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Abstract: The COVID-19 pandemic had a profound impact on global health, economies, and social
systems. The crucial factor that determines the success of COVID-19 treatments is preventing the
need for mechanical ventilation and intensive care admission. In the context of COVID-19, several
treatments have been found to play a role in the disease’s progression and severity. Interleukins
(ILs) have been identified as key mediators of the cytokine storm that can occur in severe cases
of COVID-19, leading to respiratory failure and other complications. For instance, IL-1 antagonist
(anakinra) and IL-6 antagonist (tocilizumab) are supposed to be promising treatments as well as
cortisones for COVID-19. This prospective study aims to evaluate the effectiveness of anakinra or
tocilizumab in addition to cortisone in preventing the progression of mild to moderate COVID-19
cases to severe intensive care admission. Biochemical and hematological parameters, such as D-
dimer, ferritin, LDH, CRP, and white blood cells (WBCs), were measured after treatment with
either anakinra or tocilizumab in addition to cortisone or cortisone alone. The study also recorded
the number of deaths and patients admitted to intensive care. The results indicate that anakinra
significantly improved outcomes and decreased the number of intensive care admissions compared to
tocilizumab or cortisone alone. Therefore, anakinra may play a vital role in controlling the progression
of COVID-19, and its use in mild to moderate cases may prevent the worsening of the disease to
severe stages.

Keywords: COVID-19; COVID-19 treatment; Interleukins; IL-1 antagonist; IL-6 antagonist; anakinra;
tocilizumab

1. Introduction

The Coronavirus disease 2019 (COVID-19) is caused by the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), which is a type of single-stranded RNA virus in
the family Coronaviridae [1,2]. The COVID-19 pandemic, caused by the novel coronavirus
SARS-CoV-2, has affected the world in an unprecedented manner. The virus has led to
a massive surge in global morbidity and mortality, with over 150 million cases and over
3 million deaths reported as of early 2023 [3–5]. The virus primarily infects the respiratory
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tract and causes a wide range of symptoms, ranging from mild cold-like symptoms to
severe pneumonia and multi-organ failure [6–9]. The pathogenesis of COVID-19 is complex
and not fully understood, but it is believed that the virus enters the body through the ACE2
receptors, which are abundant in the respiratory tract, and causes an immune response that
leads to inflammation and tissue damage [6,10–12]. The complications of COVID-19 can be
severe and long-lasting, ranging from acute respiratory distress syndrome (ARDS) to multi-
organ failure, thromboembolism, and even death [6–8,11,13]. Furthermore, COVID-19 has
been shown to cause long-term damage to the respiratory, cardiovascular, and nervous
systems, leading to persistent symptoms even after recovery from the acute phase of the
illness [7,8,14–17].

The worst-case scenario of the prognosis of COVID-19 is the development of a cytokine
storm, a phenomenon that occurs in some severe cases of COVID-19, where an excessive and
uncontrolled release of cytokines leads to a hyperinflammatory response in the body [18–20].
This overactive immune response can cause significant damage to various organs and
tissues, leading to severe symptoms and, in some cases, death [20–25]. The virus triggers
the release of cytokines, which signals the immune system to respond and fight off the
infection. However, in some cases, the immune response becomes excessive, leading to a
cytokine storm. This results in a widespread and uncontrolled inflammation that can cause
damage to the lungs, heart, and other organs [20,26,27]. Symptoms of a cytokine storm can
include fever, fatigue, shortness of breath, and multiple organ failure. It is also associated
with increased severity of illness and a higher risk of death [19–21]. The exact mechanisms
underlying the development of cytokine storm in COVID-19 are not well understood, but
it is thought to involve a complex interplay between the virus, the host immune response,
and genetic and environmental factors [20,22,27,28]. This immune response is characterized
by the overproduction of cytokines, particularly Interleukins IL-1 and IL-6, which play a
crucial role in the development of severe COVID-19 [27,29–34]. Treatment of cytokine storm
in COVID-19 involves controlling the hyperinflammatory response, which can be achieved
through the use of drugs that block cytokines or modulate the immune response. Some
examples of these drugs include corticosteroids, monoclonal antibodies, and interleukin
antagonists [35–38].

