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ABSTRACT

Background: Today, the COVID19 pandemic is one of the most important health
system challenges in the world, which doesn’t have specific treatment yet. It includes
a wide range of respiratory and non-respiratory signs and symptoms, that lead to
hospitalization and intensive care units.

Methods: In this study, 78 patients in two groups of 39 patients were included. The
case group included 39 COVID19 patients who had specified sign in CT scans and
factors of viral infection, high serum ferritin, increased inflammatory factor in the
blood. There were two intervention groups (receiving deferoxamine and vitamin C)
and the control group (receiving only official protocol drugs of the country). All
patients were admitted to the ICU of Shohada-e-Tajrish Hospital and underwent
complete cardiorespiratory monitoring. All changes in Spo2, hemodynamics, serum
ferritin and CRP were recorded before the study.

Results: This study presented that improved patient had lower ferritin levels than
those who were still ill. In addition, prescribing deferoxamine as an adjunct to vitamin
C can prevent cytokine storms that was effective for improving the patients with
COVID19.

Conclusion: In conclusion. According to the role of deferoxamine and vitamin C in
significantly reducing inflammatory factors of ferritin and CRP, they can be used as
an adjunctive therapy in patients with COVID19.

Introduction

symptoms, ranging from asymptomatic to very severe
and life-threatening conditions that lead to hospitalization
and intensive care units.

most important challenges in the world health

system, and during more than two years of this
pandemic and the conflict of more than one hundred and
twenty million people, nearly three million deaths and
hundreds of millions of unemployed and billions of
dollars economic damages, despite the valuable
experience of treating physicians and the management of
epidemiologists and policymakers in recent years, no
definitive cure has yet been found. The disease includes
a wide range of respiratory and non-respiratory signs and

N ow a day, the COVID-19 pandemic is one of the
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The virus can be transmitted through respiratory
particles and through direct and indirect contact.

It uses proteins on its surface to identify ACE-2
receptors in host cells and enters the cell cytoplasm and
starts replicating.

Viral attack on cells causes damage, proptosis,
activation of immune cells, expression of
proinflammatory cytokines (cytokine storm). According
to the amount of virus and factors such as age and
underlying diseases, the symptoms of patients vary, and
depending on the type of response, it can lead to acute
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respiratory distress syndrome, organ failure, and even
death. Most of the time, iinflammation is one of the
prominent and main features of Covid-19. The increase
of ferritin is seen in a large number of patients and in
some studies, worsening of the disease with increased
ferritin has been reported.

According to the results of the previous studies and the
role of ferritin and iron overload in disease outcome, by
controlling and reducing serum iron and ferritin by
chelators such as deferoxamine can prevent exacerbation
of inflammatory conditions and the number of hospitals
stays, morbidity, mortality and reduce treatment costs
and improve Outcome.

Due to the COVID-19 pandemic and the presence of
mortality due to this virus due to the resulting cytokine
storm, it is necessary to use adjuvant drugs to reduce
mortality due to these inflammatory substances [1].
Studies have shown that iron-containing enzymes are
needed to complete the virus replication process,
including COVID-19. There is also a poor prognosis for
iron overload due to infection with the virus, and iron
restriction as a complementary treatment for viral
infections may reduce mortality and morbidity in
patients. In previous studies, the use of iron chelators
such as deferoxamine has been able to prolong the
survival of patients with Acquired Immune Deficiency
Syndrome (AIDS) [2]. Regarding the importance of this
study, although not much information is available about
the regulation of iron in COVID-19 patients, but it can be
deduced from the way that the virus works, this treatment
can be used to treat patients and minimize the mortality
and morbidity of this infection.

The virus targets the epithelial cells of the respiratory
tract and causes a wide range of symptoms, from
asymptomatic infection to severe lung disease in the final
stage that requires mechanical ventilation for ARDS [3].

About 6% of patients with severe pulmonary
involvement have acute respiratory distress syndrome
and multiple organ failure [4].

Almost a quarter of these patients require respiratory
support in the intensive care unit, and it is usually
associated with high mortality [5-6].

Factors such as old age, male gender and underlying
diseases such as diabetes and heart diseases can worsen
the condition of the disease [7].

However even young and completely healthy patients
sometimes experience respiratory problems due to
Covid-19 [8]. Virus-specific factors and host
inflammatory responses have an effective role on disease
severity and clinical outcomes [9-10].

In general, two mechanisms have been reported for
lung damage leading to ARDS: a) ACE2 acts as a
mediator of virus entry into the cell, and in addition, by
activating protein S through the imbalance of the renin-
angiotensin system, it causes alveolar diffusion damage.

b) Some corona proteins cause severe apoptosis in lung
cells [11].

According to previous studies, the accumulation of
platelets in patients with Covid-19 causes the release of
fibrinogen and collagen through the activation of the
protein kinase pathway [12].

