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ARTICLE INFO ABSTRACT

Keywords: Background: Ferritin, an intracellular protein, has a pivotal role in immune dysregulation. Hyperferritinemia has
COYI]?-IQ been associated with higher disease severity and adverse clinical outcomes in COVID-19, including mortality. We
Ferritin aimed to study the association of serum ferritin levels with disease severity and clinical outcomes and its severity
Risk factor c . S1s .

SARS.-CoV-2 prediction potential in COVID-19 patients.

Severity Methods: This retrospective study included 870 adult patients with symptomatic COVID-19 infection hospitalized

between July 1, 2020 to December 21, 2020. All the patients had a positive polymerase chain reaction test result
of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2).

Results: The median age was 55 (IQR:40, 65) years with a male predominance [66.32% (n = 577)], among 870
COVID-19. Of these, 413 (47.47%) had mild COVID-19, and 457 (52.53%) had moderate plus severe COVID-19
disease. Median ferritin levels were significantly high in moderate to severe COVID-19 infection compared to
mild [545.8 (326.0, 1046.0) vs 97.3 (52.65-155.5) (p = 0.001)], and in patients who developed a complication
compared to without complications [380 (177.05, 863.15) vs 290 (110.9, 635) (p = 0.002). A slight elevation in
median ferritin levels was observed in patients who had an ICU stay than non-ICU [326 (129.8, 655) vs 309
(119.1, 684) (p = 0.872)]. The cut-off for ferritin was identified at >287.4 ng/ml for mild versus moderate plus
severe COVID-19 infections.

Conclusion: Moderate to severe COVID-19 patients have elevated ferritin levels. Patients with more than 287.4
ng/ml ferritin value would have greater chances of developing moderate to severe COVID-19 infections.

1. Introduction

Human ferritin is a shell protein that has iron in its core.’ It is made
up of variable ratios of the two types of subunits, ferritin light chain
(FTL) and ferritin heavy chain (FTH).>® This ratio is regulated in the
body, and the FTH subunit increases during inflammatory responses,
especially in the heart and kidney, and helps in converting the ferrous
iron into the ferric form. The FTL subunit is more readily available in the
liver and spleen and takes a lead role in storing iron."

Elevated levels of ferritin in the systemic circulation are considered a
double-edged sword in acute-phase response as well as in inflammation.
Being an acute-phase reactant, hyperferritinemia can be noted in many
acute and chronic inflammatory conditions, which may be due to the
release from intracellular stores which have been damaged.” Once
released, ferritin is degraded and releases excess free iron, which favors
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the growth and replication of many viruses like the Hepatitis C Virus and
Human Immunodeficiency Virus.>® Many regulatory and functional
proteins of the severe acute respiratory syndrome coronavirus 2 (SAR-
S-CoV-2) virus utilize iron.” Ferritin level has been strongly correlated
with COVID-19 disease severity.®” Hyperferritinemia has been observed
as an independent factor associated with high mortality rates in
COVID-19 infections.'%!! Studies have reported hyperferritinemia as a
poor prognostic predictor in COVID-19 patients.g’lz’13 Despite the strong
association with mortality, it is not yet clear whether hyperferritinemia
is a biomarker of disease progression or an essential modulator in the
pathogenesis of the disease.” Another argument is in spite of the avail-
ability and affordability of ferritin tests, it is often a neglected tool for
predicting the prognosis of COVID-19.° Many clinicians depend mainly
on interleukin-6, C Reactive Protein, and D-dimer as a biomarker for
severe COVID-19 disease [9]. Moreover, certain studies reported that
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although many COVID-19 patients have hyperferritinemia, increased
levels of ferritin are not reliable outcome predictors.M’15 Therefore, this
study was carried out to find the pragmatic utility of ferritin as a serum
biomarker in COVID-19, which might help appropriately in triaging the
patients at the time of admission. Moreover, the study fills the gap of the
scarcity of data on ferritin application in COVID-19 disease from our
study settings, especially in the Southern part of the country.

2. Methods
2.1. Patients and study design

This retrospective study was initiated after the approval from the
Institutional Ethics Committee of Kasturba Medical College and Kas-
turba Hospital (IEC KMC&KH) with Reference number IEC 735/2020.
The study has been registered in the Clinical Trials Registry of India
(CTRI/2021/06/034428). We included patients who were symptomatic
of COVID-19 infection and were hospitalized between July 1st, 2020 to
December 21st, 2020 at our tertiary care center in the coastal part of
South India. The study was completed in compliance with the World
Medical Association Declaration of Helsinki. All patients selected in the
study had a positive polymerase chain reaction (PCR) test result of
SARS-CoV-2. Patients aged below 18, with iron deficiency anemia,
anemia of chronic disease, liver cirrhosis, known or newly detected
malignancies, acute myocardial infarction, acute inflammatory condi-
tions like acute pancreatitis, sepsis due to any other cause, and pregnant
women were excluded from our study. All the patients included in the
study were classified as mild, moderate, severe, and critical COVID-19 at
the time of admission, using the national guidelines provided by the
Indian Council of Medical Research (ICMR) which were similar to the
WHO guidelines. The patients with mild symptoms who did not require
any oxygen support and oxygen saturation on room air >94% were
taken as a non-severe category, while the patients with moderate, se-
vere, and critical symptoms who required oxygen support and required
intensive care unit admission at any time during their hospital stay were
taken as a severe category.

