qualitatively; random effects models were used 

in a meta-analysis for data that were deemed 

sufficiently homogeneous in terms of patient 

characteristics, interventions, and clinical 

outcomes [27-29]. 

To increase the number of studies eligible for 

meta-analysis, medians and IQRs were 

converted to means with SDs for statistical 

homogeneity.  We calculated the ratio of means 

(RoM) for each study and then performed a 

meta-analysis using general inverse variance 

methods (DerSimonian and Laird) to generate 

pooled measures of association, corresponding 

95 percent confidence intervals (95  %CI), and 

forest plots.  Individual sub-definitions of 

complicated disease (as determined by the 

primary study investigators) were the subject of 

prespecified subgroup analyses.  All statistical 

tests and confidence intervals had a 

predetermined alpha of .05, and the I 2 statistic 

was used to determine the degree of statistical 

heterogeneity. Microsoft Excel version 16 and 

Review Manager version 5 were both used for 

the data analysis [30-32]. 

 

Risk of bias 

All included studies were evaluated for bias risk 

by two reviewers in separate reviews.  For 

cohort studies linking IL-6 levels with disease 

severity, the updated Quality in Prognostic 

Studies (QUIPS) tool was used [33]. 

 

Results 

After eliminating duplicates, our database 

search found 1219 distinct citations.  Of these, 

112 articles were evaluated via full text, and 

eight studies were qualified for inclusion.  Two 

additional articles were found through searches 

on preprint servers.  Thus, a total of 10 articles 

were qualified for inclusion, of which 10 

contributed to the qualitative synthesis and six 

to the quantitative synthesis (metaanalysis). The 

remaining four studies were also qualified for 

inclusion, but their data were not presented in a 

way that allowed for the computation of RoMs, 

so they were not combined in the meta-analysis. 
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After removing duplicates, our database search 

found 1219 distinct citations.  Of these, 112 

articles were evaluated via full text, and eight 

studies qualified for inclusion.  Two additional 

articles were found through searches on 

preprint servers.  There were thus a total of 10 

articles that could be included, with 10 of them 

contributing to a qualitative synthesis and six of 

them undergoing a quantitative synthesis 

(metaanalysis). The final four studies were still 

eligible for inclusion, but they were excluded 

from the meta-analysis because they did not 

present their data in a way that allowed RoMs to 

be calculated. 

In all of the studies that were included, elevated 

IL-6 levels were found in Covid-19 patients.  

Numerous studies specifically found that 

patients with more severe (complicated) 

diseases had higher levels of IL-6  descriptions of 

other inflammatory markers, such as ferritin 

and IL2R.  Six studies in total compared the levels 

of IL-6 in patients with complicated disease 

(those with ARDS, needing ICU admission, or 

having "severe" or "critical" presentations 

according to the Chinese New Coronavirus 

Pneumonia Prevention and Control Program 

score) and noncomplicated disease (those 

without the aforementioned criteria present). 

Statistical heterogeneity was elevated 

throughout all analyses, and it did not 

significantly decrease with the planned 

sensitivity analyses, which were restricted to 

studies comparing patients requiring ICU 

admission vs. no ICU admission.  Patients with 

complicated Covid-19 had IL-6 levels that were 

2.90 times higher than those with 

noncomplicated disease(Fig 1). 

 
Figure 1: Meta-analysis result 

 

In the retrospective cohort study by Liu et al.   it 

is noteworthy that baseline IL-6 levels positively 

correlated with bilateral pulmonary 

involvement, maximum body temperature, and 

IL-6 assessment before and after treatment.  Out 

of 30 patients with IL-6 assessment before and 
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after treatment, 26 (87 percent) patients had 

significantly lower IL-6 in line with improving 

pulmonary computed tomography.  In contrast, 

three (or 75 percent) of the four patients who 

experienced progressively worsening clinical 

conditions had rising IL-6 levels. 

According to Wu et al.'s analysis of risk factors 

for ARDS and death, patients with Covid-19 who 

developed ARDS had significantly elevated IL-6 

levels.  Elevated IL-6 was also linked to fatality.  

In a similar vein, Ruan et al found that patients 

who succumb to Covid19 have significantly 

higher IL-6 levels than those who survive. 

In cohort studies evaluating the inflammatory 

response in Covid19, the risk of bias was 

evaluated using the QUIPS tool.  Inconsistencies 

in the measurement of the inflammatory 

mediators under investigation and a lack of 

confounding control were the main reasons for 

the designation of four studies as having a high 

risk of bias and five as having a moderate risk of 

bias(Fig 2). 

 
Figure 2: risk of bias results 

 

Discussion 

Coronaviruses are a group of single-strain RNA 

viruses that infect a variety of hosts, including 

people, and are primarily responsible for 

respiratory infections.  A novel betacoronavirus 

called the severe acute respiratory syndrome 

coronavirus 2 (SARS-CoV-2), which caused more 

than 1 point 9 million deaths and became a 

global pandemic at the end of 2019, first 

appeared in China.  It has since infected nearly 90 

million people worldwide [33]. 

Acute bilateral pneumonia, which can progress 

to acute respiratory distress syndrome and 

multi-organ failure, develops in 20% of patients 

even though the majority of cases only have mild 

symptoms.  With age and the presence of 

comorbidities, the risk of a fatal illness rises.  A 

counterproductive host immune response 

follows the first phase of SARS-CoV-2 infection, 
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which is characterized by a high level of viral 

replication(Fig 3) [34-36]. 

 
Figure 3: Mechanism of IL-6 In COVID-19 

 

According to the severity and prognosis, this 

infection has been divided into three clinical 

stages. Stage I is characterized by mild, non-

specific symptoms like myalgia, a dry cough, a 

headache, and a subfebrile temperature, but no 

other abnormalities in the lab or on imaging.  