IL-1 and IL-6 are among the cytokines that play crucial roles in regulating the cellular
immune response to intracellular infections such as viral infections [20,26,31,39]. IL-1 is a
proinflammatory cytokine that plays an important role in the immune system’s response
to infection and tissue injury. It is produced by a variety of immune cells, including
macrophages, monocytes, and dendritic cells, and acts to recruit and activate other immune
cells [30,40,41]. IL-1 has been implicated in the pathogenesis of many inflammatory and au-
toimmune diseases, including rheumatoid arthritis, gout, and systemic juvenile idiopathic
arthritis [40,42,43]. IL-6 is involved in a wide range of immune responses in the body and is
produced by a variety of immune cells, including T cells, B cells, macrophages, and fibrob-
lasts [31,42]. Elevated levels of both IL-1 and IL-6 have been observed in individuals with
severe cases of COVID-19 and are thought to contribute to the hyperinflammatory response
seen in these patients [29,31,37,44]. As a result, blocking the activity of IL-1 and IL-6 has
been proposed as a potential therapeutic strategy for the treatment of COVID-19 [35,38,45].
IL-1 receptor antagonist, anakinra, has been used to treat a variety of inflammatory disor-
ders, including rheumatoid arthritis and psoriasis, and is being tested for its potential to
treat COVID-19 [30,38,40,42]. IL-6 antagonist, tocilizumab, is a monoclonal antibody that
binds to and neutralizes IL-6 [42,46]. In clinical trials, tocilizumab and anakinra have shown
promise in reducing the severity of symptoms and improving outcomes in COVID-19 pa-
tients, and have been associated with a reduction in the need for mechanical ventilation
and improved survival rates in patients with severe COVID-19 [30,31,35,38,40,42,46].

The treatments for COVID-19 have been limited and mostly supportive, but there
has been growing interest in the use of IL-1 and IL-6 antagonists in the treatment of
COVID-19 to reduce the severity of symptoms, improve the outcome of the illness, and
potentially reduce the risk of death [35,42]. However, IL-1 and IL-6 antagonists have
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potential adverse effects that have been reported with their use in COVID-19 treatment [47].
As immune suppressors, IL-1 and IL-6 antagonists could increase the risk of infections,
particularly opportunistic infections. In addition to expected allergic reactions, IL-1 and IL-
6 antagonists could increase the risk of thrombosis and have been associated with increased
gastrointestinal symptoms such as diarrhea, nausea, vomiting and liver toxicity [48–51].
The aim of the current prospective cohort study in this context is to assess how the severity
of symptoms and the outcome of COVID-19 can be controlled and improved when IL-1
antagonist anakinra and IL-6 antagonist tocilizumab are prescribed early to individuals
with mild to moderate cases. There are several studies which evaluated the effectiveness of
anakinra and tocilizumab in treatment of COVID-19 [33,34,52–59]; however, there are no
studies which evaluated their roles in controlling COVID-19 when given in early stages of
infection, as far as we know. The effects of anakinra and tocilizumab on the levels of some
biomarkers and illness outcomes were assessed in mild to moderate COVID-19 cases.

2. Materials and Methods
2.1. Participants

A cohort, prospective, multicenter, national, analytical study was conducted employ-
ing the data from patients admitted in Muscat hospital suffering from mild to moderate
COVID-19 symptoms. Enrollment began from 1 June and continued to 30 December 2022.

2.2. Inclusion Criteria

All admitted patients who were diagnosed with COVID-19, suffering from mild to
moderate signs, were considered in the prospective study. The mild to moderate cases
were defined as those patients who were suffering from fatigue, fever, dyspnea, loss of
taste, loss of smell, respiratory distress, cough, sore throat, diarrhea, abdominal pain and
vomiting, and were clinically diagnosed and PCR-confirmed as COVID-19. The data
collection was restricted to patients who had not received the COVID-19 vaccine or suffered
from COVID-19 infection in the 6 months before starting the prospective study.

2.3. Exclusion Criteria

The data of admitted patients who were suffering from severe illness including low
oxygen saturation (SpO2 < 95%) and/or difficulty of breathing were omitted. All the
deteriorated cases that were transferred to intensive care (ICU) or died within one week
after administration of treatment were omitted. The data of asplenic patients, those with
autoimmune-disease, cancer patients and children below 12 years of age were not counted.

2.4. Study Design

The data were collected from patients who were administrated the usual prescribed
COVID-19 treatment regimen according to national guidelines and were also treated with
IL-1 antagonist (anakinra), IL-6 antagonist (tocilizumab), or not. The patients were dis-
tributed randomly in three groups according to the treatment regimen as illustrated in
Table 1. The independent variables that are hypothesized to cause an effect are assumed to
be anakinra or tocilizumab while the dependent variables are as biochemical and hemato-
logical parameters during treatment of mild to moderate COVID-19 patients. The levels
of biochemical parameters as levels of ferritin, D-dimer, C-reactive protein (CRP), Lac-
tate dehydrogenase (LDH), and hematological parameters including white blood cells
(WBCs) and neutrophils counts, were compared before and after treatment to evaluate
the outcome of the illness. Furthermore, the clinical improvement was assessed as were
the numbers of patients who were transferred to the ICU or died at the end of treatment
in the three groups.
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Table 1. Treatment regimens.

