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Background: Covid — 19 caused by SARS-CoV2 was declared a global pandemic by
World Health Organization. Due to rapid disease progression causing severe and fatal
complications, Effective biomarkers like D — Dimer, serum ferritin, CRP, IL-6, LDH
would be helpful in screening, categorization of patients, their clinical management, and
prevention of serious complications, especially in areas where radiological facilities are
not available immediately. Aims and Objectives: The study was aimed to investigate
association between levels of inflammatory biomarkers with Covid — 19 disease severity
and correlate it with HRCT chest finding to identify patients at risk of fatal complications.
Materials and Methods: It was a retrospective monocentric observational study undertaken
at a tertiary-care, COVID-19 dedicated centre. 200 Patients> 18 year of age who were
admitted from August 1, 2020 up to October 31,2020 with laboratory confirmed diagnosis
of Covid — 19 were included in the study. Data was collected on demography, disease
severity, laboratory measurements, radiology imaging retrospectively from electronic and
laboratory records of patients. The disease severity was classified into mild to severe
based on CT Severity scoring. HRCT Chest and inflammatory biomarkers were sent in
every patient at the time of admission and the outcome was recorded. Results: There
were 133 male patients, 67 female patients in our study. Average age of patients having
severe lung involvement is 54.1 years, whereas Average age of patients having non-severe
lung involvement is 52 years but showed No significant association with severity of lung
involvement. Severity of lung involvement according to HRCT chest findings was greater
in patients with raised values of both D — Dimer and ferritin (RR:3.67, P value: <0.0001),
compared to combination of raised value of D — Dimer with LDH (RR: 2.56, P value: 0.0383)
or D — Dimer with CRP (RR:2.22, P value:0.0157) or isolated D- Dimer (RR:2.87,
P value: 0.0727). Individually raised levels of serum ferritin, LDH and CRP were also found
to be significantly associated with radiological severity among covid-19 patients. Neither
raised IL-6 levels (p=0.368, RR: 0.76) nor did combined raised value of D — Dimer with IL-6
showed significant association with HRCT severity in our study (RR: 1.69, P value: 0.1193).
Pearson correlation coefficients were also calculated and serum LDH showed strongest
correlation with increasing lung involvement in HRCT chest, followed by serum ferritin.
Conclusion: Based on the significant association, combination of D — Dimer with ferritin
as well as isolated levels of inflammatory markers can help in assessing the severity of
Covid — 19 disease based on its correlation with radiological severity, thereby it will help
in immediate categorization of patients into different risk groups following diagnosis, to
ensure optimal resource allocation.
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INTRODUCTION

Covid — 19 caused by SARS-CoV2 was declared
a global pandemic on March 11, 2020 by World
Health Organization."” Complexity of Covid — 19
disease is centered on its unpredictable clinical course
that can rapidly develop, causing severe and fatal
complications.

Due to rapid disease progression, Effective biomarkers
would be helpful in screening, categorization of patients,
their clinical management, and prevention of serious
complications.’

Biomarkers commonly evaluated to assess severity of
Covid — 19 diseases are D — Dimer, serum ferritin, CRP,
IL-6, LDH.

D-Dimer, which is a marker of hypercoagulability, is
degradation product of fibrin. Its elevated levels have been
seen to be a part of the disease progression of Covid—19.*

As per studies, CRP in severe Covid — 19patients increased
significantly at the initial stage, even before CT findings&
is a signal of lung deterioration and progression.’

LDH (isozyme 3) present in lung tissue is expected to be
released in greater amounts in the circulation with severe
Covid — 19 infections, which can present as a severe
form of interstitial pneumonia, often evolving into acute
respiratory distress syndrome. So raised LDH can be
hallmatk of the severe disease.®

Activation of immune systems by this virus releases large
number of cytokines, including 11.-6. IL6 is a multi-effective
cytokine with both anti-inflammatory and proinflammatory
action” that contributes to host defense against infections
but its excessive synthesis while fighting the virus leads
to acute severe systemic inflammatory response called as
cytokine storm. Role of its Plasma and/or bronchoalveolar
levels as early biomarker of lung injury and as predictor
of prolonged mechanical ventilation, organ dysfunctions,
morbidity and mortality in lung diseases has been
identified.®

Ferritin which is a degradation product of haem, has been
shown to be significantly elevated in Covid— 19 patients
with poorer outcomes.”

