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Introduction

Coronavirus

according to reports [1], [2].
COVID-19

generated in

disease
was first reported in December 2019 in Wuhan,
China, and is caused by the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) virus, which
is transmitted to humans. The SARS-CoV-2 virus
spreads quickly around the world. On March 11, 2020,
the World Health Organization proclaimed COVID-19
a worldwide epidemic. On September 20, 2020, there
were 30,675,675 verified cases and 954,417 fatalities,

symptoms
asymptomatic, moderate symptoms such as illness,
cough, fever, shortness of breath, and shortness
of breath to severe symptoms including respiratory
failure, acute respiratory distress syndrome, and
death. The severity of COVID-19 outcomes is linked
to the existence of a cytokine storm, and variations in
clinical symptoms are linked to the release of cytokines
inflammatory situations.
produces ferritin, an acute-phase protein. Increased
ferritin levels have been associated to inflammatory
conditions in the previous study. Ferritin is a protein

Abstract
BACKGROUND: Early identification of clinical outcomes is necessary for risk classification in COVID-19 patients.

This study help in evaluating the progression of the disease and the patient’s therapy.

AIM: This study aims to determine serum ferritin levels for the prediction of mortality among COVID-19 patients in an
Indonesia’s National Referral Hospital.

METHODS: A retrospective cohort study was conducted on 142 confirmed positive COVID-19 patients between
March 2020 until March 2021 at Dr. M. Djamil General Hospital as a National Referral Hospital in Indonesia. Data
obtained from medical record documents and examination of ferritin levels was carried out at the beginning of
treatment. The Chi-square test and survival analysis with the log-rank test and Kaplan—Meier methods were used to
analyze the data. The SPSS version 15 was used to analyze the data.

RESULTS: The serum ferritin cutoff point for COVID-19 patients that can be used to predict poor outcomes was
>651.02 ng/mL with sensitivity 79.3%, specificity 80.5%, and accuracy 85.0%. Age, comorbid diabetes mellitus,
number of comorbidities, symptoms of trouble breathing, oxygen saturation, severity, and mortality outcome were all
associated to ferritin levels >651.02 ng/mL. The Kaplan—Meier curve showed that ferritin levels >651.02 ng/mL were
associated for risk of poor outcome COVID-19 patients (HR = 8.84, [95% CI 3.59-21.73]).

CONCLUSION: The ferritin cutoff point for predicting poor prognosis in COVID-19 patients was 651.02 ng/mL.
However, ferritin serum levels cannot be used as a single predictor in determining the poor outcome of COVID-19.

that binds iron. Increased ferritin levels indicate an
inflammatory condition induced by viruses or bacteria
in the body, whereas decreased ferritin levels indicate
iron deficiency anemia [2]. Inflammation activates
macrophages, which emit inflammatory cytokines and
send signals to the immune system, hence, ferritin may
be used as a marker of inflammation in addition to being
a marker of iron accumulation [2], [3], [4].

2019 (COVID-19)

Ferritin has been examined extensively as
an external predictor of COVID-19 patients as an
inflammatory marker. COVID-19 patients with severe
symptoms had greater ferritin levels than those with
mild symptoms. Ferritin levels in severe symptoms were
higher (2817.6 ng/mL) than in non-severe symptoms
(708.6 ng/mL) [4]. Ferritin levels were found to be
higher in patients with severe symptoms (>1300 ng/mL)
than in individuals with mild symptoms (821.1 ng/mL) in
another study. In COVID-19 patients, elevated ferritin
levels can be utilized as a prediction of poor prognosis.
Ferritin levels more than 400 ng/mL were identified to
be a risk factor for COVID-19 illness development in
one hospital at Beijing, China [5].

range from

The liver
However, because the cutoff value for ferritin
levels as an outcome prediction marker does not

yet exist at one of the Indonesia’s national referral
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hospitals, researchers are interested in conducting
this study. The objective of this study is to provide an
overview of the features of COVID-19 patients at one
of the Indonesia’s national referral hospitals, as well as
to evaluate ferritin cutoff as a predictor of prognosis for
COVID-19 patients so that doctors may be more alert to
disease progression.

Methods and Materials

Study design

This study used a retrospective cohort
analysis on confirmed positive COVID-19 inpatients
at Dr. M. Djamil General Hospital in Padang, which
is one of the Indonesia’s national referral hospitals.
From March 2020 to March 2021, data were gathered
from patient medical records. Clinical factors such
as medical history, comorbidities, clinical symptoms,
and laboratory examinations of ferritin levels were
gathered from medical records, as were demographic
data such as age, sex, and body mass index. RT-PCR
analysis of nasopharyngeal swab tissues yielded
positive findings for COVID-19. Patients with severe
COVID-19 are identified by clinical symptoms and an
oxygen saturation of less than 93 percent. At the outset
of therapy, patients’ ferritin levels were examined.
Patients with autoimmune illnesses who did not get a
ferritin screening during their initial hospitalization were
excluded from this study.

