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ABSTRACT

Background: Severe acute respiratory syndrome Coronavirus 2 (SARS-COV
2) infection elicits an inflammatory response which is responsible for
severe clinical manifestations, disease progression and, poor outcomes.

Objectives: This study aims to assess the pattern of elevation of
inflammatory markers in COVID-19 and to determine their association
with clinical, radiological severity and outcome of COVID 19.

Methodology: This is a retrospective single-center cross-sectional study
conducted at Chettinad Hospital and Research Institute, a tertiary care
Hospital in Tamil Nadu, India, encompassing a cohort of 1220 patients. The
source population was all cases of COVID-19 admitted at the hospital with
a confirmed diagnosis of COVID-19 using RT PCR. The data was obtained
from the patient’s case sheets and laboratory investigations and from
the electronic data management system. The patient’s clinical severity
on admission, baseline characteristics, co-morbid illnesses, presenting
complaints, vitals, and inflammatory markers like D-dimer, C-reactive
protein IL-6, Serum ferritin, and Lactate dehydrogenase were collected.
The data for radiological severity and outcome were coded and analysed.

Results: Diabetes and hypertension were found to be the most common
comorbidities in the study population; females more affected than males.
Fever and cough are the most common presenting symptoms. The
clinical severity of patients was found to have a significant association
with radiological severity. D-dimer is having a strong correlation with
disease severity and outcome at any point in time. IL-6, CRP, Serum
ferritin also showed a strong correlation with outcome in COVID-19.

Conclusion: Our study suggests D-dimer at any point of time in a
hospitalized COVID-19 patient as a promising marker for the same.
IL-6 is the next best inflammatory marker followed by CRP and Serum
ferritin. LDH is the least significant one among these.

Keywords: coviD 19, SARS COV2, D-Dimer, C-reactive protein,
IL-6, serum ferritin, Lactate dehydrogenase
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Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS
CoV2) pandemic reached India on 30 January 2020. As
of October 2021, India reported more than three crore
cases with more than four lakh fatalities.! The clinical
presentation of SARS CoV2 varies from asymptomatic
carriers to severe viral pneumonia-causing respiratory
failure, acute respiratory distress syndrome, sepsis, multi-
organ dysfunction syndrome and, death.? Though we are
at the rear end of the pandemic, we know that we are not
going to eradicate the disease and this disease is going to
stay in the face of the earth in endemic proportions for a
few more years.

During the pandemic phase, we witnessed many people
were undergoing high-resolution Computed Tomography
Chest for assessing the severity of the disease as we were not
sure about the predictors of disease progression or severe
disease. These practices lead to unnecessary radiation
exposure and overzealous and inappropriate treatment for
even mild cases of COVID-19. Our attempt with this study
is to retrospectively determine inflammatory markers of
disease progression and to correlate the same with severity
and outcome of the disease. In the future, these readily
available serum markers may help us in determining the
need for HRCT chest imaging in patients.

Materials and Methods
Study Setting, Design and Population

This is a retrospective single-center cross-sectional study
conducted at Chettinad Hospital and Research Institute,
a tertiary care Hospital in suburban Tamil Nadu, India
encompassing a cohort of 1220 patients. The source
population was all cases of COVID-19 admitted at Chettinad
Hospital and Research Institute with a confirmed diagnosis
of COVID-19 using RT PCR.

Eligibility Criteria
All COVID-19 patients who were COVID RT PCR (reverse
transcriptase-polymerase chain reaction) positive and on

treatment and follow-up at Chettinad Hospital and Research
Institute with complete baseline and laboratory data.

Data Collection Procedures and Quality Assurance

The data was obtained from the patient’s case sheets,
laboratory investigations were collected from the
electronic data management system. Data consistency
and completeness was checked before coding and analyzing
the data

Statistical Analysis

All the data collected were coded and entered in a Microsoft
Excel sheet which was re-checked and analyzed using SPSS
statistical software version 25. Quantitative variables were

presented as mean and standard deviation (SD) if the
data were normally distributed and by using median and
interquartile range if data showed skewed distribution.
Categorical variables were represented using frequency
and percentage. Statistical testing of association of various
factors was done using Pearson chi-square test and
independent-sample t-test in case of normally distributed
data and using Mann-Whitney test in case of the skewed
distribution of data. A p-value of < 0.05 was considered
statistically significant.