The study was aimed to investigate association between
level of biomarkers with Covid— 19disease severity and
correlate it with HRCT chest finding to identify patients
at risk of fatal complications.

MATERIALS AND METHODS

Study design and patient characteristics

It was a retrospective monocentric observational study
undertaken at a tertiary-care, COVID-19 dedicated
centre (L.N. Medical College and associated ].K. Hospital,
Bhopal). Adult patients of more than 18 year of age who
were admitted with laboratory confirmed diagnosis of
Covid — 19 were included in the study. Gold-standard
diagnosis of Covid — 19 is achieved through molecular
identification of SARS-CoV-2 using nucleic acid
amplification tests such as the reverse transcriptase-
quantitative polymerase chain reaction (RT-qPCR) or viral
gene sequencing.'’

During admission period from August 1, 2020 up to
October 31,2020, total 200 patients were included,
irrespective of age, gender, ethnicity or duration of
symptoms of underlying illness. The study was approved by
research and ethics regulatory committee of the institution.
The youngest patient was 18 years old and the oldest was
87 years old.

Data collection

Data was collected retrospectively from electronic and
laboratory record of patients. Confidentiality of data
was ensured by hiding the medical record number of
patients from data handlers. Information was collected on
demography, disease severity, laboratory measurements,
radiology imaging.

The disease severity was classified into mild to severe
based on CT Severity scoring, The CT severity scoring was
defined as sum of the individual scored in 20 lung segment
regions, which may range from 0 to 40 point. Optimal
inflammation load score threshold for identifying severe
patients was 19.5. "

HRCT Chest and inflammatory biomarker was sent in every
patient at the time of admission and outcome was logged.

Statistical analysis

Data was summarized by using descriptive statistics. P value
0f<0.05 was considered to be statistically significant.
Relative risks of various markers were calculated for
development of severe HRCT involvement comparing
those who had elevated levels of markers and those who
did not. Relative risk and odds ratio were assessed for
elevated D-dimer, LDH, CRP, IL-6 and ferritin levels
against normal levels. Markers were analyzed for isolated
elevations as well as for various combinations and results
were calculated accordingly. Average lung involvements for
various groups were also calculated to assess if groups with
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elevated markers had higher mean lung involvement. ROC
analysis was done wherever applicable. Pearson correlation
coefficients were calculated for increasing biomarkers levels
and lung involvement in HRCT chest to assess the strength
of association.

RESULTS

There were 133 male patients, 66 female patients in our
study. No significant association was seen between gender
and severity of lung involvement (RR of 1.2, p=0.5).

Average age of patients having severe lung involvement is
54.1, whereas Average age of patients having non-severe
lung involvement is 52 (on comparison of means, p value
0.421, DF: -2.1). No significant association between age
and severity of lung involvement was found.

Correlation between inflammatory markers and radiological
severity shown in Figure 1.

Out of 200 patients that we have included in our study,
5 patients had isolated raised D —Dimer. It showed weak
association with severe lung involvement (RR of 2.87,

p=0.0862) (Table 1).

There was a significant association seen between raised
values of both D —Dimer and Ferritin with severity of
lung involvement. (RR of 3.67, p value <0.0001) (Table 1)

We also found that 14 patients had raised values of both
D —Dimer and LDH (RR of 2.56, p value - 0.0383) and
71 patients had raised values of both D —Dimer and CRP
(RR of 2.22, p value - 0.0157), both showed significant
association (Figure 1).

The results suggest that raised D- Dimer with Ferritin
showed strongest association with severity of lung
involvement (based on HRCT chest) of disease when

compared to combination of D —Dimer with other
inflammatory markers like LDH, CRP or isolated D -
Dimer.

Eighty-nine patients had raised values of both D —dimer
and IL6.The association was not significant with severity
of lung involvement (RR of 1.69, p value - 0.1193)
(Table 1).