Ferritin is an iron storage protein. Its serum level
reflects normal levels of iron and helps diagnose iron
deficiency anemia. Circulating ferritin levels increase
during viral infections and can indicate virus replication
[13-14].

Elevated ferritin levels due to cytokine storm and
Secondary  Hemophagocytic ~ LymphoHistiocytosis
(sHLH) have also been reported in severe COVID-19
patients [15-16].

Cytokine storm in covid-19 causes the production of
inflammatory factors such as IL-6, TNF-a, IL-1p, IL-12
and IFN-y. also liver cells, Kupffer cells and
macrophages cause ferritin secretion [17].

Eventually macrophage activation, hyperferritinemic
syndrome and thrombotic storm associated with multiple
organ damage. Inducing the expression of several
proinflammatory mediators such as Ferritin is the result
of excessive inflammation process by binding to T-cell
immunoglobulin and mucin filament 2 (TIM-2). Kernan
K et al have shown that the ferritin H chain activates
macrophages to secrete inflammatory cytokines [18].
Cytokine storms and exaggerated host immune responses
(e.g., ferritin) contribute to the progression of ARDS,
which, if progressing to respiratory failure, is a leading
cause of death [19]. The presence of hyperferritinemia is
strongly associated with COVID-19 coagulation. Serum
iron and ferritin (a marker of oxidative stress) in the
bloodstream can act as markers for damaged cells. Too
much iron in the bloodstream causes clot’s blood
abnormally [20-21]. Platelet and red blood cell function
is impaired in the presence of elevated serum ferritin and
iron [22]. Hyperferritinemia is also associated with
structural changes in platelets and red blood cells.

In a hyperferritinemia study, was related to admission
to the intensive care unit and high mortality, regardless of
the presence of a tumor or rheumatic disease.
Specifically, a ferritin concentration of more than 500 ng
/ ml predicts 58% mortality [23-24]. As the immune
system deteriorates, ferritin levels in patients with SHLH
increase significantly compared with levels in patients
with defective immune systems [16]. However,
increasing evidence supports the use of anachinera (a
soluble receptor antagonist in IL-1p and IL-1a) as first-
line treatment in patients with sHLH hyperinflammation,
IL1P and IL-1a with increased ferritin levels Are found
to improve after treatment in patients. Thus, Response to
treatment can be monitored by serial ferritin
measurement [17, 25].

Extracellular ferritin can also directly contribute to the
development of cytokine storm as a proinflammatory



234 Behnaz et al.: Deferoxamine and Vitamin C Supplementation on Ferritin and CRP Levels in COVID-19 Patients

mediator [26]. Iron is both necessary for the body and
potentially toxic. It is essential for cellular respiration and
oxygen transport and is potentially toxic because of its
ability to catalyze the conversion of hydrogen peroxide to
free radicals. To prevent such damage, all life forms that
use iron attach iron atoms to proteins. In all organisms,
ferritin is the most important intracellular iron storage
protein. Iron is released from necrotic tissue, then
hydroxyl radicals are released from damaged
mitochondria, and these reactions cause cell membrane
damage and cell death.

According this, we have advocated the idea that as well
as clearing pro-inflammatory stimuli, iron-targeting
therapies, for example iron chelators, may be helpful in
preventing over-inflammation. The use of iron chelators
is successfully used in the treatment for frequent blood
transfusions, such as patients with major thalassemia,
myelodysplastic ~ syndromes,  reperfusion injury,
hemorrhagic shock, sepsis and SIRS, cancer, multiple
trauma, tissue necrosis and a wide range of viral
infections [27].

Studies show that despite the effectiveness of iron
chelators in various inflammatory conditions, it still has
no place as a clinical treatment. Because there is no
effective treatment for COVID-19, we investigated the
use of iron chelators to prevent or ameliorate cytokine
storms and their possible survival in patients with severe
COVID-19 infection and hyperferritinemia. In order to
iron chelators be effective in severe acute COVID-19
infection, adequate doses should be given as soon as
possible. However, it is extremely important to pay close
attention to a number of issues before prescribing an iron
chelator. Deferoxamine (deferoxamine) is used as an
adjunct in the treatment of iron overload and accelerates
the excretion of iron from the body. It binds to trivalent
iron and prevents it from producing a chemical reaction.
It also binds to iron ferritin and homosiderin. It is
metabolized by plasma enzymes and excreted in the
urine, so it is contraindicated in patients with renal
insufficiency. Concomitant use with vitamin C increases
the ability of this drug to excrete iron. Vitamin C is a
powerful antioxidant that is able to eliminate various
types of reactive oxygen and nitrogen. It is the most
effective antioxidant in human plasma against lipid
peroxidation caused by peroxyl radicals [28].