Ethical Consideration

The study was conducted after obtaining ethical committee
clearance from Chettinad Hospital and Research Institute,
Institutional review board, and Institutional Human Ethics
Committee. The patient’s identity and personal details were
protected and the study had no negative consequence on
patients who participated.

Results

1220 patients were enrolled in the study, the majority of
the study participants were under 70 years of age (72%)
and males (70%) only 28% were more than 70 years. The
mean age of the study population was 49.22 + 0.48 years. In
the study group, 34% had diabetes with the mean duration
of 32 + 67.40 months, 28% had hypertension with the
mean duration of 24.17 + 55.84 months, and 30 patients
had chronic kidney disease, with a mean duration of 1.98
1 0.16 months. 43% percentage of chronic kidney disease
patients were on hemodialysis with a mean duration of 0.49
1 6.66 months. 3 patients had chronic liver disease and 11
had a history of stroke. 6% had a history of coronary artery
disease with a mean duration of 4.74 + 24.29 months. 38
patients in the study population had a previous pulmonary
parenchymal disease in the form of bronchial asthma or
chronic obstructive pulmonary disease; 48 patients had a
history of hypothyroidism (Table 1).

Table |.Characteristics of Study Subjects (N=1220)

Mean 49.22 £ 0.48
Median 50
<20 years 3%
21-30 years 15%
31-40 years 16%
41-50 years 16%
51-60 years 22%
>70 years 28%
Female 367 (30%)
Male 853 (70%)
Diabetes mellitus 417 (34%)
Duration of DM 32+67.40
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Hypertension 344 (28%)
Duration of hypertension 24.17 £ 55.84
Chronic kidney disease 30 (2%)
Duration of chronic kidney disease 1.98+0.16
Duration of HD 0.49 £ 6.66
Cerebrovascular disease 11 (1%)
Duration o;zzzr;Zrovascular 1.99 + 00
Chronic liver disease 3 (0%)
Duration of chronic liver disease 0.20 £4.86
Coronary artery disease 76 (6%)
Duration of CAD 4.74 +24.29
Hypothyroidism 48 (4%)
e e e, |

Table 2.Presenting Complaints in COVID-19

Fever 845 (69%)
Duration of fever 2.92+£3.20
Cough 664 (54%)
Duration of cough 1.46 £ 0.50
Running nose 429 (35%)
Duration of running nose 0.95 + 1.67
Myalgia 569 (47%)
Duration of myalgia 1.55+2.43
Anosmia 76 (6%)
Duration of anosmia 0.23+1.08
Breathlessness 363 (30%)
Duration of breathlessness 1.00+£2.11
Loose stools 89 (7%)
Duration of loose stools 0.19+0.72
Headache 186 (15%)
Duration of headache 0.50+1.51
Loss of taste 64 (5%)
Duration of loss of taste 0.20+1.08
Duration of hospital stay 8.04 £4.59

The common presenting complaints in the study population
were fever and cough. 69% presented with fever with a mean
duration of 2.92 + 3.20 days. 54% had a cough with a mean
duration of 1.46 £ 0.50 days at the time of presentation.
Myalgia (47%), running nose (35%), breathlessness (30%)
were the next common symptoms. Anosmia (6%), loose
stools (7%), headache (15%), loss of taste (5%) were the
least common symptoms (Table 2). The mean pulse rate

ISSN: 0019-5138

in the study population was 87.91 £ 10.61 per minute. The
mean respiratory rate in the study population was 21.77 £
4.10 per minute (Table 6). The mean duration of hospital
stay was 8.04 + 4.59 days (Table 2).

Table 3.Clinical severity and HRCT severity

Clinical Number HRCT Number
severity (%) severity (%)
Non-severe | 794 (65%) Mild 651 (54%)
Severe 158 (13%) Moderate | 325 (27%)
Critical 268 (22%) Severe 232 (19%)
Table 4.0utcome in COVID-19
Outcome | Percentage
Asymptomatic 959 79%
Mild symptoms 16 1%
Moderate symptoms 40 3%
Death 205 17%

65% had a non-severe disease, 13% had severe disease
and 22% had critical disease based on clinical severity
criteria by WHO (Table 3). It was found that 54% had
mild involvement, 27% had moderate involvement and
19% had severe involvement in high resolution computed
tomography of the chest (Table 4).