Usual Treatment Regimen (Control) Treatment Regimen Including IL-1
Antagonist (IL-1)

Treatment Regimen Including IL-6
Antagonist (IL-6)

- Ceftriaxone 2 g every 24 h/5 days
- Heparin low mol wt 4000 IU

every 24 h/5 days
- Calcium with vitamin D tablet

600 mg every 12 h/5 days
- Paracetamol injection 1 g

every 6 h/5 days
- Butamirate citrate cough syrup

10 mL every 8 h/5 days
- Dexamethasone injection 6 mg

every 24 h/5 days

- Ceftriaxone 2 g every 24 h/5 days
- Heparin low mol wt 4000 IU

every 24 h/5 days
- Calcium with vitamin D tablet

600 mg every 12 h/5 days
- Paracetamol injection 1 g

every 6 h/5 days
- Butamirate citrate cough syrup

10 mL every 8 h/5 days
- Dexamethasone injection 6 mg

every 24 h/5 days
- Anakinra injection 100 mg every

12 h/3 days. If no clinical
improvement Anakinra injection
100 mg every 24 h/7 days.

- Ceftriaxone 2 g every 24 h/5 days
- Heparin low mol wt 4000 IU

every 24 h/5 days
- Calcium with vitamin D tablet 600 mg

every 12 h/5 days
- Paracetamol injection 1 g

every 6 h/5 days
- Butamirate citrate cough syrup 10 mL

every 8 h/5 days
- Dexamethasone injection 6 mg

every 24 h/5 days.
- Tocilizumab injection dose 4–8 mg/kg

every 24 h (max 800 mg/dose).
- One additional dose may be considered

12 h later if clinical symptoms worsen
or there is no clinical improvement.

2.5. Statistical Analysis

The statistical significance between the levels of the measured biochemical or hema-
tological parameters was assessed using a paired t-test or a Wilcoxon signed-rank test as
appropriate. A one way ANOVA test was employed to assess the statistical significance of
the changes in the parameter levels before and after treatment in the three tested groups.
The patients who were transferred to ICU or died were counted over five weeks after
finishing the treatment and plotted using the Kaplan–Meier method, and the Log-rank test
was employed to attest the statistical significance. A chi-square test was used to compare
the difference in the proportion of numbers of deaths and ICU-admitted patients among
the three tested groups, followed by a Bonferroni post-hoc test to detect significant differ-
ences between groups. The statistical analysis was carried out using GraphPad Prism, and
p < 0.05 was considered statistically significant.

2.6. Ethical Approval

Our study used information from the Omani Ministry of Health database through
the Al Shifa platform. All the used data were analyzed after removing all identifiers. The
current study was approved by the Center of Studies and Research, Directorate General of
Planning and Studies, Ministry of Health, Sultanate of Oman (MOH/CSR/22/26257).

3. Results

A total of 275 patients who were recruited in the current study were divided into three
groups (Table 2). The first group who received the usual treatment regimen (80 cases) were
considered the control group. The second and third groups who additionally received IL-1
or IL-6 antagonists comprised 95 and 100 cases, respectively.

3.1. The Usual Regimen Did Not Improve the Biochemical Parameters Significantly

The levels of biochemical and hematological parameters were measured before and
after administration of the usual treatment regimen (Figure 1). The numbers of WBCs and
neutrophils were significantly decreased after completion of the doses; however, there was
no significant difference between the levels of ferritin, D-dimer and LDH before and after
treatment. The levels of CRP were significantly lessened after completion of the course of
treatment, perhaps due to the dexamethasone’s anti-inflammatory effects.
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Table 2. Demographic characteristics and clinical features of the cases.