Ascorbate deficiency is common in people with iron
overload and may alter iron distribution.

Animal studies have shown that ascorbate replacement
in the presence of deferiprone can significantly improve
urinary iron excretion [29]. In this study was to evaluate
the adjuvant role of deferoxamine treatment with vitamin
C to reduce iron overload due to virus infection.

Methods

After obtaining permission and receiving the code from
the ethics committee of Shahid Beheshti University
(IR.SBMU.MSP.REC.1399.725), and registering a
clinical  trial in IRCT.ir with the code
IRCT20190121042444N3, all patients with COVID-19
and having evidence of involvement in CT scan that
hospitalization in Shohadaye Tajrish Hospital in Iran,
was considered as the target group.

Sample size according to the alpha (first error of the
study) was 0.05, beta (second error of the study) was 0.2,
P1 (with vitamin C deferoxamine supplement) was 0.4
and P2 (without supplement) Desferal vitamin C (0.7), 78
people including two groups of 39 people were included
in the study.

Then patients with eligibility such as COVID-19, high
serum ferritin and increased inflammatory factor in the
blood were included in the study. Any patient who met
one of these symptoms such as history of kidney failure,
sensitivity to deferoxamine, Contraindications to the use
of deferoxamine and pregnancy were excluded from the
study.

All patients were given the necessary explanations
about the study and informed consent and innocence were
obtained and the patients entered the study after signing
a consent. Subjects were randomly divided into two
intervention groups (receiving deferoxamine and vitamin
C). It should be noted that all patients received all
national protocol drugs for COVID-19 treatment. Serum
ferritin and CRP levels were measured in patients before
starting the process. All patients underwent complete
cardiorespiratory monitoring in the ICU and all changes
in Spo2 and hemodynamics were monitored and
recorded.

Intervention group: In addition to treating COVID-19
according to the national protocol (pentazole 40 mg
Daily, interferon beta three doses daily, dexamethasone 8
mg BD, ivermectin 0.3 mg / kg Daily, enoxaparin 1 mg /
kg SC BD, zinc and vitamin D), Desferal was injected at
a dose of 20 to 60 mg based on weight for 8 to 12 hours
along with 100 mg of vitamin C ampoules at the time of
admission to the corona ward. After 7 days of ferritin
CRP tests, it was sent again.

Control group: received only COVID19 treatment
according to the national protocol and after 7 days,
ferritin and CRP tests were sent again.

All information, including demographic information
and other variables, was recorded in checklists designed
for this study so that all patients' information was
recorded in the same way.

Results

To analyze the descriptive information, central
indicators such as mean, median, mod and dispersion
indices such as standard deviation and variance were
used. Since the total number of samples was more than
thirty, t-test was used to compare the mean of variables
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between the two groups and Chi-square test was used to
compare qualitative variables. In all statistical tests, the
value of Pi was considered 0.05 for the significance. For
analysis the data used SSPS software version 25.

Following the administration of deferoxamine and
vitamin C, significant changes were made in patients, so
that the patient's hemodynamics, including patients'
blood pressure and heart rate, stabilized, and arterial
oxygen saturation increased oxygen demand and
respiratory distress decreased. Ferritin and CRP levels
decreased. Decreased and a relative improvement was
achieved in the general condition of the patients.

In this trial, individuals were randomly divided into
intervention and control groups so that no significant
difference was observed in the mean age difference
between the two groups measured by T-Test. Chi2 test
was also used to evaluate the relationship between the
sexes in the two groups. The results showed that there
was no significant difference between the two groups.
The results are shown in Tables 1 and 2, respectively.

In order to investigate the effect of deferoxamine and
vitamin C on ferritin and CRP, first each group was
compared separately before and after administration
(deferoxamine and vitamin C) and then the two groups
were compared in the same time period.

The following results were obtained:

In the longitudinal study of ferritin changes in the
intervention group after re-measurement, its amount was
significantly reduced, but in the longitudinal study of the
control group, this reduction was not significant. The
calculation is visible in (Table 1).

In a comparative study of the two groups, the amount
of ferritin after administration of deferoxamine and
vitamin C in the intervention group with the control
group was significantly reduced, the results of which can
be seen in (Table 2).

In the longitudinal study of CRP changes in the
intervention group after re-measurement, its rate was
significantly reduced and also in the longitudinal study of
the control group, this reduction was significant
(probably due to receiving antiviral therapy and
improving inflammatory conditions).

In a comparative study of the two groups, in addition to
the decrease in CRP levels in both groups compared to
the beginning of the study, it was observed that CRP
levels after deferoxamine and vitamin C in the
intervention group decreased significantly compared to
the control group.