Table 5.Mean of Different Variables Used in Study

Variable Mean+SD
Pulse Rate 87.91+10.61
Respiratory rate 21.77 £4.10
D-Dimer Day 1 466.33 +667.33
D-Dimer Day 3 658.62 £ 995.63
D-Dimer Day 5 594.64 + 878.53
D-DIMER Day7 989.47 +1214.49
D-DIMER Day 9 824.58 + 1051.01
IL-6 Day 1 69.98 £ 216.23
IL-6 Day 3 35.33 £59.62
IL-6 Day 5 32.90+142.13
IL-6 Day 7 67.65 £ 198.66
IL-6 Day 9 91.95 £ 194.75
CRP Day 1 119.40 £ 664.75
CRP Day 3 63.73£49.94
CRP Day 5 58.99 + 50.47
CRP Day 7 52.64 £ 52.42
CRP Day 9 63.92 £ 56.68
Serum Ferritin Day 1 260.43 £ 278.67
Serum Ferritin Day 3 262.75+213.19
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338.03 + 263.80
410.17 + 344.50
440.94 +323.23

Serum Ferritin Day 5

Serum Ferritin Day 7

Serum Ferritin Day 9

LDH Day 1 336.03 + 327.55
LDH Day 3 319.33 + 203.09
LDH Day 5 315.85 + 135.93
LDH Day 7 440.27 +320.43
LDH Day 9 301.00 + 105.61

The outcomes of the patient studied showed that 79%
percentage recovered completely before discharge or at
the time of discharge whereas 1% percentage had mild
symptoms on discharge and 3% had moderate symptoms
like breathlessness requiring home oxygen therapy. The
mortality rate in our study population was 17% (Table 4).

The inflammatory markers which were studied were
D-dimer, IL-6 (Interleukin 6), CRP (C - reactive protein),
serum ferritin, and LDH (Lactate dehydrogenase). All these
inflammatory markers were measured on day one, day
three, day five, day seven, and day nine as required. On
admission the mean D-dimer was 466.33 + 667.33 ng/
mL; the mean IL-6 was 69.98 * 216.23 pg/mL, the mean
CRP was 119.40 + 664.75 mg/L, mean LDH was 336.03
327.55 U/L, and mean serum ferritin was 260.43 + 278.67
ng/mL (Table 5).

Association between Various Inflammatory Markers
and Clinical Severity

It was found in our study that D-dimer on day one, day
three, day five, day seven, and day nine showed significant
association with clinical severity. IL-6 done on day one, day
three and day seven showed significant association with

Table 6.Association between Different Inflammatory Markers and Severity and Outcome

Variable Clinical severity | P value HRCT chest severity | Pvalue | Outcome | Pvalue
D dimer Day 1 0.320 <0.01 0.237 <0.01 0.351 <0.01
D dimer Day 3 0.435 <0.01" 0.209 <0.05 0.459 <0.01"
D dimer Day 5 0.464 <0.01" 0.356 <0.01" 0.580 <0.01"
D dimer Day 7 0.417 <0.01° 0.364 <0.01° 0.451 <0.01"
D dimer Day 9 0.334 <0.01" 0.387 <0.01° 0.478 <0.01"
IL6 Day 1 0.252 <0.01 0.183 <0.01° 0.213 <0.01°
IL6 Day 3 0.500 <0.01° 0.398 <0.01" 0.400 <0.01°
IL6 Day 5 0.156 >0.05 0.180 <0.05 0.406 <0.01"
IL6 Day 7 0.299 <0.05* 0.252 >0.05 0.353 <0.01"
IL6 Day 9 0.302 >0.05 0.348 <0.05 0.489 <0.01"
CRP Day 1 0.075 >0.05 0.086 >0.05 -0.016 >0.05
CRP Day 3 0.330 <0.01° 0.344 <0.01° 0.390 <0.01°
CRP Day 5 0.301 <0.01° 0.202 <0.05 0.312 <0.01°
CRP Day 7 0.338 <0.01 0.291 <0.05" 0.470 <0.01
CRP Day 9 0.206 >0.05 0.020 >0.05 0.410 <0.01"
Serum ferritin Day 1 0.487 <0.01 0.465 <0.01 0.341 <0.01"
Serum ferritin Day 3 0.409 <0.05 0.257 > 0.05 0.225 > 0.05
Serum ferritin Day 5 0.392 <0.01" 0.375 <0.01° 0.322 <0.01"
Serum ferritin Day 7 0.209 >0.05 0.186 >0.05 0.143 >0.05
Serum ferritin Day 9 0.299 >0.05 0.434 <0.05 0.086 >0.05
LDH Day 1 0.380 <0.01° 0.375 <0.01° 0.388 <0.01°
LDH Day 3 0.238 >0.05 0.456 >0.05 -0.064 >0.05
LDH Day 5 0.267 >0.05 0.186 >0.05 0.704 <0.01"
LDH Day 7 0.725 >0.05 0.622 <0.05 0.813 <0.01°
LDH Day 9 0.295 >0.05 0.279 >0.05 0.489 >0.05
HRCT severity 0.650 <0.01°
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clinical severity; whereas IL-6 done on the fifth and ninth
day showed no significant association. CRP on day three,
day five, day seven showed significant association with
clinical severity whereas CRP on day one and day nine had
no significant association. Serum ferritin done on day one
and day five showed significant association with clinical
severity and LDH on day one showed significant association
with clinical severity (Table 6).

