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ABSTRACT

Background: The COVID-19 disease caused by the SARS-CoV-2 virus, has toppled the world since first case noted in 2019, and the
cases have been increasing there after. This grave effect is caused by the cytokine storm induced inflammation produced by the
noxious virus. As it is an inflammatory state, various acute phase reactants are expected to raise; thus serum ferritin is contemplated
to increase. Here we aim to anchor serum ferritin as a way marker for diagnosis and management of COVID-19 patients and study
its role as a prognostic marker. Another aspect is the association of COVID-19 with the N: L ratio; observation has stated that higher
N: L ratio results in more severe outcome. The study aimed to establish a correlation of COVID-19 severity with serum ferritin in the
form of HRCT Score, N: L Ratio and Clinical Outcome in the patients admitted in Intensive Care Unit. Result: Out of 200 patients
who were admitted in the intensive care unit with COVID-19, the association of serum ferritin with N: L Ratio and HRCT Score
was significant, and the association of serum ferritin with clinical outcome in terms of discharged and expired was found to be
statistically significant. Conclusion: Serum ferritin was found to be a potent marker for clinical outcome in intensive care unit
patients in terms of death versus treated. HRCT Score and N:L ratio were found to be correlated with serum ferritin. Therefore, we
conclude that serum ferritin may determine the severity of COVID-19 infection and it can be used as a marker for Clinical Outcome
thereby making it an often neglected biomarker for predicting prognosis in COVID-19 with most of the physicians focusing mostly
on interleukin 6, C Reactive protein and d dimer as a marker of severe COVID infection.
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Since the commencement of the pandemic, COVID-19 has been
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intensive care management in the patients and aid in efficient
management of the patient. The rise in Interleukin 1, 2, 6, 7 and
Tumour necrosis factor (INF) upshots the storm produced in
COVID-19. As it is an inflammatory condition, the various acute
phase reactants have been expected to rise in the inflammatory
state of the disease.”! Hence, an eagle s eye on serum fertitin,
ESR, CRP could possibly enable to foretell the cytokine storm
and aid in reduction of mortality caused by COVID-19.

Along with its aggressive spread, it has a great impact of morbidity
and mortality. The virus is studied to evoke severe inflammatory
response that leads to production of cytokine storm which results
in significant irreversible multi organ damage and thus increase the
rates of morbidity and mortality. The embarkment of cytokine storm
also results in respiratory compromise resulting in development
of hypoxia.?l Thus, by analysing this cytokine storm before its
appearance, a good amount of death rates could be brought to a
standstill. As cytokine storm is an inflammatory response, vatious
acute phase reactants like serum ferritin will be altered. A constant
check on the serum ferritin level will help us anticipate the cytokine
storm and aid in prompt management and thereafter assist in
optimum care of these patients. Serum ferritin is generally used as a
marker for anaemia, but in severe inflammatory state, hepcidin levels
raise in the body." Hepcidin plays a pivotal role in iton metabolism.
Hepcidin inhibits the uptake of iron for haematopoiesis, as the level
of hepcidin raises, iron cannot be utilised for haematopoiesis as a
result serum ferritin levels raise in the body since it is the storage
form of iron in body. This raised serum ferritin levels hence can be
used as a prognostic tool for the patents.?

In a rural setting, due to monetary limitation, it is difficult
to carry out expensive investigations for the diagnosis and
prognosis of COVID-19 infection. As a result, a substantial
amount of individuals with symptoms of COVID-19 do not
visit the hospital and attain medical intervention. Availability
of a cheaper alternative that can be easily accessible in the rural
hospital and will provide effective results will prove beneficial
to the medical fraternity and the patients too. Serum ferritin
could serve this purpose in the rural settings and help to curb
COVID-19 associated mortality.

In this study an attempt is being made to correlate serum ferritin
levels with HRCT score, Neutrophil: lymphocyte ratio, anticipate
the cytokine storm and analyse the prognosis of the patient. It
will serve as an ideal tool for the management of these critically ill
patients and thus reduce the mortality and morbidity associated.