In our study, there were 20 patients with raised LDH,
out of which 9 were having severe lung involvement
and 11 had non-severe lung involvement. Average lung
involvement in these patients is 48%. In contrast, there
were 180 patients with normal LDH levels, of which
32 had severe lung involvement and 148 had non-severe
lung involvement. Average lung involvement in these
patients was 30%. (Figure 2) There was significant
association between levels of LDH and severity of
lung involvement (p<<0.0001, RR of 2.53, Odds Ratio
of 3.78) (Table 1).

There were 76 patients with raised Ferritin, out of
which 29 were having severe lung involvement and 47
had non-severe lung involvement. In contrast, there
were 124 patients with normal Ferritin levels, of which
12 had severe lung involvement and 112 had non-
severe lung involvement (Figure 2). There is significant
association between levels of Ferritin and severity of
lung involvement (p<0.0001, RR of 3.94, Odds Ratio
of 5.75) (Table 1).

There were 136 patients with raised 116, out of which
26 were having severe lung involvement and 110 had
non-severe lung involvement. In contrast, there were
52 patients with normal IL.6 levels, of which 13 had severe
lung involvement and 39 had non-severe lung involvement
(Figure 2). There is no significant association between levels
of IL6 and severity of lung involvement (p=0.368, RR of
0.76, Odds Ratio of 0.70) (Table 1).

Lung involvement with D-Dimer and combinations
with other markers

140
120
100
80 ® Number
60 B AVG Lung
40 Severe
20
0 m Non-Severe
D Normal Isolated D-Raised D + LDH D+IL6 D+ CRP None
Dimer Ferritin elevated
elevated

Figure 1: D: D-Dimer, LDH: Lactate dehydrogenase, CRP: C- reactive protein, IL 6: Interleukin 6
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Biomarker Number of Patients Mean Lung Severe Lung Inv. In Non-severe Lung
Involvement (%) HRCT (>50%) Inv. In HRCT

None elevated 8 1 0 8

D-dimer Normal 79 27 1 68

D-dimer Elevated 121 34 30 91

Isolated D-dimer raised 5 30 2 3

D-dimer + Ferritin raised 55 41 21 20

D-dimer + LDH raised 14 45 5 9

D-dimer + IL-6 raised 89 35 21 68

D-dimer + CRP raised 71 38 22 49

LDH Raised 20 48 9 11

LDH Normal 180 30 32 148

Ferritin Raised 76 42 29 47

Ferritin Normal 124 25 12 112

IL6 Raised 136 32 26 110

IL6 Normal 52 31 13 39

CRP Raised 121 36 31 90

CRP Normal 79 25 10 69
Relative Risk p-value Odds ratio p-value

None elevated vs (Relative risk, Odds Ratio of developing Severe lung involvement)

D-dimer Elevated 4.5 0.2769

Isolated D-dimer raised 7.5 0.1666

D-dimer+Ferritin raised 9.2 0.1082

D-dimer+LDH raised 6.6 0.1825

D-dimer+IL-6 raised 4.3 0.293

D-dimer+CRP raised 5.625 0.2125

LDH Raised 8.1429 0.1328

Ferritin Raised 6.8961 0.1623

IL6 raised 3.4818 0.3679

CRP Raised 4.6475 0.2666

D-dimer Elevated vs Normal 1.78 0.0727 2.038 0.066

Isolated D-dimer raised vs Normal 2.87 0.0862 4.1212 0.1439

D-dimer+Ferritin raised vs Normal 3.67 <0.0001 6.4909 <0.0001

D-dimer+LDH raised vs Normal 2.56 0.0383 3.4343 0.056

D-dimer+IL-6 raised vs Normal 1.69 0.1193 1.9091 0.1146

D-dimer+CRP raised vs Normal 2.22 0.0157 2.7755 0.0137

LDH Raised vs Normal 2.5313 0.0016 3.7841 0.0066

Ferritin Raised vs Normal 3.943 0.0001 5.7589 0.0001

IL6 Raised vs Normal 0.7647 0.368 0.7091 0.3749

CRP Raised vs Normal 2.024 0.0346 2.3767 0.0293

Standard lab values of markers were taken to be: D-dimer (<500 ng/ml) 12*, Ferritin (Male: 22 — 320 ng/ml & Female: 10 — 290 ng/ml 13* , LDH (240 — 480 u/l) 14* , IL6
(< 4.40 pg/ml) 15% , CRP (<6mg/dl) 16* [* Indicates reference range for various biomarkers]

200

R- Raised ; N - Normal

150

100

50

R

0 None LDHR LDHN Ferritin Ferritin
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Figure 2: Significance of different inflammatory markers

There were 121 patients with raised CRP, out of which
31 were having severe lung involvement and 90 had non-

severe lung involvement. In contrast, there were 79 patients

with normal CRP levels, of which 10

had severe lung
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involvement and 69 had non-severe lung involvement.
(Figure 2) There is significant association between levels
of CRP and severity of lung involvement (p=0.0346, RR
of 2.02, Odds Ratio of 2.37) (Table 1).