2.2. Data collection

The history, demographic features, clinical characteristics, epide-
miological information including recent contacts, any history of travel,
duration of illness at admission, comorbidities such as type 2 diabetes
mellitus (T2DM), hypertension (HTN), chronic kidney disease (CKD),
etc., laboratory findings including hemoglobin (Hb), white blood cell
count (WBC), platelets, absolute lymphocyte count (ALC), ferritin, blood
and urine cultures, procalcitonin and treatment regimen were obtained
from the hospital database. In addition, ECG, 2D ECHO, chest X-rays,
and computer tomography (CT) scan reports if done, were retrieved
from electronic medical records and analyzed. The details of hospital
transfers and discharges were retrieved from medical records.

2.3. Laboratory confirmation and treatment

A nasopharyngeal throat swab for COVID-19 RT-PCR was done for all
the patients in the study in the hospital virology lab using the TRUPCR
RT gPCR kit. These RT-PCR assays performed were in accordance with
the protocol established by the ICMR guidelines which were on par with
the WHO guidelines regarding SARS-CoV-2 infection.

2.4. Statistical analysis

Descriptive statistics were used to summarize the data. Normality
was assessed using the Kolmogorov-Smirnov test and Shapiro-Wilk test.
Normally distributed data were expressed in mean +SD and a t-test was
used to compare the mean. Non-normal distribution was expressed in
median (25th and 75th quartiles) and the Mann-Whitney U test was used
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to analyze the difference between the medians of the two groups. Cat-
egorical variables were analyzed using the chi-square test. Multivariate
analysis was performed using logistic regression to identify the risk
factor that could influence the severity of COVID-19 infection. The
severity of COVID-19 was categorized into two groups: mild and mod-
erate plus severe. Age, gender, various comorbidities, and biochemical
parameters were the variables considered for univariate analysis. For
each independent variable, the odds ratio (OR, 95% CI) was determined.
p-value <0.05 was deemed statistically significant. The receiver oper-
ating characteristic curve (ROC) was used to derive the cut-off value for
ferritin levels in patients with mild versus moderate plus severe COVID-
19 infection. A p-value <0.05 indicated statistical significance. Data
were analyzed using Microsoft Excel, IBM Statistical Package for the
Social Sciences (SPSS) statistics 22, and R v4.1.

3. Result
3.1. Patient characteristics with ferritin status

Eight hundred seventy patient data were collected, with a median
age of 55 (40, 65) years and a male predominance of 66.32% (n = 577).
On presentation, 58.85%, 36.21%, and 30.46% had fever, cough, and
breathlessness, respectively. The average number of days since the onset
of symptoms was 11.07 + 6.41. Diabetes mellitus and hypertension
were the two most common comorbid conditions, followed by ischemic
heart disease (IHD) and chronic kidney disease (CKD). The median
ferritin level in the study population was 315.55 ng/ml. Of the 870
patients, 413 (47.47%) had mild COVID-19, and 457 (52.53) had
moderate plus severe COVID-19. Baseline demographic and clinical

Table 1
Demographic and clinical characteristics of study participants.
Parameters Patients with Patient with p- Total
normal ferritin abnormal value patients
levels (n = 303) ferritin levels (N = 870)
(n = 567)
Age® 50 (30, 64) 57 (45, 65) 0.001° 55.0 (40,
65)
Gender
Male 181 (59.74) 396 (69.84) 0.003° 577
Female 122 (40.26) 171 (30.16) 293
Comorbidities [n (%)]
T2DM 103 (33.99) 284 (50.08) 0.001°¢ 387
HTN 109 (35.97) 272 (47.97) 0.001°¢ 381
IHD 54 (17.82) 98 (17.28) 0.842° 152
CKD 24 (7.92) 83 (14.64) 0.004° 107
COPD 6 (1.98) 19 (3.35) 0.249° 25
Clinical feature [n (%)]
Fever 167 (55.11) 345 (60.85) 0.102° 512
Cough 89 (29.37) 226 (39.86) 0.002° 315
Breathlessness 64 (21.12) 201 (35.25) 0.001° 265
Myalgia 34 (11.22) 77 (13.85) 0.320° 111
Loose stools 32 (10.56) 42 (7.41) 0.112¢ 74
Sore throat 33 (10.89) 20 (3.53) 0.001¢ 53
Anosmia 14 (4.42) 27 (4.76) 0.925° 41
Ferritin® (ng/ml) 97.3 545.8 (326.0, 0.001" 315.55
(52.65-155.5) 1046.0) (122.52,
678)
Hb" (g/dl) 12.6 (11.45, 14.0) 12.5 (10.6, 0.791° 12.55
14.0) (10.9,
14.0)
WBC" (x 103/pL) 6200 (4850,8500) 8050 (5800, 0.180" 7100
12,100) (5300,
10,800)
Platelets” 2.15 (1.75, 2.70) 2.19 (1.56, 0.817° 2.17 (1.61,