The global pandemic SARS- COV-2 is distinguished by a diverse
clinical course. Although the mass patients experience only mild
symptoms, a major share advances to severe disease progression.
Such that they may present with hypoxia initially or even
respiratory distress. The considerable number of patients that
presented with severe symptoms have worn out intensive care
capacities to an unmatched range. Due to its unpredictable course
and lack of sufficient predictors of the severity of COVID-19,
parameters that enable to ensure the severity is essential Patients
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with PCR proven symptomatic COVID-19 infection hospitalized
at our institution from 10™ may 2020 10™ may 2021 were analysed
for baseline clinical and laboratory findings.

Study population, setting and data collection

Aim

Serum Ferritin and it’s correlation with severity of COVID-19
in terms of HRCT score, N: L. Ratio and its Outcome.

Objectives

1. To access serum ferritin levels in COVID-19 patients having
moderate to severe disease.

2. To correlate serum ferritin level with oxygen saturation,
HRCT Score and need for oxygen- nasal versus NIV.

3. To correlate serum ferritin with other acute phase
reactants.

4. 'To study the outcome of COVID-19 such as requirement
of ventilator, mortality and ICU Stay.

Methods

Study population, Setting and Data Collection: -

Patients having symptoms of COVID-19 infection and were
tested positive with Reverse Transcriptase Polymerase Chain
Reaction, admitted in the ICU settings of Acharya Vinobha
Bhave Rural Hospital, Sawangi, Wardha were enrolled in this
study.

200 patients were ultimately identified and included in our study
after receiving ethical clearance — TEC/2021/337.

Inclusion criteria

As per AIMS Criteria moderate/severe criteria.

Moderate criteria
Any one of the following

* Respiratory rate >24 breaths per minute
e Spo2 less than 94 percent on room air

Severe criteria
Any one of the following

e Respiratory rate more than 30 breaths per minute
e Saturation less than 90 percent on room air

Serum ferritin, HRCT, Serum neutrophil: lymphocyte ratio was
done for all the enrolled patients on admission and all patients
were admitted in the intensive care unit.

Exclusion criteria

*  Asymptomatic COVID infection.
*  Mild COVID infection
e <18 years age excluded
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Patients who were on steroids previously for any illness as it
might affect the N: L. Ratio.

Demographic Data, comorbidities, information, laboratory

results and outcome was followed for all these 200 patients.

Laboratory measurements

Reverse Transcriptase Polymerase Chain Reaction (RTPCR)
for SARS-CoV 2, collected from the 200 patients admitted
in Acharya Vinoba Bhave hospital and testing carried out by
The Clinical Laboratory of Jawahatlal Nehru Medical College,

Sawangi has been included.

RTPCR detection of COVID-19 in the throat and nasal swabs
was done. The laboratory has been authorized by the ICMR for
conduction testing for COVID-19. RTPCR was done by Quant
Studio 5 using meril COVID-19 onestep RTPCR kit.

The kit comprised of COVID-19 enzyme mix (lyophilized),
COVID-19 primer probe mix, enzyme mix buffer, COVID-19
PCR positive control and COVID-19 negative control (DEPC
treated H20).

Serum ferritin was detected using the VITROS 5600 integrated
system, that is aimed on the principle of electrochemiluminescence
immunoassay. This kit consists of elecsys ferritin, ferritin reagent,

and calset.

Study definition

Only Severe and Critical Patients were enrolled in the study who

were admitted in intensive care unit.

Severe was defined as a patient who had shortness of breath
with respiratory rate greater than 30 breaths/minute or had less
than 93 percent oxygen saturation at room air on rest ot pao2/
fio2 less than 300 mm of hg.

The critical Patients were defined as the patients that had
respiratory failure or shock or had any organ failure.

