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Abstract
Background

Some COVID-19 patients have higher mortality and the responsible factors for this
unfavorable outcome are still not well understood. Ferritin is a known inflammatory biomarker in
COVID-19. However, many factors and co-morbidities can confound the level of serum ferritin.
Objective

To study the association between ferritin levels at admission, representing an inflammatory
state, and hospital mortality in COVID-19 patients.
Methods

From January through March 2022, COVID-19 positive patients with moderate to severe
clinical symptoms were evaluated at admission, regarding clinical and laboratory data on
hematologic parameters, C-reactive protein (8-10 mg/L), D-dimer (<500 pg/L), and
cytomegalovirus co-infection. Patients were stratified based on ferritin levels (ferritin levels 24-
336pg/L).
Results

A total of 506 patients were included; mean age = 46.56+16.15 years, 355 (70.15%) were
male, and 151(29.85%) were female. Age, ferritin, C-reactive protein, and D-dimer were
significantly associated with mortality. The magnitude of inflammation presents at the admission
of COVID-19 patients, represented by high ferritin levels, is independently predictive of in-
hospital mortality.

Keywords: COVID-19; Ferritin; mortality. Introduction

By the end of 2019, a novel viral infection emerged. The microbial agent that caused the
w pandemic was named the severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) and
showed human-to-human transmission. The clinical syndrome is named COVID-19 (Coronavirus
Dieses 2019), which is characterized by severe acute respiratory distress and is highly infectious.
It has only been discovered recently and spreads between individuals through close contact and
respiratory droplets when an infected person sneezes, talks, or coughs (WHO, 2020). According
to the Johns Hopkins University and medicine resource center, the world had recorded more than
420 million cases and over 5 million deaths from COVID-19 by the end of February 2022
worldwide. In Saudi Arabia, COVID-19 infected more than 737 thousand causing 8,978 death
cases till the end of February 2022 (WHO, 2020)
SARS-cov2 is one of the Coronaviruses that belong to the family Coronaviridae and Coronovirinae
subfamily. genetically, there are 4 categories of the subfamily Coronovirinae, alpha (a), beta (),
gamma (y), and delta (3). Alpha and beta coronaviruses are the most clinically important in humans
(Payne, 2017; Pal et al., 2020). The virus is positive single-strand RNA, it belongs to the beta-
coronaviruses. It has some similarities to SARS and MERS viruses. But it is much closer to two
bat coronaviruses (Perlman et al., 2020). Both SARS-COV and SARS-cov2 use human
angiotensin-converting enzyme 2(AC2) receptors to get access to the cell helped by the receptor-
binding domain of its spike protein (Zhou ef al., 2020; Hoffmann et al., 2020). SARS-cov2
emerged over time because of mutations that do not affect the virus function but may give rise to
more transmission and affect clinical severity and manifestations (Lai et al., 2019). Those of
concern are Omicron, Delta, Beta, Gamma, and alpha (Figure 1) (WHO, 2022).

More than 30 mutations occurred in the spike protein of coronavirus resulting in the
Omicron (B.1.1.529 lineage) with more transmission ability and decreased response to
neutralizing antibodies. the mutated one emerged by the end of 2021(CDC, 2022). Although it
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causes a less severe clinical disease, it could evade the humoral immune response induced by the
COVID-19 vaccine and has a higher infectivity rate. Viral transmission occurs directly from
person -person through the respiratory droplets, especially with a close-range distance of about 2
meters. the virus comes out in the respiratory secretions during coughing or sneezing. indirect
transmission occurs when the hands of a person get in touch with contaminated surfaces and then
touch the nose, eye, or other mucous membranes (Huang et al., 2019). The incubation period
ranges from 2 to 5 days and infectivity starts with the onset of clinical symptoms. The virus could
be detected up to 12 days after the appearance of symptoms (Rothe et al., 2020).

There is no specific finding in laboratory testing for covid -19, however, lymphopenia,
leucopenia, elevated liver enzymes, D-dimer, PT, PTT and inflammatory markers including CRP,
ESR, LDH and cytokines could be detected. Elevated liver enzyme and bilirubin were found in
some patients. High blood glucose and impaired kidney function are another abnormality. Serum
ferritin was found to be elevated an inconsiderable number of patients especially those with
cytokine storm. Laboratory parameters are more important in patient follow up and picking those
who will benefit from anti-interleukin therapy (Zhou et al., 2020; Chen T et al., 2020).