Data collection

In this study, demographic data, clinical
features, test findings, and patient outcomes were
gathered from medical record documents. Blood
samples are examined using an automated analysis
system to obtain laboratory examinations. The enzyme-
linked fluorescent assay (ELFA) technique was used
to evaluate ferritin levels on the VIDAS Biomerieux
instrument. In adults, the standard range for normal
ferritin levels was 68-434 ng/mL.

Ethical approval

This study was approved by the Dr. M. Djamil
General Hospital, Padang, Indonesia, ethics committee
in 2021.

Operational definition

Positive  cases were  verified using
nasopharyngeal swab specimens and RT-PCR. The
ELFA technique was used to determine ferritin levels. In
adults, the standard range for normal ferritin levels was

68—434 ng/mL. This study consisted of several variables
such as gender (male and female), age, body mass index
(underweight 25 Kg/mm?®, overweight 25-27 kg/m?
and obesity >27 Kg/m?), clinical symptoms (cough,
fever, shortness of breath, hyposmia, and anosmia),
comorbidities (cardiovascular disease, respiratory
disease, malignancy, liver, and kidney disease), oxygen
saturation, and length of stay. The severity of the
disease was divided into mild (symptomatic without viral
pneumonia), moderate (patients with clinical symptoms
of pneumonia without difficulty breathing or SpO2 >
93%), and severe (patients with pneumonia and one
of whom had a respiratory rate > 30x/min, distressed
heavy breathing or SpO2 < 93%).

Data processing and analysis

For categorical data, frequency and percentage
were used, while for numerical variables, the mean was
used. The Chi-square test for categorical variables and
the independent sample t-test for numerical variables
were used to evaluate bivariate analysis hypotheses.
Cutoff value analysis was determined based on area
under curve using receiver operating characteristic
(ROC) curve and survival analysis was assessed using
Cox regression and Kaplan—Meier. Odds ratio values
are interpreted as OR > 1.00 (risk factor), OR < 1,00
(preventive factor), and OR = 1.00 (reference). p < 0.05
was considered statistically significant. SPSS software
version 15 was used to analyze the data.

Results

Characteristics of research subjects

Description of the characteristics of the
research subjects conducted on 142 COVID-19 patients
(Table 1).

Table 1 found based on demographic data, the
number of research subjects with female (55.6%) was
more than male (44.0%). The mean age of the research
subjects was 47.45%15.58 years. BMI of patients
who were underweight (12.7%), normal (59.2%), and
overweight (28.2%).

Clinical characteristics found that the average
subject had two comorbidities with the most comorbid
diabetes mellitus (18.3%) followed by hypertension
(15.5%). The median value of ferritin levels was
268.6 ng/mL with a minimum level of 5.9 ng/mL and a
maximum of 1.200 ng/mL. Ferritin levels <651.02 ng/
mL (68.3%), and ferritin levels >651.02 ng/mL (31.7%)
were found in research subjects.

The average length of treatment for research
subjects was 12 days with the highest degree of disease
severity being moderate disease (62.7%). The results of
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Table 1: Characteristics of research subjects

Variables (%) Mean + SD/

median (min-max)

A. Demographics

Sex, f (%)
Male 63 (44.4)
Female 79 (55.6)
Age (years), mean + SD 47.45 + 15.58
Body mass index (BMI), f (%)
Underweight 18 (12.7)
Normal 84 (59.2) 22.91+6.23
Overweight 40 (286.2)
B. Clinical
Comorbid, f (%)
Hypertension 22 (15.5)
Diabetes mellitus 26 (18.3)
Cancer 5(3.5)
Tuberculosis 2(1.4)
Number of comorbid, mean + SD 1.11+£1.03
Symptom, f (%)
Cough 60 (42.3)
Fever 47 (33.1)
Difficult to breath 66 (46.5)
Nausea 8(5.6)
Anosmia 24 (16.9)
Oxygen saturation (%), mean + SD 95.31+7.66
Ferritin levels group (ng/ml), f (%)
<651.02 ng/ml 97 (68.3)
>651.02 ng/ml 45 (31.7)
Ferritin levels group (ng/ml), median 268.62
(min-max) (5.90-1,200)
Length of stay (days), mean + SD 12.22 +6.46
Severity, f (%)
Severe 26 (18.3)
Moderate 89 (62.7)
Mild 27 (19.0)
Outcome, f (%)
Life 113 (79.6)
Death 29 (20.4)

the study regarding the outcome of subjects who lived or
returned home (79.6%) and the outcome was died (20.4%).