Association between Various Inflammatory Markers
and HRCT Chest Severity

In our study D-dimer done on day one, day three, day five,
day seven, and day nine showed significant association
with HRCT chest severity. IL-6 done on day one, day three,
day five, and day nine showed significant association with
HRCT chest severity whereas CRP done on day three, day
five, and day seven showed significant association. Serum
ferritin done on day one, day five, and day nine showed
significant association with HRCT chest severity whereas
LDH done on day one and day seven showed significant
association (Table 6).

Association between Various Inflammatory Markers
and Outcome

In our study, it was found D-dimer done on day one, day
three, day five, day seven, and day nine showed significant
association with outcome in COVID 19. IL-6 done on day
one, day three, day five, day seven, and day nine showed
significant association with outcome, whereas CRP done
on day three, day five, day seven, and day nine showed
significant association. Serum ferritin done on day one, day
five showed significant association with outcome whereas
LDH done on day one, day five, and day seven only showed
significant association (Table 6).

Association between Clinical Severity and HRCT
Chest Severity

It was found in our study that clinical severity of the disease
assessed using WHO (World Health Organization) criteria
had a significant association with the HRCT chest severity
(Table 6).

DIMSO Discussion

The overall inflammatory profile in COVID-19 patients in
the Indian scenario is not reported so far due to insufficient
sample size. Understanding the disease and the markers
for predicting severity and poor outcome is vital in
implementing prevention and early aggressive treatment.

In our study we included 1220 patients with a mean age of
49.22 +0.48 years, it was observed that there is a significant
association between inflammatory markers such as D
dimer, IL-6, CRP, serum ferritin, and LDH with clinical and
radiological severity and outcome in COVID-19. To our
knowledge, ours is the largest study from India to date

ISSN: 0019-5138

examining inflammatory markers and their correlation
with severity and outcome in COVID-19.

In our study 70% of the patient were females, this is in
contrast to the study reported by Jin et al. which found
that male and female patients had the same prevalence
though men were at risk for developing worse outcomes
and death.? Izcovich et al. also reported male sex being a
poor prognostic factor in COVID-19.4

The commonest symptoms were fever and cough, which is in
alignment with the study done by Leulseged et al.® 34% and
28% of the study population had diabetes or hypertension
respectively, indicating an increased predisposition of these
groups to the disease. Nath et al. also reported diabetes
and hypertension as two major comorbidities in COVID-19
patients admitted in both wave in India. Lim et al. reported
the possible pathogenic mechanism as hyperglycemia
facilitating the replication of SARS COV 2 via the production
of mitochondrial reactive oxygen species and activation of
hypoxia-inducible factor one alpha.” Clark et al. reported
that the prognosis for patients with hypertension is worse
when the COVID-19 infection is complicated by myocardial
disease or myocardial injury.?