Cough, high fever, dyspnea, abnormal thoracic 

imaging, lymphopenia, and elevated 

inflammatory marker levels are the hallmarks of 

stage II [37-39]. 

Depending on whether hypoxemia is present 

(IIb) or not (IIa), it is further divided into two 

groups.  Stage III culminates in severe 

respiratory failure with a poor prognosis, 

showing clinical signs of a severe systemic 

inflammatory syndrome.  Several inflammatory 

markers have extremely high values during this 

stage of the illness, and macrophage activation 

syndrome may occur. 

The various COVID-19 treatments that have 

been tried can be categorized into three main 

groups: medications with a direct antiviral 

effect, medications with an immunomodulatory 

effect, and neutralizing antibodies from 

convalescent plasma.  Remdesivir has so far been 

regarded as the most important medication for 

the first group because it has been shown to 

have a quicker clinical improvement and a lower 

mortality rate in the subset of hospitalized 

patients who are receiving oxygen.  There are 

still questions about the treatment's 

effectiveness and the types of patients who 

might benefit the most from this therapeutic, 

though, as these data conflict with those from 

other studies [40]. 

A therapeutic approach called 

immunomodulation has been promoted in light 

of the difficulty in preventing the spread of 

viruses and the lack of a treatment that is 

unquestionably effective against them.  This 

tactic is especially pertinent in light of the high 

levels of proinflammatory cytokines that are 

known to play a key role in the pathophysiology 

of severe COVID-19 (14).  In these 

circumstances, the immune response loses its 

capacity to provide negative feedback, which 

results in an overproduction of inflammatory 

cytokines, harmful effects, and a poor prognosis. 

IFN-gamma, granulocyte colony-stimulating 

factor (G-CSF) [41-43], granulocyte-macrophage 

colony-stimulating factor (GM-CSF), 

macrophage inflammatory protein 1 (MIP-

1alpha/CCL3) [44-46], monocyte 

chemoattractant protein-1 (MCP-1/CCL2), and 
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interleukin-1 (IL-1) [47], among many others, 

have all been identified as significantly 

increased in severe COVID-19 patients.  The fact 

that some of them, including IL-6, IL-8, and TNF-

, are considered independent markers of the 

severe disease (19) is crucial [48]. 

For a better comprehension of the pathological 

process in COVID-19 and consequently for the 

identification of the most suitable therapeutic 

targets and timing of drug administration, a 

deeper understanding of the SARS-CoV-2-

induced cytokine storm, including its triggering 

mechanisms, molecular components, and 

kinetics, is required. So far, several studies have 

been published on the potential effects of both 

specific (anti-IL-6, anti-IL-1, anti-GM-CSF, and 

anti-TNF-) and non-specific (corticosteroids) 

immunomodulatory therapies for COVID-19. 

Corticosteroids, particularly dexamethasone, 

have been the most widely used, especially in 

light of growing evidence of their benefit in 

reducing mortality in hospitalized patients 

receiving oxygen and particularly in patients 

supported by mechanical ventilati [49].  The best 

dosage for each patient, the precise timing of 

administration, and the length of the course of 

treatment still need to be clarified.  Additionally, 

a more focused medication would be preferable, 

especially in light of the current immune 

dysfunction. 

In this systematic review and meta-analysis, we 

show that severe Covid 19 disease is associated 

with significantly elevated serum levels of IL-6.  

According to a meta-analysis of the data, these 

elevated levels are strongly linked to poor 

clinical outcomes, such as ICU admission, ARDS, 

and death.  When compared to patients with 

non-complicated disease, those with such 

complicated forms of Covid-19 had serum IL-6 

levels that were nearly three times higher. 

It is becoming more widely accepted that a 

dysregulated host immune response to foreign 

infectious pathogens is essential to the 

development of target organ dysfunction and a 

significant cause of morbidity and mortality.  The 

systemic inflammatory response in sepsis has 

been shown to be similar to that of CRS; 

consequently, in patients with Covid-19 

complicated by ARDS, such hyperactivation of 

the humoral immune system with a prominent 

IL-6 response may imply that part of the 

pathogenesis of complicated disease involves a 

dysregulated and excessive host inflammatory 

response. 

This clinical phenotype resembles that of CRS, a 

condition for which tocilizumab's IL-6 receptor 

inhibition has demonstrably shown benefit, and 

it may indicate a Covid-19 subpopulation that is 

more severely affected, requiring more intensive 

care and having worse clinical outcomes.  Studies 

evaluating the potential benefit of host-directed 

immunomodulatory therapy are desperately 

needed because there is a chance that CRS could 

develop as the pathologic basis for a severe 

Covid-19 infection. 

Inhibiting IL-6 with siltuximab, sariliumab, and 

tocilizumab is one of many clinical trials looking 

at the potential use of biologic inhibitors of 

important cytokine pathways as a treatment for 

complicated Covid-19 [50]. While the results of 

these randomized trials are eagerly awaited, 

early clinical studies of tocilizumab and 

siltuximab in severe Covid-19 are encouraging, 

showing signs of potential for clinical and 

radiographic improvement. 

 

Conclusion 

In this systematic review and meta-analysis, we 

show that elevated serum IL-6 levels are 

associated with complicated Covid 19 disease 

and that these elevated IL-6 levels are also 

significantly associated with poor clinical 

outcomes. This implies that an excessive host 

immune response and autoimmune injury may 

be the result of an initial SARS-CoV2 infection 

that progresses to a complicated disease. These 

results underline the necessity of continuing, 

carefully designed clinical studies to clarify the 
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function of immunomodulation, specifically IL-6 

inhibition, in the treatment of severe Covid-19. 
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