Cut-off value of ferritin on COVID-19 patient
outcomes (Table 2).

Table 2: Cutoff value of ferritin on COVID-19 patient outcomes

Cutoff
651.02 ng/mL

Accuracy (95% Cl)
85.0% (78.0-95.0%)

Sensitivity
79.3%

Specificity
80.5%

Figure 1 shows that the cutoff value of ferritin on
the outcome of COVID-19 patients was >651.02 ng/mL
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Figure 1: ROC curve of ferritin levels during treatment to predict the
outcome of COVID-19 patients

with sensitivity 79.3%, specificity 80.5%, and accuracy
85.0% (78.0%—95.0%).

Research results from the association between
ferritin levels and characteristics of COVID-19 patients
(Table 3).

Table 3 shows significant results (p < 0.05)
between the cutoff ferritin value with age, comorbid
DM, number of comorbidities, difficult to breath, oxygen
saturation, severity, and outcome of the subject. Sex,
BMI, comorbid hypertension, TB, fever, cough, nausea,
anosmia, and length of stay were not significant with
ferritin levels.

Based on the unadjusted hazard ratio, it was
found that the highest HR values for increasing ferritin
levels were the severity of disease (HR 26.6; 95% CI
5.9-120.42), disease outcome (HR 15.85; 95% CI
5.76-43,6), symptoms of difficulty breathing (HR 3.92;
95% CIl 1.84-8.34), comorbid diabetes mellitus (HR
3.27; 95% Cl 1.42-7.52), number of comorbidities
(HR 1.63; 95% CI 1.14-2.34), and age (HR 1.29; 95%
Cl 1.01-1.05). COVID-19 patients who are older and
have multiple comorbidities show a higher risk and
are positively correlated with increased ferritin levels.
Difficulty breathing was the only symptom associated
with elevated ferritin levels in this study. Patients with
severe severity have a greater risk of death compared
to moderate or mild cases.

The adjusted hazard ratio value after being
tested with other characteristic variables consistently
found the severity of disease in COVID-19 patients (HR
37.2; 95% Cl 2.34-590.75) followed by death outcome
(HR 21.2; 95 % CI 3.66—123.35) which correlates with a
higher risk of elevated ferritin levels. Oxygen saturation
(HR 1.16; 95% CI 1.01-1.34) was also a variable that
correlated with higher ferritin levels after the test was
performed.

Research results of ferritin levels during
hospitalization and length of hospitalization in predicting
outcome of COVID-19 patients (Table 4 and Figure 2).

Based on Table 4, the median length of stay for
patients with ferritin levels <651.02 ng/mL was 41 days,
while patients with ferritin levels >651.02 ng/mL were
17 days. The incidence of death in patients with
ferritin levels <651.02 ng/mL was 6.2% and patients
with ferritin levels >651.02 ng/mL were 51.1%. During
hospitalization, there were 29 outcomes of death, of
which 23 people had ferritin levels >651.02 ng/mL.
Based on the results of the survival analysis, it was found
that there was an association between the increase in
ferritin on the outcome of COVID-19 patients as seen
based on the length of stay (p log-rank test = 0.001, p
< 0.05). Based on the HR value, patients with ferritin
levels >651.02 ng/mL had an HR of 8.84 (95% CI; 3.59—
21.73) with respect to the outcome, which indicates
that patients with ferritin levels >651.02 ng/mL had
8.84 times more risk of experiencing a worse outcome
than patients with ferritin levels <651.02 ng/mL.
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Table 3: The association between ferritin levels and characteristics of COVID-19 patients

