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/Abstract \

Introduction

Coronavirus disease (COVID-19) is an infectious disease caused by the SARS-CoV-2 virus. The
outbreak of SARS-CoV-2 was considered to have originally started via a zoonotic transmission
associated with the seafood market in Wuhan, China. Later it was recognized that human to human
transmission played a major role in the subsequent outbreak. The Inflammatory responses caused
by viral replication of SARS-CoV-2 with cellular destruction can recruit macrophages and
monocytes and lead to the release of cytokines and chemokines.These inflammatory markers then
attract immune cells and activate immune responses, leading to cytokine storms .Many such
inflammatory markers have been attributed to determine the severity of SARS-CoV-2 disease and
mortality associated with it. The Inflammatory markers such as serum ferritin, erythrocyte
sedimentation rate (ESR), C-reactive protein (CRP) and interleukin-6 (IL-6) have been reported to
be significantly associated with the high risks of the development of severe COVID-19 disease.

Aims and objectives

The aim of the study was to find out correlation between inflammatory markers and HRCT chest
severity in hospitalised COVID-19 patients.

Results and conclusion.

The study supported the existing data that high load of inflammatory markers is associated with
more severe COVID-19 lung disease and indirectly high mortality ,out of four inflammatory
markers which included D Dimer ,IL6,Serum ferritin and LDH we found three markers IL6,Serum
ferritin and LDH has significant relation with CT severity
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Introduction

Coronavirus disease (COVID-19) is an
infectious disease caused by the SARS-CoV-2
virus. The outbreak of SARS-CoV-2 was
considered to have originally started via a
zoonotic transmission associated with the
seafood market in Wuhan, China. Later it was
recognized that human to human transmission
played a major role in the subsequent outbreak
[1]. The novel coronavirus designated as
SARS-CoV-2 after emerging in the city of
Wuhan, China caused an outbreak of unusual
viral pneumonia. Being highly transmissible,
this novel coronavirus disease has spread fast
all over the world [2, 3]. On March 11, 2020,
the WHO declared COVID-19 a global
pandemic [4]. The clinical presentation of
SARS-CoV-2 vary from asymptomatic
carriers to patients requiring assisted
ventilatory support, and ICU admissions with
increased mortality which is an unusual and
unprecedented challenge [5,6].

High-resolution non contrast Computerised
Tomography (HRCT) chest imaging plays an
important role in the early disease detection
and quantification of disease severity by using
scoring system, particularly in patients with
false-negative RT-PCR results, as well as in
managing and monitoring the course of disease
[7].Prognosis can also be affected by the
severity of the disease in the critically ill
patients allowing appropriate selection of early
involvement of the intensive care [8,9]. Studies
have explored the pulmonary involvement on
the chest CT images using both visual and
software quantitative assessments [10].

Severe or critical SARS-CoV-2 is strongly
linked with mortality[11] and the high
mortality rate amongst these cases is linked
with  SARS-CoV-2 infection-induced hyper
inflammation of the innate and adaptive
immune systems and the resulting cytokine
storm, a cytokine release syndrome (CRS)-like
syndrome in severe/critical COVID-19 cases
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[12,13,14,15]. Studies have reported that the
inflammatory parameters are closely linked to
the COVID-19 severity and mortality
[16,17,18,19].

With each passing day of COVID 19 Pandemic
evidence is accumulating that inflammatory
responses play an important role in the severity
of COVID-19. The Inflammatory responses
caused by viral replication of SARS-CoV-2
with  cellular  destruction can recruit
macrophages and monocytes and lead to the
release of cytokines and chemokines.These
inflammatory markers then attract immune
cells and activate immune responses, leading
to cytokine storms .  Many inflammatory
markers have been attributed to determine the
severity of SARS-CoV-2 disease and
mortality associated with it. The Inflammatory
markers such as serum ferritin, erythrocyte
sedimentation rate (ESR), C-reactive protein
(CRP) and interleukin-6 (IL-6) have been
reported to be significantly associated with the
high risks of the development of severe
COVID-19 disease. IL-6, is a pleiotropic
cytokine important in regulating
immunological and inflammatory responses.
Abnormally increased levels of such cytokines
or chemokines can cause tissue damage,
resulting in respiratory and multiple organ
failure [20,21,22]