(Lakhs/ml) 3.00) 2.91)
ALC’ (x 10%/pL) 1.33 (0.88, 1.89) 0.94 (0.60, 0.390"  1.08 (0.69,
1.46) 1.65)

# Median (Interquartile range).
b Mann Whitney U Test.
¢ Chi-square Test.
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characteristics are given in Table 1.
3.2. Risk factors for severity of COVID-19

Multivariate analysis was performed to identify the risk factor that
could influence the severity of COVID-19 infection. Patients were cate-
gorized as 18-64 and 65-81 years based on age. And based on ferritin
levels, patients were grouped into the normal range (female:10-120 ng/
ml, and male: 20-250 ng/ml) and the abnormal range. Age, ferritin
levels, T2DM, CKD, and IHD were the only variables in our data that
were significantly associated with the severity of COVID-19 infection
(Table 2).

3.3. Ferritin levels and COVID-19

The median ferritin levels in the study population were 315.55 ng/
ml, with 303 patients having ferritin levels within the normal range
(female:10-120 ng/ml, and male: 20-250 ng/ml). A significant differ-
ence was observed in the median ferritin values between patients with
mild (n = 413), moderate (n = 210), and severe (n = 247) COVID-19
infection (p = 0.001). Fig. 1 represents the correlation of ferritin levels
with COVID-19 clinical severity. The cut-off for ferritin was identified at
>287.4 ng/ml (Youden index: indicating the point of maximum sensi-
tivity plus specificity) for mild versus moderate plus severe COVID-19
infections (Fig. 2).

3.4. Ferritin levels and clinical outcomes

129 (14.83%) patients had died due to COVID-19 infection, and ICU
admission was observed in 245 (28.16%) patients during the hospital
stay with an average duration of 8.2 + 4.92 days. 219 (25.17%) patients
developed a complication during their hospital stay. Among the com-
plications, 58 (26.48%), 52 (23.74%), and 40 (18.26%) patients devel-
oped multiple organ dysfunction (MODS), acute kidney injury (AKI),
and sepsis with septic shock, respectively. Fig. 3 depicts the various
complications and median ferritin levels observed in the patients.
Table 3 shows the different clinical outcomes and their median ferritin
levels.

4. Discussion

In this study, the median age of the COVID-19 patients was 55 years
with a male predominance, similar to various other studies. The possible

Table 2
Independent risk factors of moderate plus severe COVID-19 using univariate and
multivariate logistic regression analysis.

COVID-19 infection
severity

Crude odds ratio
(95% confidence
interval)

Risk factors Adjusted odds ratio
(95% confidence

interval); p-val
Mild  Moderate interval); p-value

plus Severe

Age
18-64 343 279 3.13 (2.27-4.30)  2.31 (1.57-3.39);
65-81 70 178 0.001

Ferritin
Normal 231 72 6.79 (4.94-9.33)  7.39 (5.15-10.60);
range
Abnormal 182 385 0.001
range

T2DM
No 290 193 3.23 (2.44-4.27)  1.96 (1.39-2.79);
Yes 123 264 0.001

CKD
No 389 374 3.59 (2.4-5.79) 2.07 (1.204-3.575);
Yes 24 83 0.009

IHD
No 373 345 3.03 (2.05-4.47)  2.15(1.33-3.47);
Yes 40 112 0.002
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Fig. 1. Correlation of ferritin levels with severity of COVID-19.
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Fig. 2. Receiver operating characteristic curve analysis for ferritin levels in
patients with mild versus moderate plus severe COVID-19 infection.

reasons for the gender discrepancy could include differences in social
habits, comorbid conditions, and psychological and social characteris-
tics.'® The results of our study show that increasing age and the presence
of comorbidities such as T2DM, CKD, and IHD can significantly influ-
ence the severity of the infection.