Characteristics Ferritin levels (ng/mL) p-value Unadjusted HR (95% CI) Adjusted HR (95% ClI)
<651.02 >651.02
A. Demographics
Sex, f (%) 0.199°
Male 39 (40.2) 24 (53.3) 0.58 (0.28-1.20) 2.43(0.77-7.64)
Female 58 (59.8) 21(46.7) 1.70 (0.83-3.46) 0.41(0.13-1.29)
Age (years), mean + SD 453 +£15.9 52.09 + 13.69 0.015 1.29 (1.01-1.05) 1.02 (0.98-1.06)
Body mass index (BMI), f (%) 0.683 a
Underweight 13 (13.4) 5(11.1) 1.01 (0.29-3.51) 2.18 (0.36-13.09)
Normal 55 (56.7) 29 (64.4) 1.38 (0.60-3.17) 0.86 (0.23-3.23)
Overweight 29 (29.9) 11 (24.4) 0.98 (2.84-3.14) 0.46 (0.07-2.75)
B. Clinical
Comorbid, f (%)
Hypertension 14 (14.4) 8(17.8) 0.792a 1.28 (0.49-3.31) 0.71(0.13-3.86)
Diabetes mellitus 14 (14.4) 16 (35.6) 0.008a* 3.27 (1.42-7.52) 0.87 (0.19-3.99)
Cancer 3(3.1) 2 (4.4) 0.652a 1.47 (0.23-9.04) 1.20 (0.11-12.22)
Tuberculosis 0(0) 2(44) 0.099a n/a n/a
Number of comorbid, mean + SD 0.94 +0.89 147 £1.21 0.004b* 1.63 (1.14-2.34) 1.22 (0.64-2.33)
Symptom, f (%)
Cough 42 (43.3) 18 (40) 0.851a 0.87 (0.42-1.79) 0.33 (0.89-1.22)
Fever 30 (30.9) 17 (37.8) 0.538a 1.35(0.64-2.84) 1.52 (0.40-5.72)
Difficult to breath 35 (36.1) 31(68.9) 0.001a* 3.92(1.84-8.34) 2.42 (0.56-10.46)
Nausea 3(3.1) 5(11.1) 0.109a 3.91(0.89-17.17) 7.49 (0.91-61.26)
Anosmia 14 (14.4) 10 (22.2) 0.362a 1.69 (0.68-4.17) 2.60 (0.53-12.77)
Oxygen saturation (%), mean + SD 96.85 + 6.95 92 £8.12 0.001b* 0.91 (0.85-0.96) 1.16 (1.01-1.34)
Length of stay (days), mean + SD 12.61 £ 6.49 11.38 £6.93 0.293b 0.96 (0.91-1.02) 1.04 (0.95-1.14)
Severity, f (%) 0.001a*
Severe 24 (24.7) 3(6.7) 26.6 (5.9-120.42) 37.2(2.34-590.75)
Moderate 67 (69.1) 22 (48.9) 0.99 (0.35-0.27) 0.01(0.01-0.16)
Mild 6(6.2) 20 (44.4) 0.03 (0.08-0.16) 0.02 (0.01-0.42)
Outcome, f (%) 0.001a*
Life 91 (93.8) 22 (48.9) Ref Ref
Death 6 (6.2) 23 (51.1) 15.85 (5.76-43.6) 21.2 (3.66-123.35)

Ref: Reference; n/a: Not account, a: Chi-square test, b: Independent sample t-test. *p < 0.05, considered significant; HR: Hazard ratio.

Table 4: Ferritin levels during hospitalization and length of
hospitalization in predicting outcome of COVID-19 patient

Ferritin levels Mean of length of Outcome p-log HR 95% CI
(ng/mL) stay (min-max) rank test
<651.02 41 (34-47) 6 (6.2%) 0.001 8.84 (3.59-21.73)
>651.02 17 (13-21) 23 (51.1%)
Discussion

The research showed an association between
age and higher ferritin levels in this study. Patients
over the age of 47 are at risk of having elevated ferritin
levels, which can lead to complications. COVID-19
mortality is related with increasing age, according to
the previous study. The severity of COVID-19 iliness is
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Figure 2: Kaplan—Meier of ferritin levels during hospitalization and
length of hospitalization in predicting outcome of COVID-19 patient

mostly determined by the patient’s age. People above
the age of 65 have a 23-fold higher risk of death than
those under the age of 65 [6].

With advancing age, the immune system’s
reaction decreases and slows, disrupting the process
of pathogen detection, signaling, destruction, and
clearance. More infected cells and the production of
greater inflammatory cytokines result from defects in
macrophages and T cells, which can cause more harm
to organ systems [6]. In monkeys, inoculation with
SARS-CoV-2 elicited a higher innate immune response
in the young than in the young adults, with variations
in the expression of genes linked to inflammation.
Interferon beta-type 1 expression dropped, but T- and
B-cell production and activity increased, making them
less able to regulate viral replication and prolonging
inflammation [5].

This study found that diabetes mellitus
was the only statistically significant risk factor.
COVID-19 patients who have one or more comorbid
diseases have significantly higher ferritin levels than
patients without comorbidities, indicating a poor
prognosis in patients with comorbidities [2]. One
previous study reported greater inflammation and
higher mortality in COVID-19 patients with comorbid
diabetes mellitus, another study observed that patients
with diabetes mellitus had higher ferritin levels than
those without. This study found the second highest
frequency of comorbid diabetes mellitus (19.0%) after
hypertension (30.0%).