The mean pulse rate observed in a study was 87.91 + 10.61
per minute which is contradictory to the study by Capoferri
et al. who reported that there is relative bradycardia
observed in COVID-19 patients; about 36% of the COVID-19
patients and even 56% of hospitalized COVID-19 patients
with fever had relative bradycardia.® They reported that
the pathogenesis of this phenomenon is unknown, the
direct effect of the pathogen on the sinoatrial node, or
the effects of inflammatory cytokines like IL-6 are among
the few proposed mechanisms for this.

The mean respiratory rate in our study population was
21.77 £ 4.10 per minute. Chatterjee et al. reported that a
respiratory rate of more than 22 per minute or hypoxemia
with a saturation of less than 92% room air was associated
with elevated mortality in COVID-19.1° The mean duration
of hospital stay in patients with COVID-19 in our study was
8.04 + 4.59 days. Rees et al. reported in September 2020
meta-analysis that mean hospital stay duration in China
ranged from 4 to 53 days whereas it ranged from 4 to
21 days outside China.!! The difference in the criteria for
admission and discharge will contribute to the duration
of hospital stay in addition to the severity of the disease.

In our study, 65% had the non-severe disease and only
22% had the critical disease as per clinical severity criteria
by WHO. Ariel lzcovich et al reported that patients who
presented with clinical signs and symptoms suggestive
of respiratory failure were at high risk for developing
severe COVID-19 or death.* In our study, 19% had severe
involvement in radiological imaging. Saeed et al. reported
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that HRCT Chest severity score is positively correlated
with length of hospital stay, inflammatory laboratory
markers, and oxygen requirement in patients with COVID-19
infection.2

In our study, 79% of patients recovered completely at the
time of discharge whereas the mortality rate was 17%. In
the study, we did not focus on clinical outcomes with respect
to clinical severity, or radiological severity, or inflammatory
markers. The mortality rate in our study population is
higher compared to the National standards as this study
is conducted in a tertiary care center that was a referral
center in the pandemic.

D-dimer is a fibrin degradation product that is widely used
as a marker for thrombotic disorders. In the emergency
room, the most common cause of D-dimer elevation is still
infection and during COVID-19 pandemic this was identified
as a potential indicator of prognosis. The mean D-dimer
on admission in our study population was 466.33 + 667.33
ng/mL, Yu et al. reported the mean D-dimer in patients
with COVID-19 as 0.9 to 4.6 ug/mL and he concluded after
analysis that elevated D-dimer is associated with severe
disease on COVID-19." Poudel et al. reported admission
day D-dimer of more than 1.5 pg/ml as an important
predictor of mortality in COVID-19 patients.'* In our study,
we have serially done D-dimer on day three, day five,
day seven, and day nine and found that all these showed
significant association with clinical severity, radiological
severity, and outcome in COVID 19. Our study suggests
that among all the inflammatory markers D-Dimer done
at any point of time in a COVID-19 patients is significant
and hence it’s best among the inflammatory markers to
predict severity and outcome of the disease. Conte et al.?®
reported an increase in the value of the D-dimer as the most
sensitive change in coagulation parameters in COVID-19
and postulated that this may indicate a greater risk for
thrombosis. Thachil et al.»* emphasized the importance of
accurate D-dimer reporting in COVID-19. Ours is a pioneer
study that reports persistently elevated D-dimer and not
just admission D-dimer as a predictor for progression and
severity in COVID-19.

In our study, IL-6 on admission, day three, and day seven
showed significant association with clinical severity whereas
IL-6 on admission, day three, day five, and day nine
showed significant association with radiological severity.
IL-6 done on day one, day three, day five, day seven, and
day nine showed significant association with outcome in
COVID-19. Grifoni et al. supported the pivotal role played
by pro-inflammatory cytokines in the pathophysiology of
pulmonary damage in COVID-19 patients. They suggested
IL-6 levels at hospital admission to be a good prognosticator
for outcome in COVID-19.' Santa Cruz et al reported that
a decreasing IL-6 after admission indicate recovery.’® From

our study, we can say that the persistently elevated IL-6 in
hospitalized COVID-19 patient indicates a bad outcome.