Statistics

To summarize the demographic data, we applied Descriptive
statistics. Medians and interquartile ranges or counts and
frequency or means with standard deviations were used to
interpret the results. To detect the significant differences among
stratifications One-way ANOVA was used and Software SPSS

v23 was used to analyse the statistical data

One-way ANOVA was applied to detect significant differences
among stratifications. Software SPSS v23 was used to scrutinize
the statistical data.
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Results

A total of 200 patients who were COVID-19 Positive by RT-PCR
report of the Nasopharyngeal Swab and Admitted in ICU were
enrolled in our cross sectional study.

HRCT Score, N:L Ratio and Outcome were significantly
associated (p < 0.05) with Serum Ferritin (ng/mL) as shown in
Figure 1 and Table 1.

Table 2 depicts the association of serum ferritin with HRCT
score suggesting that it is significantly associated.

The above scatterplot depicts the correlation between HRCT
Score and Serum Ferritin [Figure 1].

Each Individual point represents individual cases. The general
trend of the correlation between those two variables is
represented by blue trendline and 95% confidence interval is
shown by the shaded grey area.

To establish the correlation between the two variables
Non-parametric tests (Spearman Correlation) were used as the
variables were not distributed informally.

Also, a statistically significant (rtho = 0.17, P = 0.018), weakly
positive correlation was marked between HRCT Score and Serum
ferritin (ng/mL).

For each 1 unit rise in HRCT Score, the Serum Ferritin (ng/mL)
increases by 12.13 units.

Relatively, for each 1 unit increase in S. Ferritin (ng/mL), the
HRCT Score increases by 0.00 units.

The above scatterplot establishes the correlation between N: L
Ratio and Serum Ferritin [Figure 2.

Table 1: Association between Serum Ferritin (ng/mL)
and Parameters

Parameters Serum Ferritin (ng/mL) P
HRCT Scote*** Correlation 0.018!
Coefficient (rho)=0.17
N: L Ratio*** Correlation 0.002!
Coefficient (tho)=0.23
Outcome*** 0.007°
Discharged 438.431490.23
Expired 616.98+484.72

*#*Significant at P<0.05, 'Spearman Correlation, *Wilcoxon-Mann-Whitney U Test

Table 2: Correlation between HRCT Score and Serum
Ferritin (ng/mL) (n=200)
Spearman Correlation Coefficient P

HRCT Score vs Serum 0.2 0.018
Ferritin (ng/mL)

Correlation
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Figure 1: Scatter graph showing association of serum ferritin with
HRCT score

Each Individual point constitutes individual cases. The general
trend of correlation between the two vatiables is marked by the
blue trendline and 95% confidence interval of this trendline is
indicated by the shaded grey area.

In order to explore the correlation between the two variables,
Non-parametric tests (Spearman Correlation) were used, As they
wete not normally distributed.

A statistically significant (rho = 0.23, P = 0.002), weakly positive
correlation between N: L Ratio and S. Ferritin (ng/mlL) is
demonstrated As shown in Table 3.

For every 1 unit increase in N: L Ratio, the S. Ferritin (ng/mL)
increases by 59.10 units.

Conversely, for every 1 unit increase in S. Fertitin (ng/mL), the
N: L Ratio increases by 0.00 units.

The graph [Figures 3 and 4] suggests association of serum
ferritin and the outcome of these affected COVID-19 patients.
The graph confirms the direct relation of serum ferritin levels
with the outcome- discharge and mortality.

Discussion

This single centre cross sectional study describes 200 patients
with COVID-19 infection who were admitted in the ICU and
had severe or critical condition. Serum ferritin levels were tested
in all patients at admission. It is postulated that a multifactorial
immune response might be related to the severity of COVID-19.
The result of our study supports this postulate by indication
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Figure 2: Scatter graph showing association of N: L ratio with serum
ferritin

Table 3: Correlation of N:L Ratio with Serum Ferritin
Spearman Correlation Coefficient P

N: L. Ratio vs Serum 0.2 0.002
Ferritin (ng/mL)

Correlation

of increasing serum ferritin levels with increase in severity of
the disease. Thus we have established a connection between
serum ferritin and the severity of COVID-19 disease in terms
of increased HRCT Score, High N: L. Ratio as well as clinical

outcomes.