Ferritin, a globular protein in nanocells, has 24 subunits. It is found not only in numerous
tissues and cells but also in skeletal fluids, including plasma and serum (Kell and Pretorius, 2014).
Depending on the type and body structure of the molecule or tissue, the proportions of H and L
subunits in 24-mer proteins may also additionally differ, possibly reflecting useful differences.
The L subunit predominates in liver and spleen ferritin, while the H subunit predominates in the
brain, kidney, and cardiac ferritin. Serum ferritin is composed primarily of L subunits, indicating
that it is liver-derived and glycosylated (Cragg et al. 1981). Intracellular iron must be converted to
Fe3+ before it can be transported outside the cell. The process is facilitated by either hephaestin
or ceruloplasmin, both of which have ferroxidase activity (Fe2+ + Fe3+). Both proteins are active
in the intestine, while ceruloplasmin is the primary worker in the liver (a major storage site for
iron). After loading iron onto transferrin, the primary transporter of iron in the circulation is
released. As a result of binding to transferrin, Fe3+ is soluble and nonreactive, allowing it to enter
the circulatory system (Knovich et al., 2009).

As a result of the oxidation of Fe (II) to Fe (III), cells are capped towards Fe (II), which in turn
enables the conversion of hydrogen peroxide, a product of mitochondria. Fe (II) is converted to Fe
(IIT) by the ferroxidase of the H subunit, while the L subunit assists in the incorporation of Fe (III)
into ferritin. The iron response element/iron regulatory protein tightly controls ferritin expression,
demonstrating the importance of ferritin in iron metabolism. These processes are dependent on
translation. The heavy chain of ferritin (FTH) and the light chain of ferritin (FLC) incorporate
human ferritin. The peroxidase contained in the chain converts Fe2+ to Fe3+. When Fe3+ reaches
the nucleation point, iron oxidation and nucleation occur simultaneously (Kuhn, 2015).

The ferritin gadgets are in inner cells with an outer diameter of 12 nanometers and an inner
diameter of eight nanometers. These nanocells (pH 3-9) separate the iron inside the center from
the external environment and protect the framework from the harmful effects of additional,
unbound iron. Ferritin can contain up to 5000 iron atoms in a single molecule. Oxidizing marketers
and antioxidants, including nitrous oxide, glutathione, and other "reactive oxygen species," affect
ferritin production (Kaushal et al., 2022). Inflammation affects the expression of individual genes.
FTL mRNA is translated by transcriptional repression using iron regulatory proteins 1 and 2. These
proteins interact with regulatory regions of mRNA that are known as “iron-sensitive elements"
located in the "5'-untranslated region” (Wang et al., 2021).
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In addition to continuous inflammatory responses, serum ferritin also shows acute
inflammatory responses. Hyperferritinemia can be both a cause and a consequence of
inflammation. An increase in ferritin levels indicates brisk monocyte-macrophage activity (Edeas
et al., 2020). Changes in cytokine repletion in monocytes and macrophages affect both
transcription and translation of ferritin. Macrophages respond to immunological stimuli by
polarizing toward M1 or M2, thereby regulating the body's inflammatory state. There is also
evidence that there is a direct link between ferritin and lymphocyte properties (Wang et al., 2021).

COVID-19 is considered one of the systemic inflammatory disorders with the release of
pro-inflammatory proteins and cytokines such as IL-6, and TNF-alpha (Mulchandani et al., 2021).
Markedly elevated level of the cytokines has been encountered in patients with severe disease-
causing the well-known cytokine storm. The release of cytokines by the immune cells. cellular
impairment and damage, developed metabolic acidosis, and generation of oxidant may be the
mechanism by which ferritin is elevated in COVID-19 patients. Ferritin is a common acute phase
inflammatory biomarker. Some studies reported that in patients with COVID-19, serum ferritin
correlates with disease severity and the follow up of its serum level could estimate clinical
progression (Lin et al., 2020)

Ferritin is one of the serum biomarkers indicating the extent of the inflammatory process
in COVID-19. Ferritin has a role in minimizing the intracellular oxidative stress and intake of
cytosolic iron thus modifying the host response to infection as in malaria, sepsis, and some viral
infection (Chiou and Connor, 2018).