Table 1- Evaluation of mean ferritin and CRP in calculation with Dependent test in longitudinal evaluation for both

variables
Paired Differences P value
Mean Std. Std. Error  95% Confidence Interval of
Deviation Mean the Difference
Upper Lower
Pair  Ferritin amount before 362 131.13 20.73 403.97 320.09110 0.000
1 deferoxamine ng / ml
Pair CRP level before 27.78 3.31 0.55 26.66120 28.9 0.000
2 deferoxamine mg / DI

Table 2- Evaluation of the effect of deferoxamine and vitamin C on ferritin and CRP with Dependent test

Paired Differences P value
Mean Std. Std. Error 95% Confidence Interval
Deviation Mean of the Difference
Upper Lower

Pair  Ferritin  amount after -58.68 1402.91 221.82 389.99 -507.35 0.793
1 deferoxamine ng / ml
Pair CRP level after 10.77 7.06 1.12 13.03 8.51 0.000
2 deferoxamine mg / DI

recovered patients. Ferritin levels are significantly higher
Discussion in patients with diabetes problems, thrombotic

COVID-19 with involvement of the respiratory system
can lead to ARDS syndrome and multiple organ failure.

In a meta-analysis study conducted by Cheng L et al. in
2019, which included 52 records in 10614 COVID-19
patients were analyzed. Ferritin levels were significantly
increased in critically ill patients compared with non-
critically ill patients, so that the ferritin levels of the
deceased were significantly higher than those of the

complications and types of cancers. Acute liver disease is
associated with a high level of ferritin, and its treatment
is supportive and transferring the patient to the intensive
care unit [30]. As in our study, it was found that having
an underlying disease is highly effective in aggravating
the critical condition of individuals. Zhou et al. also
showed in 2020 that an increase in ferritin levels is
associated with a worsening of COVID-19 [31].
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In a study by Bennett TD et al. as well as Carcillo JA et
al. in 2011 and 2017, hyperferritinemia was related to
admission to the intensive care unit and high mortality.
Specifically, a ferritin concentration of more than 500 ng/
ml predicts 58% mortality [23-24]. Serial measurements
of ferritin not only help to monitor the state of
hyperinflammation, but also indicate a therapeutic
response [17, 25].

As we demonstrated in the present study, people who
recovered had lower ferritin levels than those who
remained ill.

A 2006 study by Meyer D et al. on iron chelators as a
treatment for iron overload in patients with AIDS and
tuberculosis reported a positive effect [32].

In a 2019 study by Y Khodour et al., he examined the
role of iron as a metabolizing enzyme in DNA and RNA,
and highlighted its importance as a regulator of cellular
function [33]. Studies by Romeo AM and Chen L also
showed that iron is essential for virus replication [34-35].

In a 2003 study, Xiong S et al shows the role of nuclear
factor kappa-B (NF-xB), which increases iron content in
Cooper cells following the increase of inflammatory
cytokines [36].

Li B et al. Showed that deferoxamine, as an iron-
reducing agent approved by the US Food and Drug
Administration, was tested to eliminate excess iron [37-
39].

In most studies of virus diseases other than COVID-19,
the effect of iron on the progression of the disease was
strongly seen [40-42].

Liu W et al. in 2020, concluded that iron restriction
represents a promising adjunctive strategy in the
treatment of virus infections through oral absorption or
intravenous injection of iron chelators. For example, iron
chelator therapy has been shown to prolong the survival
of Acquired Immune Deficiency Syndrome (AIDS)
diseases and increase intracellular iron accumulation by
increasing iron-releasing ferroportin expression [42-43].

Although knowing about iron regulation in COVID-19
patients are little so far, it can be inferred from other virus
infections that iron formulation may be a useful adjunct
in the treatment of COVID-19 [43].

Same as our study, which used deferoxamine as an
adjunct and an iron chelator to prevent or ameliorate
cytokine storms and was effective in healing patients.

According to the results of our study, it can be seen that
it has a significant effect on the patients’ improvement
with COVID-19, which can be extended to all other virus
therapies, but due to the limitations of our study, it needs
further investigation.

CRP levels were also assessed in this study, which in
similar studies, both in virus diseases and in COVID-19,
had not yet been studied, and in this regard, the present
study examined these cases for the first time.

Conclusion

In conclusion, according to the results of this study, the
clear role of deferoxamine and vitamin C in the
significant reduction of inflammatory factors ferritin and
CRP, which themselves play an important role in disease
progression and worsening of patients with COVID-19
virus, shows that desferal and vitamin C are positive
effect in the treatment of corona virus disease, so based
on this study, deferoxamine with vitamin C can be used
as an adjunct therapy in patients with severe corona virus
disease.

Due to the limitations of this study, including the
limited sample size, it is recommended that the effect of
deferoxamine and vitamin C be evaluated in a larger
group of patients and that further laboratory criteria be
considered in future studies.
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