The major finding of our study show that median ferritin levels were
significantly high in moderate to severe COVID-19 infection compared
to mild [545.8 (326.0, 1046.0) vs 97.3 (52.65-155.5) (p = 0.001)], and
in patients who developed a complication [380 (177.05, 863.15) vs 290
(110.9, 635) (p = 0.002)]. Slight elevation in median ferritin levels was
observed in patients who had an ICU stay [326 (129.8, 655) vs 309
(119.1, 684) (p = 0.872)]. A recent systematic review of 163 studies
concluded that high serum ferritin levels were associated with more
severe disease and poor outcomes in COVID-19 infection.” Pasini et al.,
2021 studied the various metabolic parameters in patients who suffer
from long- COVID syndrome (fatigue, muscle weakness, dyspnoea).
They identified several parameters including ferritin, D-dimer, and
erythrocyte sedimentation rates were elevated.!” Elevated ferritin levels
were also identified in the autopsy reports of COVID-19 patients.'®
Although several other studies report an association between ferritin
levels and survival, we found no association between the two. 2!

Iron in the body is primarily stored in the form of ferritin which is an
intracellular protein. Ferritin being a positive acute phase reactant,
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Fig. 3. Ferritin levels in the various clinical complications of COVID-19.

Table 3

The various clinical outcomes of COVID-19 with median ferritin levels.
Clinical outcome No. of patients Median ferritin p-value
With complications n =219 380 (177.05, 863.15) p =0.002
Without complications n =651 290 (110.9, 635)
With ICU stay n =245 326 (129.8, 655) p=0.872
Without ICU stay n = 625 309 (119.1, 684)
Non-survivors n =129 309.9 (132.7, 660) p=0.798
Survivors n =741 315.7 (121.5, 678)

hyperferritinemia could be used to assess the physiological response to
inflammation. In the presence of hyperferritinemia, ferritin could be a
reason for immune dysregulation by promoting an inflammatory
response and immune suppression that leads to cytokine storm.?’
Although the exact cause for elevated ferritin in COVID-19 infection is
unknown, it could be influenced by cytokine release or cellular damage
that results in the leakage of intracellular ferritin.”>?* It has been pre-
viously shown that ferritin is a direct indicator of cellular damage sug-
gestive of an association between organ damage and ferritin production.
This could later cause cell death, known as ferroptosis. It is suggested
that inflammation associated with sepsis could alter iron metabolism
and deficiency to facilitate the immune system, which could be an early
sign of COVID.?* The excess iron can also lead to fibrin polymerization
and induce a pro-coagulant state.” Moreover, elevated ferritin levels
may result in excess production of reactive oxygen species and oxidative
stress that can cause tissue toxicity.?> Ferritin not only enhances
inflammation, but it also has a pathogenic role in the process of
inflammation by binding with the mucin domain 2 and T-cell immu-
noglobulin and encouraging the expression of various pro-inflammatory
mediators. In addition, some research has shown that the H chain of
ferritin facilitates the release of inflammatory cytokines by the
macrophages.°

We report a ferritin cut-off value of 287.4 ng/ml with a sensitivity of

73.3% and specificity of 69.73% (AUC 0.776). Indicating that people
having ferritin values more than 287.4 ng/ml would have greater
chances of developing moderate to severe COVID-19 infections. Simi-
larly, Bozkurt et al., 2021 reported that in ROC analysis, the level of
ferritin >264.5 ng/ml predicted severe COVID-19 with 73.9% sensi-
tivity and 94.2% specificity.”* Likewise, Cao et al. identified a ferritin
cut-off value at 272.5 ng/ml with 96% sensitivity and 70% specificity.?’
Considering this, it could be said that hyperferritinemia is a risk factor
for increased severity of COVID-19 infection. Therefore, appropriate
measures such as the use of iron chelators, and dietary iron intake al-
terations could be considered in patients presenting with COVID-19.

The major advantage of our study is the sample size of 870 patients.
While the limitations of our study are, mainly the retrospective nature of
the study. Also, only the baseline ferritin levels were estimated, and did
not assess the subsequent levels or availability of the pre-COVID-19
ferritin levels.

5. Conclusions

Early ferritin estimation could indicate the severity of COVID
infection and outcomes. Ferritin being a commonly tested biomarker is
readily available in most laboratory settings and relatively inexpensive.
We suggest measurement of ferritin levels on presentation with the
disease, which could help understand the intensity of the disease and
enhance treatment outcomes. The clinical implication of our study is
that ferritin could serve as a very simple and cost-effective indicator to
detect severe COVID-19 patients in the early phase itself as well as help
to predict their clinical outcome. Therefore, serum ferritin can be
considered a reliable tool to provide guidance for subsequent treatment.
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