Parameter Did not Receive
IL-Antagonists (Control)

Received IL-1 Antagonist
(Anakinra)

Received IL-6 Antagonist
(Tocilizumab)

Number 80 95 100
Age-median year (range) 44 (17–67) 54 (31–81) 53 (31–85)

Gender-no. (%)

Male 65 (81.2) 56 (58.9) 84 (84)
Female 15 (18.8) 39 (41.1) 16 (16)

Liver Functions-median U/L (range)

AST 37.8 (20–68) 33.7 (18–65) 38.1 (23–71)
ALT 39.2 (18–59) 40 (20–56) 45.4 (18–60)

Kidney Functions- median mg/dL (range)

Creatinine 1.31 (0.86–2.1) 1.35 (0.5–2.2) 1.24 (0.64–2)
Body Mass Index (BMI)-range 19–38 18–44 20–35
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Figure 1. The levels of different parameters before and after administration of treatment regimen 

without interleukin antagonists. The levels of (A) ferritin, (B) D-dimer, (C) CRP, (D) LDH, (E) WBCs, 

Figure 1. The levels of different parameters before and after administration of treatment regimen
without interleukin antagonists. The levels of (A) ferritin, (B) D-dimer, (C) CRP, (D) LDH, (E) WBCs,
and (F) neutrophiles were measured before and after completion of treatment regimen, ** = p < 0.01,
and ns (nonsignificant) p > 0.05.

3.2. Anakinra or Tocilizumab Significantly Decreased the Tested Parameters

The tested parameters were measured before and after the administration of the same
protocol but provided additionally with IL-1 antagonist anakinra (Figure 2) or IL-6 antago-
nist tocilizumab (Figure 3). Anakinra or tocilizumab diminished CRP, LDH, WBCs, and
neutrophils after the accomplishment of the treatment as indicated in Table 1. Interest-
ingly, the levels of ferritin and D-dimer were significantly decreased in the group treated
with anakinra; in contrast, the levels were not significantly influenced with the treatment
regimen including tocilizumab.



Healthcare 2023, 11, 1025 6 of 15

Healthcare 2023, 11, x FOR PEER REVIEW 6 of 16 
 

 

and (F) neutrophiles were measured before and after completion of treatment regimen, ** = p < 0.01, 

and ns (nonsignificant) p > 0.05. 

3.2. Anakinra or Tocilizumab Significantly Decreased the Tested Parameters 

The tested parameters were measured before and after the administration of the same 

protocol but provided additionally with IL-1 antagonist anakinra (Figure 2) or IL-6 antag-

onist tocilizumab (Figure 3). Anakinra or tocilizumab diminished CRP, LDH, WBCs, and 

neutrophils after the accomplishment of the treatment as indicated in Table 1. Interest-

ingly, the levels of ferritin and D-dimer were significantly decreased in the group treated 

with anakinra; in contrast, the levels were not significantly influenced with the treatment 

regimen including tocilizumab. 

Before After
0

2000

4000

6000

p < 0.0001

***
(A)

F
e
rr

ti
n

 l
e
v
e
l 
(n

g
/m

L
)

Before After
0

2

4

6
p < 0.0001

***

(B)

D
-d

im
e
r 

(µ
g

/m
L

)

Before After
0

100

200

300

400

p < 0.0001

***
(C)

C
R

P
 (

m
g

/L
)

Before After
0

200

400

600

800

1000

p < 0.0001

***
(D)

L
D

H
 (

U
/L

)

Before After
0

5

10

15

20

25

p = 0.017

*
(E)

W
B

C
s
 (

×
 1

0
9
/L

)

Before After
0

5

10

15

20

25

p = 0.003

**
(F)

N
e
u

tr
o

p
h

il
e
s
 (

×
 1

0
9
/L

)

 

Figure 2. The levels of different parameters before and after administration of treatment regimen 

with interleukin-1 antagonist anakinra. The levels of (A) ferritin, (B) D-dimer, (C) CRP, (D) LDH, 

(E) WBCs, and (F) neutrophiles were measured before and after completion of treatment regimen. 

*** = p ≤ 0.001, ** = p < 0.01, * = p ≤ 0.05, and ns (nonsignificant) p > 0.05. 

Figure 2. The levels of different parameters before and after administration of treatment regimen
with interleukin-1 antagonist anakinra. The levels of (A) ferritin, (B) D-dimer, (C) CRP, (D) LDH,
(E) WBCs, and (F) neutrophiles were measured before and after completion of treatment regimen.
*** = p ≤ 0.001, ** = p < 0.01, * = p ≤ 0.05, and ns (nonsignificant) p > 0.05.