Mild to moderate elevation of serum ferritin may be indicative of a healthy host response
to acute infectious process as in COVID-19. This may occur through the activation of useful
defensive pathways. however, marked elevation of serum ferritin beyond a certain limit will lead
to more deleterious effects and worsen patient outcomes through immune dysregulation and
cytokine storm. The extent of serum ferritin elevation may reflect the balance between regulated
beneficial and dysregulated harmful immune responses in patients with COVID-19 pneumonia
(Kooistra et al,.2020).

In the usual inflammatory disorders, systemic inflammation occur then impaired iron
metabolism happen latter, however In COVID-19 impaired iron metabolism occur early in the
disease followed later by systemic inflammation and organ damage suggesting the role of iron
dysregulation in covid-19 patients' outcome (Banchini et al., 2021). Some recent studies consider
s hyperferritinemic syndrome is considered one of the major modifiers in SARS-COV2 infection
(Fisler et al., 2020), which make the evaluation of ferritin levels a parameter of infection. Presently,
excluding reviews and metanalysis, only ten papers have been published on the contemporary topic
of “ferritin” and “COVID” (Gandini et al.,2020)

Covid -19 is has very complex pathogenesis, hypoxemic respiratory failure, and severe
acute respiratory syndrome are life-threatening complications that could develop in absence of
cytokine storm (Zhou et al., 2020). In this clinical situation serum ferritin was found to be
excessively high Which suggest the use of serum ferritin as predictor of mortality. These findings
support the suggestion that COVID-19 is a member of hyperferrinemia syndrome.
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Parameters N Percentage

Total patients’ number 506 100%

Mean of age (Mean, SD) 46.56+16.15 years --

Female 151 29.85%

Male 355 70.15%

Saudi 233 46.05%

Non-Saudi 273 53.95%
Aim of the study

This study aimed at:
e [Estimation of the level of the serum ferritin biomarker in patients with COVID-19.
e Study the impact of serum ferritin level on COVID-19 patient's outcome.

Study design and samples collection

The medical records of 508 confirmed COVID-19 patients were analyzed for demographic
data, clinical data, and patient’s outcome. Those patients were selected from the North Medical
Tower, Arar, Saudi Arabia from January 2022 to March 2022.

e patients with confirmed covid -19 test results at the time of diagnosis Covid-19 patients
were involved in the study.

e Patients with viral respiratory infections other than Coronaviru were excluded from the
study. Blood samples were obtained from North Medical Tower in Arar hospitalized
COVID-19 patients, from January 2022 to March 2022.

Studied subjects were COVID-19 patients admitted to the ICU, in the wards, and in recovery.

The patient's files were reviewed for the demographic data, clinical data, laboratory test results,
and patient outcomes. The study was approved by the ministry of health .

Statistical analysis

Analysis of the data collected data was performed using Statistical Package for Social Sciences
version 20 (SSPS20) computer program and Microsoft Excel 2010. the mean+SD or median as
appropriate was used. Qualitative data were presented as frequency and percentages were used for
Qualitative information. Comparison between the two groups was conducted by using for all
comparisons, the p-value was set at 0.05 and was considered significant and highly significant.
Results with a probability value less than 0.05 were deemed statistically significant.

Result

Basic data of the studied patients

A total of 506 confirmed patients with COVID-19 were analyzed. An average age of
46.56+16.15 years was observed, with 355 (90.75%) males and 151 (29.85%) females. Saudis
represented 46.05 % of the survey participants, while non-Saudis made up 53.95 %. The severity
of the case dictated whether the patient was admitted to the emergency room, an infectious disease
unit, or an intensive care unit. The main symptoms observed upon hospital admission were fever,
cough, sore throat, sneezing, loss of taste, and abdominal pain. A blood test was done within the
first 24 hours after hospitalization to determine the laboratory result (Table 1).
As a result of severity, 407 (80.43%) of them were discharged home, 69 (13.64%) were in the
intensive care unit, and 30 (5.93%) died (Table 2).
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Patients Mortality Number (506) 100%
Recovery 407 80.43%
ICU 69 13.64%
Death 30 5.93%

Age affects ferritin levels in COVID-19 patients

Age and risk markers were interrelated, with a significant relationship between ferritin and
age (meantSD, 738.4+21.28; p<0.001; 95% CI, 696.7 to 780.2) ((Figure 5). There were no
significant differences between age, mortality risk (death), ICU, or discharge to home (p=0.723,
p=0.422, p=1.42; respectively) (Table 3).