Patients with severe diseases have been
reported to have increased plasma
concentrations of proinflammatory cytokines,
including interleukin (IL)-6, IL-10,
granulocyte-colony stimulating factor (G-
CSF), monocyte chemoattractant protein 1
(MCP1), macrophage inflammatory protein
(MIP) 1a, and tumour necrosis factor (TNF)-a
[23,24,25].

The Patients with severe COVID-19 disease
may lead to formation of blood clots, which
leads to vessel constriction and ultimately can
result in pulmonary embolism or large-vessel
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ischemic stroke, in addition to ischemia in
fingers and toes [26,27].

Aims and objectives

The aim of the study was to find out correlation
between inflammatory markers and HRCT
chest severity in hospitalised COVID-19
patients

Materials and methods

The study was conducted in Medicine
department of SMHS Hospital Government
Medical Collage Srinagar, it was a prospective
study extended for a period of 3 months from
May 2021 to Aug 2021.

All the patients admitted in hospital with
COVID-19 disease had Hypoxemia (SPO2
<93%) which was primary reason for
admission, all the patients underwent for
baseline investigations and inflammatory
Markers on day one of admission which
included IL 6, DDimer , CRP, Ferritin and
LDH.
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A total of 103 patients with confirmed COVID
19 by RTPCR went for HRCT Chest on day
five of illness for severity of lung involvement

who were already investigated for
inflammatory markers on day one of
admission.

Inflammatory markers (IL6,D

Dimer,CRP,LDH) were analysed using Abbott
analyser by micro particle immune assay and
chemoimmunofluorscense method and Non
contrast High resolution Computerised
tomography (HRCT) lungs was analysed by
visual 25 point scoring system.

The Data of the study was analysed by using
SPSS 23 software.

Results

1. The study involved 103 patients, males 68
(66%) and females 35 (34%) with mean age of
52 years (Minimum age 17 years and
maximum 19 years) Table 1.

Frequency |Percent [Valid Percent Cumulative Percent
Males 68 66.0 66.0 66.0
Females |35 34.0 34.0 100.0
Total 103 100.0 100.0

Table 1. Showing gender distribution in studied population.

2. The oxygen was required in all patients as
all patients were hypoxemic on admission,
mean Oxygen requirement was at the rate of

6.2Litters (Ltrs) with the minimum of 2 Ltrs
and a maximum of 14Ltrs Table 2.

N Minimum Maximum Mean Std. Deviation
Oxygen 103 2.00 14.00 6.2330  |3.04606
requwement

103

Table 2.Showing Oxygen requirement of studied patients.

3. The minimum total leukocyte (TLC) count
of Studied patients was 3300 and maximum
of 21000 with a mean of 9227 Table 3.
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N Minimum Maximum Mean Std. Deviation
Total
Leukocyte  |103  |3300.00 21000.00 | 222"#%% | 4249.25696
count

103

Table 3.Showing Total leukocyte count of studied patients

4. The mean D Dimer of patients was
1540ng/ml (Minimum 12 and Maximum
9000). Normal D dimer less than 500ng/ml
was seen in 33 % (34 Patients) D-Dimer of
500-1000ng/ml was seen in 21.4 (22 patients)

and more than 1000 ng/ml was seen in 45.4 %
(46 patients)Table 4 .There was no significant
correlation between CT severity and D-Dimer
lavel table 5,however more than 66% patients
had high D Dimer lavels.