Healthcare 2023, 11, x FOR PEER REVIEW 7 of 16 
 

 

B
ef

ore
 

A
fte

r

0

2000

4000

6000

p = 0.122

ns
(A)

F
e
rr

ti
n

 l
e
v
e
l 
(n

g
/m

L
)

B
ef

ore
 

A
fte

r

0

2

4

6

p = 0.223

ns
(B)

D
-d

im
e
r 

(µ
g

/m
L

)

B
ef

ore
 

A
fte

r

0

100

200

300

400

p < 0.0001

***
(C)

C
R

P
 (

m
g

/L
)

B
ef

ore
 

A
fte

r

0

200

400

600

800

1000

p < 0.0001

***
(D)

L
D

H
 (

U
/L

)

B
ef

ore
 

A
fte

r

0

5

10

15

20

25

p = 0.0006

***
(E)

W
B

C
s
 (

×
 1

0
9
/L

)

B
ef

ore
 

A
fte

r

0

5

10

15

20

25

p = 0.0013

**
(F)

N
e
u

tr
o

p
h

il
e
s
 (

×
 1

0
9
/L

)

 

Figure 3. The levels of different parameters before and after the administration of the treatment 

regimen with interleukin-6 antagonist tocilizumab. The levels of (A) ferritin, (B) D-dimer, (C) CRP, 

(D) LDH, (E) WBCs, and (F) neutrophiles were measured before and after completion of treatment 

regimen. *** = p ≤ 0.001, ** = p < 0.01, and ns (nonsignificant) p > 0.05. 

3.3. Anakinra Improved the Ferritin and D-Dimer Levels in Comparison to Tocilizumab and the 

Usual Treatment Regimen 

To compare between the effectiveness of the three tested treatment regimens, the dif-

ferences between the measured values of each parameter before and after treatment were 

calculated, and then statistically evaluated. For ferritin and D-dimer levels, the differences 

between before and after values were significantly increased in the case of anakinra in 

comparison to the tocilizumab or control (usual) treatment regimen groups, indicating 

that anakinra significantly diminished the ferritin and D-dimer levels and improved their 

outcome in comparison to the tocilizumab or control groups (Figure 4A,B). Both anakinra 

and tocilizumab significantly improved the CRP and LDH levels in comparison to the 

usual treatment regimen; however, there were no significant differences between the ef-

fects of anakinra and tocilizumab on CRP and LDH (Figure 4C,D). There was no signifi-

cant effect of anakinra or tocilizumab on the reduction of WBCs or neutrophils when com-

pared with the usual treatment regimen (Figure 4E,F). 

Figure 3. The levels of different parameters before and after the administration of the treatment
regimen with interleukin-6 antagonist tocilizumab. The levels of (A) ferritin, (B) D-dimer, (C) CRP,
(D) LDH, (E) WBCs, and (F) neutrophiles were measured before and after completion of treatment
regimen. *** = p ≤ 0.001, ** = p < 0.01, and ns (nonsignificant) p > 0.05.



Healthcare 2023, 11, 1025 7 of 15

3.3. Anakinra Improved the Ferritin and D-Dimer Levels in Comparison to Tocilizumab and the
Usual Treatment Regimen

To compare between the effectiveness of the three tested treatment regimens, the
differences between the measured values of each parameter before and after treatment were
calculated, and then statistically evaluated. For ferritin and D-dimer levels, the differences
between before and after values were significantly increased in the case of anakinra in
comparison to the tocilizumab or control (usual) treatment regimen groups, indicating
that anakinra significantly diminished the ferritin and D-dimer levels and improved their
outcome in comparison to the tocilizumab or control groups (Figure 4A,B). Both anakinra
and tocilizumab significantly improved the CRP and LDH levels in comparison to the usual
treatment regimen; however, there were no significant differences between the effects of
anakinra and tocilizumab on CRP and LDH (Figure 4C,D). There was no significant effect
of anakinra or tocilizumab on the reduction of WBCs or neutrophils when compared with
the usual treatment regimen (Figure 4E,F).
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Figure 4. Comparison between the change in different parameter levels before and after adminis-
tration of the treatment regimen without interleukin antagonists, or treatment regimens including
IL−1 or IL−6 antagonists. The differences in levels of (A) ferritin, (B) D-dimer, (C) CRP, (D) LDH,
(E) WBCs, and (F) neutrophiles were compared between the three treatment regimen. *** = p ≤ 0.001,
** = p < 0.01, and ns (nonsignificant) p > 0.05.