Under 18 18-35 35-50 50-70 70+

(n=4) @=122) | @=177) | (@=150) |@=s3) |F-valwe
Recovery 4 120 163 103 17 0.236
ICU 0 0 9 34 27 1.652
Death 0 2 5 13 9 1.322
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80
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Under 18 (n=4)  18-35 (n=122)  35-50 (n=177)  50-70 (n=150) 70+ (n=53)

ERecovery BICU m®Death

Figure 1. age group distribution in recovery, ICU, and death

Hospitalized COVID-19 patients' laboratory parameters

There are two different laboratory tests, both measuring plasma D-Dimer (P=0.0029). A
significant correlation was found between ICU admission and patients' mortality and serum ferritin
on admission (P<0.0001). Between the different patient categories, there was no statistically
significant difference in PT, PTT, or CRP levels (Table 4, Figure 6).
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k=
Parameters Death (n=30) Recovery (n=407) ICU(n=69) P-value
Mean+ SD
Age 59.37+16.15 42.88+13.69 64.33+13.38 <0.001*
Serum ferritin 807.9+£388.7 762.5+477.4 927.2+£506.0 0.0294*
D-dimer 1086+1328 742.5£517.2 928.0+1223 0.0098*
PT 12.15+1.818 11.80+£0.9755 11.83+0.7182 0.1713
PTT 35.81+4.753 34.65+£2.994 35.18+3.087 0.0817
CRP 75.124+49.75 60.24+39.58 54.95+35.45 0.0732
*Significant P<0.05
1200
1000
800
600
400
200
0

Serum ferritin

m Death (n=30)

H Recovery (n=407)

D-dimer

® ICU(n=69)

Figure 2. correlation between Serum ferritin, D-dimer, and CRP in mean of Death, ICU, and

recovery patients.

Relationship between ferritin serum levels and other laboratory parameters.
Comparison of laboratory parameters between patients whose ferritin levels are > 336ug/L
abnormal and those whose ferritin levels are 24-336ug/L normal. The CRP and D-dimer levels
were significantly higher in patients with ferritin levels >336 pg/L. when compared with those with
ferritin levels 24-336ug/L (63.37+£37.44, p=0.0011; 816.9+£792.7, p=0.0312, respectively) (Table

5 and Table 6).
Parameters N=506 % Mean SD P value
Abnormal 413 81.62%
Serum Ferritin 787.6 +479.1 <0.0001°*
Normal 93 18.73%
*Significant P<0.05
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Abnormal Normal

(Mean%SD) (336pg/L) (24-336pg/L) P-value
Serum Ferritin 892.8+465.5 11.72+6.581 0.0003"
D-dimer 816.9+792.7 666.8+229.6 0.0312°
PT 11.82+0.9627 11.90+1.760 0.6809
PTT 34.86+3.193 32.53+2.179 0.1787
CRP 63.37+37.44 26.59+22.33 0.0011"
Lymphocytes count 4.987+53.13 1.737+0.5581 0.8710
*Significant P<0.05

Serum Ferritin and COVID-19 Mortality

Patients in the ICU had a serum ferritin value of 927.2 (SD, 506.0) ng/ml, and those who were
dead had a value of 807.9 (SD, 388.7) ng/ml, and those who had a value of 927.2 (SD, 506.0)
ng/ml. In the study, the difference between Serum Ferritin levels in ICU and dead patients was
119.2+103.7 pg/ml (95% confidence interval CI, -86.51 to 325.0). There was a significant increase
in Serum Ferritin levels in the ICU and in dead patients. In addition, the difference in the mean
value of Serum Ferritin between the dead and the recovered patients was 164.7+62.70 ug/ml (95
% confidence interval, 41.51 to 287.9), indicating that the level of Serum Ferritin was significantly
higher in the dead patients than in the recovered patients.