The clinical symptoms of many
COVID-19 patients found in this study were difficulty
breathing, coughing, and fever, but the only significant
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symptom associated with this was difficulty breathing.
This is probably due to a bias in the selection of sample
criteria. Previously, there were also no reports that
explained the effect of difficult of breath symptoms on
the outcome of COVID-19 patient [7], [8].

Based on the ROC curve in this study, the
cutoff value of ferritin as a marker for the outcome of
COVID-19 patients was 651.02 ng/mL. Patients with
ferritin levels >651.02 ng/mL had an 8.84 times greater
risk of poor outcome and mortality. A previous study
found that the cutoff value was not much different,
namely, 727 ng/mL to predict a poor outcome in
COVID-19 patients [3]. Another study in Utah, USA,
found an optimal cutoff of ferritin 714 ng/mL as a
predictor of mortality outcome in COVID-19 patients
and ferritin levels of 502 ng/mL as a predictor of
ventilator dependence [9], [10]. Slightly different from
other study, the ferritin cutoff level was higher for the
mortality outcome, namely, 1.873 ng/mL [11].

A study showed that patients with elevated
ferritin (2500 ng/mL) had a risk of disease severity
and death in COVID-19 patients because bilateral
pulmonary infiltration was more easily and the
disease was more severe, because serum ferritin
levels correlated with the degree of systemic and
pulmonary inflammation [12], [13]. Other study
reported that COVID-19 patients with high ferritin
levels had a higher proportion of disease severity and
mortality (p = 0.016) [14]. COVID-19 patients with
severe cases who did not receive treatment had a
higher proportion of elevated ferritin than patients with
mild cases and received treatment (p < 0.001) and
stated that ferritin is a potential risk factor for the poor
prognosis of COVID-19 patients [15].

Ferritin levels increased in patients who died
with COVID 19, the average ferritin level in severe
severity was >800 g/L, which was 1.5-5.3 times higher
than in cases with mild severity [8]. Ferritin levels were
327.7 ng/mL in mild cases, 1.555 ng/mL in moderate
cases, and 2817.6 ng/mL in severe cases. There was
a significant difference between mild cases compared
to moderate cases and severe cases (p = 0.006 and
p = 0.005) [3]. A study involving 141 patients with
COVID-19 reported that hyperferritinemia (serum
ferritin > 500 g/L) was observed in all severe cases at
admission, and mild cases had normal mean ferritin
levels (303 + 224 g/ml); In addition, severe cases
and ICU patients had higher ferritin levels than mild
patients [16].

Serum ferritin is composed of a heavy subunit
“H” and a light subunit “L,” these subunit proteins
play an important role in many diseases, such as
autoimmune diseases and inflammation. Secreted by
hepatocytes and macrophages, ferritin can also activate
macrophages, which increases the secretion of pro-
inflammatory cytokines. Therefore, ferritin is known as
an acute-phase protein. Serum ferritin concentrations

have been found to be elevated in viral diseases, such
as H5N1 influenza and hepatitis B and C [5], [11].

Elevated ferritin levels could be indicative of
a strong inflammatory reaction associated with viral
entry into the human body, cytokine storm syndrome
causing multiorgan failure so that elevated ferritin levels
could be associated with mortality and progression of
severe outcomes in COVID-19 patients [5]. An increase
in ferritin level >700 ng/mL should prompt additional
diagnostic testing so that a therapeutic approach
can be taken without delay and it has been shown
to result in a better patient outcome. Ferritin can be
used as an early identification and risk management
for COVID-19 patients for the occurrence of disease
worsening [17], [18].

This study has several limitations: First,
it did not compare ferritin to other inflammatory
markers in predicting COVID-19 outcome; second,
because it was a retrospective study, hospitalization
data such as laboratory results and previous medical
history may be incomplete, contributing to study
bias, and thus, the characteristics of eligible patients
may not be representative. Third, because the data
in this study came from patients treated at Dr. M.
Djamil General Hospital, which is one of Indonesia’s
national referral hospitals, additional validation
for geographical diversity, prospective, and cohort
studies is required.

Based on the findings of several studies, ferritin
has increased as an acute-phase protein in COVID-19
instances, where a cytokine storm can cause damage to
various organs and result in poor outcomes, suggesting
that ferritin could be utilized as an outcome predictor
in COVID-19 patients to enhance COVID-19 patients’
clinical approaches.

Conclusion

The ferritin cutoff point for predicting poor
prognosis in COVID-19 patients was 651.02 ng/mL.
However, ferritin serum levels cannot be used as a
single predictor in determining the poor outcome of
COVID-19.
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