3.4. Anakinra Improved the Illness Outcome

The treated patients in the three tested groups were observed for the next 5 weeks
after completion of the treatment regimens as indicated in Table 1, and the patients who
died or were transferred to the ICU were counted. The ICU-admitted patients were 16 out
of 80 (20%), 6 out of 95 (6.3%), and 29 out of 100 (29%) in the usual treatment regimen,
anakinra-containing regimen or tocilizumab-containing regimen, respectively. As can
be seen, the IL-1 antagonist decreased the numbers of ICU-admitted patients from 20%
(control group) and 29% (IL-6 antagonist group) to 6.3%. Furthermore, 8, 2, and 4 deaths
were documented among the usual treatment regimen, anakinra containing regimen or
tocilizumab containing regimen, respectively. In other words, the IL-1 antagonist decreased
the death rate to 2.1% as compared to the IL-6 group (4%) or control group (10%). The
numbers and dates of ICU admission or death were plotted using a Kaplan–Meier survival
curve and the log rank test for trend was used to assess the statistical significance. There
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was no significant difference in survival time between the three treatment regimens (log
rank test p = 0.503); however, there was a significant difference in the time to the ICU
admission between the tested groups (log rank test p = 0.0004) (Figure 5).

Healthcare 2023, 11, x FOR PEER REVIEW 9 of 16 
 

 

0 1 2 3 4 5
0

20

40

60

80

100

Control
IL-1
IL-6

(A)

Logrank test for trend
p = 0.503

Time (weeks)

D
e
a
th

0 1 2 3 4 5
0

20

40

60

80

100

Control
IL-1
IL-6

(B)

Logrank test for trend
p = 0.0004

Time (weeks)

IC
U

 a
d

m
it

te
d

 p
a
ti

e
n

ts
 

Figure 5. Kaplan–Meier plotting of (A) the death among patients after treatment with regimens in-

cluding IL-1, IL-6 antagonists or not, (B) patients that were transferred to intensive care unit (ICU). 

A chi-square test followed by a Bonferroni post-hoc test was used to compare the 

difference in the proportion of numbers of deaths and ICU-admitted patients among the 

three tested groups. The chi-square test revealed a significant association between treat-

ment regimens and ICU-admitted patients (𝜒2
(2) = 8.075, p < 0.05). Post-hoc analyses using 

pairwise comparisons showed that the proportion of ICU-admitted patients in the group 

treated with anakinra was significantly lower than in the group treated with the usual 

regimen (𝜒2
(1) = 7.019, p < 0.01) and in tocilizumab treated patients (𝜒2

(1) = 5.714, p < 0.05). 

These findings indicate the beneficial effect of anakinra on the COVID-19 mild to moder-

ate cases when administrated in the early stages after infection. On the other hand, there 

was no significant difference in the proportion of deaths recorded in the three treatment 

regimens (𝜒2
(2) = 4.23, p = 0.12). 

4. Discussion 

The treatment regimens for COVID-19 have evolved over the course of the pandemic 

as more is learned about the virus and its pathogenesis. Unfortunately, the mild and mod-

erate infections can become more severe and hospitalization may be necessary. Treatment 

should then include therapies that target the virus or the immune response to the virus 

[10,38]. The severity of the infection could be due mainly to the immune response overac-

tivation that in turn results in a cytokine storm syndrome, which can be life-threatening 

[3,40]. The COVID-19 pandemic has highlighted the importance of immunomodulatory 

medications such as corticosteroids, IL-6 inhibitors, or IL-1 receptor antagonists, in damp-

ening the immune response and reducing inflammation [32,40]. IL-1 and IL-6 are two key 

proinflammatory cytokines that are involved in the immune response to COVID-19 

[18,20,26,35]. IL-1 antagonists, such as anakinra, and IL-6 inhibitors, such as tocilizumab, 

have been used to treat cytokine storm syndrome in COVID-19 patients [32,40]. The cur-

rent study is aimed at evaluating the role of IL-1 or IL-6 antagonists in controlling the 

worsening of mild and moderate COVID-19 cases and preventing them from becoming 

severe. 

Ferritin is primarily responsible for storing and releasing iron, which is essential for 

the growth and survival of many types of immune cells, including lymphocytes, macro-

phages, and neutrophils [60,61]. In the context of COVID-19, elevated levels of ferritin 

have been associated with severe disease and poor clinical outcomes [62–64]. In patients 

with COVID-19, elevated ferritin levels may reflect a hyperinflammation and cytokine 

storm syndrome [63,64]. While elevated ferritin levels may suggest the presence of severe 

disease, they are not specific to COVID-19 and can also be seen in other infections, auto-

immune diseases, and malignancies [65]. In this study, patients who suffered from 

Figure 5. Kaplan–Meier plotting of (A) the death among patients after treatment with regimens
including IL-1, IL-6 antagonists or not, (B) patients that were transferred to intensive care unit (ICU).