Discussion

New coronaviruses have been detected in China for the first time in December 2019, and
they were later dubbed SARS-CoV-2 (Cruickshank et al., 2020). In March 2020, the World Health
Organization (WHO) declared COVID-19, the viral illness associated with the virus, an
international public health emergency (Cucinotta et al., 2020). Based on reverse transcription real-
time PCR, scientists developed specific diagnostic tests for this virus through genome sequencing
(Henter et al., 2007). Acute respiratory distress syndrome and multisystemic inflammation may
result in organ failure in patients with severe disease. Thus, it is mandatory to do good patient
evaluations upon admission and investigate possible biomarkers to take fast and correct clinical
decisions.

Ferritin has been identified as an inflammatory marker in pneumonia that may be
associated with disease progression and severity. Hyperferrinemia, a key mediator of immunologic
response, could be associated with the severe inflammatory condition (Slaats et al., 2016). It has
been found that hyperferritinaemia is a useful inflammatory biomarker among rheumatologic
disorders, some cancers, and diseases with inflammatory backgrounds (Kernan and Carcillo,2017).
It has been proposed by Edeas M et al., that hyperferritinemia is caused by leakage from damaged
intracellular stores. Ferritin loses its inner iron content after being released from tissue stores,
resulting in excess free iron. Some clinically important viruses grow more rapidly in the presence
of excess iron or iron repletion (Colafrancesco et al., 2020; Edeas M et al., 2020).

It was observed that serum ferritin is generally elevated in most of the COVID-19 patients,
higher levels were found in patients admitted to the ICU and non-survivors. This study examined
506 confirmed COVID-19 patients with regard to serum ferritin levels on admission, and its
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relationship to other biomarkers such as CRP, D-dimer, PT, and PTT (Drakesmith and
Prentice,2008).

Serum ferritin was strongly correlated with overall survival, regardless of age. In
accordance with Cheng et al., who reported higher serum ferritin levels in severe covid-19 patients
and confirmed that their level was correlated with mortality. In contrast to other patients with acute
surgical disorders, Banchini et al. reported elevated serum ferritin levels in COVID-19 patients
(Cheng et al., 2020; Banchini et al., 2021).

Coronavirus disease is a multisystemic inflammatory disorder characterized by elevated
pro-inflammatory markers and cytokines such as CRP, IL-6, TNF-alpha, etc., especially in patients
with clinically severe disease (Mulchandani et al., 2021). The release of IL-6, IL-1B, and TNF-
alpha, associated ROS production, metabolic acidosis, and secondary tissue damage are proposed
mechanisms of high ferritin levels associated with COVID-19. Studies have shown that high serum
ferritin correlates with disease severity, outcome, and other inflammatory markers like CRP (Lin
et al. ,2020).

Ferritin levels in the blood may not only reflect acute phase responses but may also play a
critical role in inflammation. Serum ferritin levels are a non-specific indication of the acute phase
response for most doctors dealing with inflammatory disorders, and they are frequently overlooked
or not evaluated while the patient is acutely unwell (Torti, 2020). Ferritin levels can be exceedingly
high in some conditions, and while not specific, these excessively high levels can assist identify
people who are at risk. Ferritin levels were shown to be higher in elderly and/or hypertensive
participants in prior investigations, which was linked to an increased risk of death (Rosario et al.,
2013).

High levels of serum ferritin in the first seven days of hospitalization were found to be a
predictor for the cytokine storm syndrome in a study of COVID-19 patients, and serum ferritin
was also found to be a biomarker for potential progression to critical illness in a meta-analysis of
21 studies (3377 patients and 33 laboratory parameters) (Taneri et al., 2020). However, new
research has shown that anti-inflammatory biomarkers can also be upregulated during the acute
phase of COVID-19. This emphasizes the necessity of future research focused on the balance of
pro- and anti-inflammatory mediators, as well as how this may affect disease development
(Caricchio et al., 2020).

In this study age showed a negative impact on disease severity and mortality, whereas
patients with more advanced age showed more ICU admission and higher mortality in COVID-19
patients, this was also reported by Omotade ef al., 2022.

Conclusion

. When compared to other severity markers in COVID-19, ferritin may serve as an easy-
to-use predictor for risk stratification of covid-19 disorder. This study concluded that elevated
serum ferritin level was frequently found in those with more severe disease and non-survivors of
COVID-19. Thus, serum ferritin level on admission could serve as an important risk stratification
biomarker in COVID-19 management. However, serum ferritin level needs to be interpreted
cautiously in presence of another comorbid disease.
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