N Minimum | Maximum Mean Std. Deviation
D Dimer 103 12.00 9000.00 1540.40 (1789.1
103

Table 4. showing maximum, minimum and mean D Dimer in studied population

Correlations

CT Severity D Dimer
ICT Pearson Correlation 1 .022
Severity  Sig. (2-tailed) 823
N 103 103
D Dimer Pearson Correlation .022 1
Sig. (2-tailed) .823
N 103 103

Table 5.showing pearsons correlation between CT Severity and D Dimer lavel.

5. The Minimum CT Severity score was 1/25
and Maximum CT severity score was 21/25
with a mean of 7.8/25 Table. 6.

Mild disease with CT severity of <7/25 was
seen in 60 patients (58.2%) score.Moderate
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disease with CT Severity of >7/25 but < 14/25
was seen in 27 Patients (26.2%) and severe
disease with CT Severity score of more than
14/25 was seen in 16 patients (15%)
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Minimu [Maximu
N m m Mean Std. Deviation
ICT severity 103 1.00 21.00 7.7864 |4.87420
N 103

Table 6. Showing CT Severity in studied patients.

6. The minimum level of Interleukin 6 (IL6) There was significant relation between I1L6
was 0.18pg/ml and maximum was 44pg/ml and CT severity with Correlation significant at
with the mean of 4.67 Table 7. the 0.01 level Tables 8.

Minimu [ Maximu
N m m Mean Std. Deviation
Interleukin 6 103 .18 44.00 4.6653 |7.46715
Vglld N (list 103
wise)

Table 7 showing minimum, maximum and mean IL6 levels in studied patients.

Correlations

CT Severity IL6
ICT Pearson Correlation |1 7147
Severity  Sig. (2-tailed) .000
N 103 103
IL6 Pearson Correlation |.714™ 1
Sig. (2-tailed) .000
N 103 103

**_Correlation is significant at the 0.01 level (2-tailed).
Table 8. Showing Pearson Correlation between CT Severity and IL6.

7. The minimum serum Ferritn lavel was correlation between serum ferritin and CT
21ng/ml and maximum 2579ng/ml with the  severity (Correlation is significant at the 0.01
mean of 279.4 table 9.There was significant  level) Table 10.

N Minimum Maximum Mean Std. Deviation
Serum 103 21.00 2579.00 279.4272 | 448.64962
ferritin
Valid N
(istwise) | 103

Table 9 showing Minimum, maximum and mean Serum Ferritin in studied patients.
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CT severity Ferritin

CT Pearson *x
Severity  Correlation 1 125

Sig. (2-tailed) .000

N 103 103

|Ferritin Pearson _ 795* 1

Correlation

Sig. (2-tailed) .000

N 103 103

Correlation is significant at the 0.01 level (2-tailed).
Table 10 showing Pearson Correlation between CT Severity and serum Ferritin.

8. The minimum LDH level was 14.7and maximum 2041 wit mean of 290 tables 11.
There was significant correlation between LDH and CT severity Table 12.

Minimu | Maximu
N m m Mean Std. Deviation
LDH 103 14.70 2041.00 (289.8592 |372.95677
Valid N
(listwise) 103

Table 11 showing Minimum maximum and mean LDH in studied population

8. The minimum LDH level was 14.7and
maximum 2041 wit mean of 290 tables 11.

Correlation is significant at the 0.01 level (2-
tailed).

Table 10 showing Pearson Correlation  There was significant correlation between

between CT Severity and serum Ferritin.

LDH and CT severity Table 12.

VARO0003
1 VAR00028
CT Pearson o
Severity  Correlation 1 816
Sig. (2-tailed) .000
N 103 103
LDH Pearson _ 816™ 1
Correlation
Sig. (2-tailed) .000
N 103 103

**_Correlation is significant at the 0.01 level (2-tailed).
Table 12 showing Pearson Correlation between CT severity and LDH
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Discussion.