The mean IL-6 in our study population on admission was
69.98 + 216.23 pg/mL. Sabaka et al. studied that the
concentration of IL-6 more than 24 pg/mL on admission
can be used as a sensitive marker for the development
of hypoxia requiring hospitalization.? Our study aligned
with the study by Bhandari et al. reported that radiological
severity of COVID-19 disease correlated directly with IL-6
patients with higher HRCT severity scores had extremely
raised IL-6 levels whereas low HRCT severity score had
low IL-6.%

In our study the mean CRP was 119.40 + 664.75 mg/L. CRP
on day three, day five, and day seven showed significant
association with clinical severity whereas CRP on day
three and day seven showed significant association with
radiological severity. CRP done on day three, day five, day
seven, and day nine showed a significant association with
outcome in COVID-19. Ali et al. observed a significant
increase in CRP 20 to 50 mg/L in patients with COVID-19
and noted that CRP was elevated in up to 86% in severe
COVID-19.2 In our study, we noted that CRP on admission
may not be a good predictor of disease progression or
mortality. But subsequent CRP’s are needed to predict the
disease severity. Luan et al. reported that CRP induction
is principally regulated by IL-6 at transcription level which
may be the reason for this delayed elevation.?? CRP is
normally lacking in viral infection but its role is pivotal in
COVID-19 since innate immunity is essential for COVID-19
virus clearance.

Ferritin is an important mediator of immune regulation and
hyperferritinemia is known to be a contributing factor for
cytokine storm which is reported to have fatal outcomes in
COVID-19. In our study, the mean ferritin on admission was
260.43 +278.67 ng/mL. Manuel Vargas-Vargas et al reported
that the very severe COVID-19 group had significantly
high serum ferritin (1006.16 ng/ml) than the severe
COVID-19 group (291.13 ng/ml).2 We found that serum
ferritin done on day one, day three, and day five showed
significant association with clinical severity, whereas day
one, day five, and day nine showed significant association
with radiological severity: day one and day five showed
significant association with outcome in COVID-19. This is in
contrast to the study by Carubbi F et al. who reported for
the first time that ferritin levels over the 25th percentile
were associated with severe radiological involvement but
not with disease outcome.*

Lactate dehydrogenase is a less commonly used
inflammatory marker in COVID-19 and, in our study,
admission LDH showed significant association with clinical
severity whereas admission as well as day seven LDH
showed significant association with radiological severity
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in COVID-19. LDH done on day one, day five, and day seven
showed significant association with outcome in COVID-19 in
our study population. Szarpak L et al. reported a mean LDH
of 154.49 U/Lin COVID-19 and observed LDH as a COVID-19
severity marker and predictor for survival whereas in our
study mean LDH was noted as 336.03 + 327.55 U/L.%

We also observed a significant association between clinical
severity and radiological severity in COVID-19.

Conclusion

Several inflammatory markers are projected as potential
biomarkers to assess the disease progression severity
and outcome in COVID-19. Our study suggests D-dimer
at any point of time in a hospitalized COVID-19 patient
as a promising marker for the same. IL-6 is the next best
inflammatory marker followed by CRP and Serum ferritin.
LDH is the least significant one among these. It is to be
noted that our study suggests a too early CRP may not
be a good indicator for disease progression and severity.
Further prospective studies are needed to confirm this data.

Limitations

In this study we did not categorize the patients based
on clinical severity and compared the mean values of
inflammatory markers in each group; this may be carried
out separately in a sub-study later. We did not follow up
the patients from clinical severity to inflammatory markers
and outcome. Moreover, we did not follow up on the
progression of inflammatory markers.
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Appendix
WHO Severity Definitions

1. Critical COVID-19: Defined by the criteria for acute respiratory distress syndrome (ARDS), sepsis, septic shock, or
other conditions that would normally require the provision of life sustaining therapies such as mechanical ventilation
(invasive or non-invasive) or vasopressor therapy.

2. Severe COVID-19:

e  Oxygen saturation < 90% on room air.

e Respiratory rate > 30 breaths/min in adults and children > 5 years old; = 60 breaths/min in children < 2 months old;
2 50 in children 2—11 months old; and > 40 in children 1-5 years old.

e Signs of severe respiratory distress (accessory muscle use, inability to complete full sentences, and, in children, very
severe chest wall in drawing, grunting, central cyanosis, or presence of any other general danger signs).

3. Non-severe COVID-19: Defined as absence of any criteria for severe or critical COVID-19.
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