It was observed that higher serum ferritin were related to Higher
N: L. Ratio and higher CT severity score on HRCT Thorax. Our
findings were different from a study done in Italy where ferritin
was a predictor of severity but not mortality in a two centre
study.l” In vatious studies conducted throughout the wotld it
was found that serum ferritin was one of the important markers
out of inflammatory markers that can be used to determine the
severity of COVID-19 however our study not only shows the
association of serum ferritin with severity but also with morality
in COVID-19 patients admitted in an intensive care unit.l”

Through the study, it was observed that COVID-19 positive
patients with low serum ferritin had mild symptoms and gradually
recovered with symptomatic treatment alone, whereas patients
who had raised serum ferritin level on admission eventually were
hit by the cytokine storm and had to be treated as moderate to
severe category patients with very high suspicion of morbidity
and mortality which was consistent with other studies.”
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Figure 3: The bar graph in Figure 3 depicts the means of Serum
Ferritin (ng/mL) in the 2 different groups (Discharged and Expired)

Thus it could have been evidently stated that estimation
of serum ferritin could have enabled us to anticipate this
cytokine storm and administration of immunomodulators and
anti- inflammatory medication in the right time, would have
reduced the rate of development of associated mortality which
needs further studies and trials to confirm.”

In a study conducted by Kumar S ez a/" it was seen serum ferritin
corelated with the severity of COVID-19 infection by a scoring
system- PIRO scoring,

In a study conducted by Talwar ¢ a/""! it was established that
interluelkin 6 was not correlated significantly with the outcome
of intensive care unit patients who were COVID-19 positive. In
the light of these findings and the findings of our study,serum
ferritin can be an underrated marker which may be used in
assessing outcome in COVID-19 although it's utilization has
been reduced in recent times with other inflammatory markers
like interleukin 6 marking the pathway for treatment and
prediction of outcome.However,further studies are required in
order to fully establish potent markers of COVID-19.

We have established a linear association between serum ferritin
and severity of COVID-19 patients therefore serum ferritin
can be a forgotten biomarker which can be focused upon in
intensive care units of COVID-19 while most clinicians only
focus on biomarkers like C Reactive protein, interleukin 6 and
D-dimer.

In a rural primary health care system many times due to lack of
recent resources, investigations such as interleukin 6, d- dimer
and CRP is not possible. During such times, carrying out simple
serum ferritin test could help us understand the severity of
COVID-19, its probable association with HRCT score and the
related morbidity and mortality.'” Hence, ferritin can prove
pivotal in a rural setting;

Limitations

We have conducted that a cross sectional study only involving
severe and critically ill patients of the intensive care unit. We
have notincluded the treatment strategies in this study hence we
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Figure 4: Bar Graph showing association of serum ferritin with outcome
in Figure 4

cannot comment on the efficacy of various treatment regimens in
COVID-19. Lastly, serum ferritin was not repeated serially hence
we couldn’t report the serial ferritin levels during the recovery
of COVID-19 patients.

Conclusion

Through our study we have concluded that serum ferritin is a
good marker of severity for COVID-19 in an intensive care unit
and can be correlated with HRCT Chest CT severity score N: L
Ratio as well as clinical outcome. This is beneficial as by adding
a simple test for serum ferritin analysis we can predict the course
of disease in COVID-19 and design a tailored management
approach.

Summary

e COVID-19 has been a socio-economic burden in current
times. Due to the associated mortality and morbidity it has
become an important health concern.

e Serum ferritin is an inexpensive and easily available
biochemical investigation.

*  Due to its easy accessibility, serum ferritin can be used as an
ideal prognostic marker for COVID-19 patients.

e Through the study, it has been emphasized that
ferritin not only suggests the patients to be positive
for COVID-19 infection but the range of ferritin also
allows to grade the severity of the cytokine storm
associated.
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