A high-resolution CT (HRCT) chest imaging
plays a pivotal and essential role in the early
disease detection COVID 19 disease,
particularly in patients with false-negative RT-
PCR results, as well as in managing and
monitoring the course of disease [28].The
quantitative severity of COVID Pneumonia
can be assessed using a visual method or
software that determines the percentage of
affected lung volumes using the deep learning
algorithms [29,30,31].

In our study we found significantly positive
correlation between CT Severity and IL6, CT
Severity and Serum ferritin,CT severity and
LDH ,however no significant correlation was
seen between CT severity and D Dimer.

Eight studies [32-38]comparing 543 COVID-
19 patients who died during follow-up with
1713 who remained alive during the same
period found that on admission, patients who
subsequently died showed significantly higher
white blood cell count (WMD: 4.11, 95% CI:
3.25-4.97), CRP (WMD: 74.18, 95% CI:
56.63-91.73), PCT (WMD: 0.26, 95% CI:
0.11-0.42), erythrocyte sedimentation rate
(WMD: 10.94, 95% CI: 4.79-17.09), and IL-6
(WMD: 59.88, 95% CI: 19.46-100.30)

The levels of these cytokines have been found
higher in severe cases when compared with the
moderate cases [39], which suggests the
necessity of IL-6 detection for early prediction
of severity [40].in our study we found a
positive correlation between IL6 and CT
severity which is consitant with other
studies[41,42]

C-reactive protein is an acute-phase
inflammatory protein produced by the liver
and regulated at the transcriptional level by the
cytokine IL-6 and IL-1 [43] SARS-CoV-2
shares similar clinical features with Middle
East respiratory syndrome coronaviruss
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[44] and in patients with severe Middle East
respiratory syndrome coronavirus pneumonia,
increasing in C-reactive protein levels
correlated with clinical deterioration.[45]

The importance of identifying this (IL 6)
elevated biomarker also lies in the potential use
of an antibody against IL-6 such as
tocilizumab, which has been reported to
effectively improve clinical symptoms and
repress the deterioration of severe and
critically ill patients with COVID-19.[46] Few
studies have reported isolated IL-6 expression
in COVID-19 patients, suggesting that
elevated I1L-6 and other cytokine levels
correlated with severity of this disease, [47-
49].0ur study incorporated all the four major
inflammatory markers for correlation with CT
severity score and found that the levels of IL6
correlated with severity of COVID 19 disease
on HRCT chest.

Elevated LDH levels have been associated
with worse outcomes in patients with other
viral infections in the past [52-53] 40% of
patients with COVID-19 disease have been
reported to present with increased LDH levels
and elevated LDH has been associated with a
higher risk of ARDS and need for intensive
care and mortality [54].0ur study was
consistent with above studies as the levels of
LDH correlated positively with CT Severity of
COVID- 19 Disease

Ferritin an acute-phase protein a key mediator
of immune dysregulation that contributes to
cytokine storm and it has been reported that
fatal outcomes by COVID - 19 are
accompanied by cytokine storm Serum ferritin
can be used as a prognostic marker for tissue
damage or acute infections [55]. Thereby those
with elevated ferritin have high probability to
experience serious complications [56].In our
study we found the similar results the high
levels of Ferritin was associated with high CT
severity score (Tablel0). It is suggested that
hyperferritinemia in COVID-19 patients is
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most likely due to the cytokine storm as in
secondary hemophagocytic
lymphobhistiocytosis.[57]

Many studies from different countries have
consistently found elevated levels of D-dimer
in patients with SARS-COV-2 pneumonia
[58], However in our study no significant
correlation was found between CT Severity
and D dimer levels.
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Conclusion

The study supported the existing data that high
load of inflammatory markers is associated
with more severe COVID-19 lung disease and
indirectly high mortality ,out of four
inflammatory markers which included D
Dimer ,1L6,Serum ferritin and LDH we found
three markers I1L6,Serum ferritin and LDH has
significant relation with CT severity.
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