We also calculated Pearson correlation coefficients of
various biomarkers with increasing lung involvement in

HRCT Chest (Table 2).

We performed ROC analysis for various biomarkers with
respect to HRCT severity. HRCT cut-offs were taken to
be <25%, 25-49%, 50-74%, =>75% lung involvement.
We found strongest association of HRCT severity with
LDH followed by Ferritin, D dimer, CRP, 1L6 in decreasing
order (Figure 3).

Biomarker Correlation coefficient
D-dimer 0.096518
Ferritin 0.438796
LDH 0.511801
IL-6 0.122706
CRP 0.103484

DISCUSSION

Utility of the study is to assess the severity of Covid — 19
disease based on its correlation with level of biomarker
and radiological severity.

D- Dimer and FDP were reported to be moderately/
markedly elevated in all SARS-CoV-2 deaths, suggestive
of activation of coagulation processes reaching its peak
in DIC. Such patients may evolve to sepsis, which is one
of the most common causes of DIC.?

Ferritin is 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. Thereby those with elevated ferritin have
high probability to expetience serious complications. '’

Our study shows stronger and significant association
of raised D — Dimer with Ferritin in combination with
severity of lung involvement (based on HRCT chest) of
disease when compared to combination of D —Dimer with
other inflammatory markers like LDH, CRP or isolated
D - Dimer.

ROC for HRCT vs D-dimer ROC Curve for HRCT vs LDH
1 1
0.8 08
0.6 06
0.4 04
0.2 0.2
0 0
0 0.2 04 0.6 08 1 0 0.2 0.4 06 0.8 1
AUC: 0.762527 AUC: 0.869167
ROC for HRCT vs S. Ferritin ROC for HRCT vs IL-6
1 1
08 08
06 06
0.4 04
0.2 0.2
0 0
0 0.2 0.4 06 0.8 1 0 0.2 0.4 0.6 0.8 1
AUC: 0.802179 AUC: 0.675622
ROC for HRCT vs CRP

1

0.8

06

0.4

0.2

0

0 0.2 0.4 06 0.8 1
AUC: 0.794539

Figure 3: ROC curves for various biomarkers vs HRCT severity. HRCT cut-offs were taken to be <25%, 25-49%, 50-74%, =>75% lung involvement.

(AUC: Area under curve)
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CRP is a non-specific acute-phase protein induced by
11.-6 in liver and sensitive biomarker of inflammation,
infection, and tissue damage.' Studies showed that it
increased significantly in severe Covid — 19 patients at
the initial stage, which is a signal of lung deterioration
and disease progression.'’ Our study confirms clinical
utility of CRP levels as an indicator for severe disease
and progressive inflammation."” LDH, which acts as
non-specific indicator of cellular death®, is present in
lung tissue (isozyme 3) released in large amounts in
circulation in patients with severe Covid — 19 infections
present as severe form of interstitial pneumonia, often
evolving into acute respiratory distress syndrome."’
There is significant association of isolated levels
of LDH, CRP and ferritin with severity of lung
involvement.

IL-6, which is a major pro-inflammatory mediator for
induction of acute phase response its value as a prognostic
biomarker in sepsis and various acute organ injuries has
been extensively investigated."”

There is no significant association between levels of 1L6
and severity of lung involvement in our study. There were
133 male patients, 67 female patients in our study. But age
and gender showed no association with severity of lung
involvement.

Based on the significant association with severity of lung
involvement, Assessment of levels of various biomarkers
help in immediate categorization of patients into risk
groups following diagnosis, to ensure optimal resource
allocation, especially in places where HRCT facilities are
not readily available.
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