A chi-square test followed by a Bonferroni post-hoc test was used to compare the
difference in the proportion of numbers of deaths and ICU-admitted patients among
the three tested groups. The chi-square test revealed a significant association between
treatment regimens and ICU-admitted patients (χ2

(2) = 8.075, p < 0.05). Post-hoc analyses
using pairwise comparisons showed that the proportion of ICU-admitted patients in the
group treated with anakinra was significantly lower than in the group treated with the
usual regimen (χ2

(1) = 7.019, p < 0.01) and in tocilizumab treated patients (χ2
(1) = 5.714,

p < 0.05). These findings indicate the beneficial effect of anakinra on the COVID-19 mild
to moderate cases when administrated in the early stages after infection. On the other
hand, there was no significant difference in the proportion of deaths recorded in the three
treatment regimens (χ2

(2) = 4.23, p = 0.12).

4. Discussion

The treatment regimens for COVID-19 have evolved over the course of the pandemic as
more is learned about the virus and its pathogenesis. Unfortunately, the mild and moderate
infections can become more severe and hospitalization may be necessary. Treatment should
then include therapies that target the virus or the immune response to the virus [10,38].
The severity of the infection could be due mainly to the immune response overactivation
that in turn results in a cytokine storm syndrome, which can be life-threatening [3,40]. The
COVID-19 pandemic has highlighted the importance of immunomodulatory medications
such as corticosteroids, IL-6 inhibitors, or IL-1 receptor antagonists, in dampening the
immune response and reducing inflammation [32,40]. IL-1 and IL-6 are two key proinflam-
matory cytokines that are involved in the immune response to COVID-19 [18,20,26,35]. IL-1
antagonists, such as anakinra, and IL-6 inhibitors, such as tocilizumab, have been used to
treat cytokine storm syndrome in COVID-19 patients [32,40]. The current study is aimed
at evaluating the role of IL-1 or IL-6 antagonists in controlling the worsening of mild and
moderate COVID-19 cases and preventing them from becoming severe.

Ferritin is primarily responsible for storing and releasing iron, which is essential for the
growth and survival of many types of immune cells, including lymphocytes, macrophages,
and neutrophils [60,61]. In the context of COVID-19, elevated levels of ferritin have
been associated with severe disease and poor clinical outcomes [62–64]. In patients with
COVID-19, elevated ferritin levels may reflect a hyperinflammation and cytokine storm
syndrome [63,64]. While elevated ferritin levels may suggest the presence of severe disease,
they are not specific to COVID-19 and can also be seen in other infections, autoimmune
diseases, and malignancies [65]. In this study, patients who suffered from autoimmune
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diseases and cancers were excluded, and the influences on ferritin levels are due to the
effect of the treatment regimens. However, there is no conclusive evidence to correlate the
use of cortisones or IL-antagonists with ferritin levels in COVID-19. The effect on ferritin
levels may depend on factors such as disease severity, treatment timing, and individual
patient characteristics. Several studies have documented dexamethasone’s reducing effects
on the ferritin levels of both critically ill and non-critically ill patients [66,67]. A few
studies have reported that treatment with IL-6 antagonist tocilizumab could lead to a
decrease in ferritin levels in severe COVID-19 cases [68,69]. On the other hand, there are
other studies which showed the non-significant effect of dexamethasone [70–72] or IL-6
antagonist tocilizumab [73] on the patients who did not need ventilation or oxygen. This
corresponds with our findings where dexamethasone and tocilizumab did not significantly
reduce the ferritin levels in mild and moderate cases. Several studies have reported that
treatment with anakinra can lead to a rapid decrease in ferritin levels in COVID-19 patients
especially those with cytokine storm syndrome [74,75]. The current data show a significant
decrease in ferritin levels after administration of anakinra. The exact mechanism behind
this phenomenon is not well understood, but it may be related to the inhibition of IL-1 and
other cytokines that drive the hyperinflammatory response in COVID-19 [18,28].

D-dimer levels have been found to be elevated in many patients with COVID-19,
especially in those who develop severe disease [76]. This is thought to be due to the in-
creased risk of blood clots that can occur in COVID-19, particularly in those patients having
pre-existing conditions such as obesity, hypertension, and diabetes [77]. Elevated D-dimer
levels have been identified as a predictor of disease severity and poor outcomes in patients
with COVID-19 [77]. Studies have shown that the use of dexamethasone in COVID-19 pa-
tients can lead to a reduction in D-dimer levels [76,77]. While some studies have suggested
that dexamethasone can reduce D-dimer levels in COVID-19 patients [78,79], other studies
have found no significant effect [80–82]. While there have been some studies that have
shown a reduction in D-dimer levels with the use of IL-6 antagonists in COVID-19 patients,
other studies have found no significant effect on D-dimer levels. In a study carried out on
432 patients, for instance, tocilizumab led to a rapid and sustained reduction in D-dimer
levels in hospitalized severe COVID-19 cases [83]. However, a randomized controlled
study on 389 patients with moderate to severe COVID-19 documented that treatment with
tocilizumab did not reduce the composite endpoint of death or the need for mechanical
ventilation and did not significantly affect D-dimer levels compared to placebo [84]. An-
other study performed on 149 COVID-19 patients found that treatment with another IL-6
antagonist sarilumab did not significantly affect D-dimer levels in hospitalized COVID-19
patients compared to placebo [85]. In the present study, both tocilizumab and dexametha-
sone did not significantly decrease D-dimer levels in the mild and moderate cases. In
contrast, anakinra significantly reduced the D-dimer levels in the studied cases, which is
in agreement with other studies’ findings [86–88]. It is worth mentioning that anakinra
significantly decreased the levels of ferritin and D-dimer when compared to tocilizumab.

LDH is an enzyme involved in a wide range of metabolic processes in the body, and is
produced by the virus-infected cells as a result of the cellular damage that occurs during
the infection. This release of LDH can act as a danger signal, alerting the immune system to
the presence of the infection and triggering a response by production of cytokines such as
IL-1 and IL-18, which can help to activate immune cells and fight off viral infections [89,90].
LDH is one of the biomarkers that is frequently measured in COVID-19 patients as its
level is elevated due to damage of lung tissues during the infection [91]. In the current
study, anakinra significantly diminished the LDH levels; in contrast, tocilizumab and
dexamethasone did not show any significant effect. IL-1 promotion having an influence
on the release of LDH from cells [92,93] could explain the IL-1 antagonist anakinra’s
effect on decreasing LDH levels. This is consistent with other studies which showed the
reducing effect of an IL-1 antagonist on LDH levels [74,88,94]. There is some conflicting
evidence regarding the effects of dexamethasone and IL-6 antagonist on LDH levels in
COVID-19. Some studies have suggested that dexamethasone may be associated with a
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decrease in LDH levels in COVID-19 patients [95,96]. There is some evidence to suggest
that tocilizumab could reduce LDH levels in COVID-19 patients [97,98]. On the other hand,
other studies have found no significant effect of dexamethasone or tocilizumab on LDH
levels in COVID-19 patients [99,100].

In the current study, dexamethasone, tocilizumab, and anakinra significantly decreased
the levels of CRP and levels of WBCs, which is in agreement with several published
studies [69,101,102]. Previous studies suggested that prompt treatment of COVID-19
before intubation may be more important than the specific type of anti-inflammatory
treatment. The present findings showed the significant influence of anakinra on the time
to ICU admission and on decreasing the number of ICU-admitted patients as compared
to tocilizumab or the usual regimen containing dexamethasone alone. There are several
strengths of the current study including the establishment of the relationship between use of
anakinra or tocilizumab and different biochemical markers such as ferritin, LDH, D-dimer,
and CRP in mild to moderate COVID-19 cases. Furthermore, this prospective study allows
for the collection of detailed information which increases the accuracy and specificity of
findings; this in turn can provide valuable data for designing effective health interventions
and informing public health policies. On the other hand, there were some limitations. The
current study could be expanded by measuring more biochemical and clinical parameters,
while increasing the number of participants in each group could strengthen the findings
of this study. These findings demonstrate the effectiveness of anakinra in controlling the
biochemical and hematological parameters and decreasing the progression of mild or
moderate COVID-19 cases.

5. Conclusions

There are several treatments currently available for COVID-19, and the specific treat-
ment options depend on the severity of the disease and other individual factors. The
worst-case scenario is the prognosis of mild or moderate COVID-19 becoming severe and
mandating ICU admission. The current study aimed to evaluate the use of IL-1 antag-
onist anakinra and IL-6 antagonist tocilizumab as well as corticosteroids in controlling
mild or moderate COVID-19 cases. The present findings revealed a significant ability of
anakinra to diminish several biomarkers such as ferritin, D-dimer, LDH, CRP and WBCs in
COVID-19 patients in comparison to tocilizumab. Furthermore, anakinra decreased the
number of ICU-admitted patients. This paves the way for clinicians to try using anakinra
in controlling early stage COVID-19 and decreasing the need for ICU admission and
mechanical ventilation.
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