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ABSTRACT

Background: Dysregulated inflammatory response plays a key role in the pathogenesis of COVID-19. The role of inflammatory markers
to predict adverse clinical outcome is still controversial. The aim of this study was to analyze the association of inflammatory markers
with disease outcomes independent of the effect of age and co-morbidities. Materials and Methods: This is a retrospective analysis
of COVID-19 patients admitted at a dedicated COVID center from July 2020 to Mar 2022. Clinical characteristics and inflammatory
markers namely serum Ferritin levels, CRP, D-Dimer levels, serum LDH and IL-6 Levels were studied. The following outcome
parameters were collected: disease severity at onset and outcome (discharge/death). Results: 48.4% of the of 244 COVID-19 cases
included had severe disease while 51.6% had moderate disease. Mean age was 61.3 + 14.17 years and 71.7% were males. Primary
Hypertension (48.4%) and Diabetes Mellitus (39.3%) were the most common co-morbidities. Increasing age, smoking, and alcohol
consumption were associated with severe disease. CRP, D-dimer, and IL-6 were independent risk factors for disease severity while
CRP, D dimer, LDH, Ferritin, and NLR (Neutrophil Lymphocyte ratio) were independent predictors of disease mortality. D-dimer was
the most sensitive (95.8%) and specific (92.2%) marker to predict disease severity and serum LDH was the most sensitive (74.7%)
to predict disease mortality at baseline. Conclusion: Measurement of inflammatory markers might assist clinicians in predicting
disease severity and prognosis of COVID-19. This may serve as a benchmark to understand the role of inflammatory markers in
other diseases associated with dysregulated inflammatory response.
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with 7,049,617 deaths." According to our current understanding
of the natural history of the disease, the majority of infections

Introduction

India has reported 45,039,140 confirmed Coronavirus Infectious tend to be mild (80%), requiring no active medical intervention

Disease (COVID) 19 cases till 01 June 2024 with 533,610 deaths.
Corresponding figures globally are 775,522,404 confirmed cases
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while approximately 20% may go on to develop severe disease
requiring hospitalization, need for intensive care unit (ICU)
or ventilatory support.”) While the disease evolved into a
pandemic of epic proportions, relentless efforts to understand
the pathogenesis highlighted the critical role played by the
body’s inflammatory response to the viral infection. Thus, a
number of studies have dwelled upon the incremental response
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of pro-inflammatory cytokines, C-reactive protein (CRP),
D-Dimer, and neutrophil-to-lymphocyte ratio (NLR) to predict
adverse clinical outcomes.”! We now know that patients with
severe disease requiring ICU care tend to have higher D-dimer
levels, increased lactate dehydrogenase (LDH), and serum
creatinine values besides higher neutrophil counts and prolonged
prothrombin time.F”

Among the most challenging tasks at the height of the pandemic
was controlling the viral transmission and, given the fact that we
did not have an effective antiviral strategy, based on initial studies,
immunomodulation was proposed as an effective therapeutic
response. The use of systemic steroids and Interleukin 6 (ILG)
inhibitors in this context is, particulatly, noteworthy.®!

Several elegant studies and meta-analyses have emphasized that
inflammatory markers increase in COVID-19, particularly, in

severe disease.” ¥

However significant shortcomings of these
meta-analyses included the fact that they were performed on
retrospective studies. The same cohort of patients was included
in multiple studies introducing replication. Moreover, publication

bias has been reported by several researchers.!'*7]

We now know that age and gender are well-known risk factors
for severe COVID-19. Those with co-morbidities like diabetes,
obesity, and coronary artery disease are at a higher risk of adverse
outcomes.!"®?” The majority of systemic reviews while analyzing
the role of inflammatory markers have included patients with
multiple co-morbidities who are as such at high risk of adverse
disease outcomes, and it is the same set of patients who have
higher inflammatory markers in COVID-19.2121

We propose that at this stage, there should be a concerted effort
to identify the relevance of each risk factor independently that
can cause disease progression and mortality. This will go a long
way in recognizing “at-risk” subpopulations, identifying the most
sensitive and specific inflammatory markers, and prioritizing
healthcate needs. These can thus be utilized as benchmarks in a
new pandemic outbreak. The recent surge of “Monkeypox” is
an example that we need to prioritize research.

Thus, this study aimed to analyze the association of inflammatory
markers with disease outcomes independent of the effect of age,
gender, and co-morbidities in patients admitted with moderate
and severe COVID-19.

Materials and Methods

This is a retrospective analysis of prospectively collected data
of patients admitted at a dedicated tertiary COVID center in
Western Maharashtra from July 2020 to Mar 2022.

Inclusion criteria

1. Individuals admitted to the hospital and diagnosed
“COVID-19 positive” by reverse transcriptase polymerase
chain reaction (RT- PCR)
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2. Patients with “moderate” and “severe” disease as per the
Indian Council of Medical Research ICMR) and Ministry
of Health and Family Welfare (MOHFW) case definitions
of COVID-19.!

3. Patients who had complete data records of the clinical
profile and had data records of investigations including all
of the following inflammatory markers: serum ferritin levels,
CRP, D-Dimer levels, serum LDH, and 11.-6 Levels done at
baseline.

Exclusion criteria

1. Individuals who were asymptomatic or under “mild category”
as per ICMR guidelines

2. Incomplete clinical data/record of investigations

3. Individuals who were unwilling to consent.

The institutional ethical clearance for the study was taken before
the beginning of the study. All guidelines as per the declaration
of Helsinki and good clinical practice guidelines were followed.

Case definitions

We used the ICMR and MOHFW case définitions of COVID-19
for stratification of the cases:®!

‘Asymptomatic or Presymptomatic Infection’ Cases
who test positive for Severe acute respiratory
syndrome-coronavirus (SARS-CoV-2) using a virological
test (i.e. RT- PCR) but who have no symptoms that are consistent
with COVID-19’.

‘Mild Disease’ Cases who have any of the various signs and
symptoms of COVID-19 with positive RT PCR (e.g; fever, cough,
sore throat, malaise, headache, muscle pain, nausea, vomiting,
diarrhea, loss of taste and smell) but who do not have shortness
of breath, dyspnea, or abnormal chest imaging.

Moderate disease’ Cases who show evidence of lower
respiratory disease duting clinical assessment or imaging and
who had respiratory rate >24/min and oxygen saturation (SpO,)
290 <93% on room air at sea level” with positive RT-PCR.

‘Severe disease’ Individuals who have SpO, <90% on room air at
sea level and respiratory rate >30/min, a ratio of arterial partial
pressure of oxygen to fraction of inspired oxygen (PaO,/TiO,)
<300 mm Hg, or lung infiltrates >50%’ with positive RT-PCR.

“Critical Illness”: “Cases who have features of acute respiratory
distress syndrome, sepsis ot septic shock, and/or multiple organ
dysfunction” with positive RT-PCR.

Flow of the study

After obtaining informed consent a detailed relevant history was
taken and a physical examination was performed. The following
demographic parameters namely date of RT — PCR testing,
age, and gender were included. Clinical characteristics included
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presenting symptoms, duration of illness, and co-morbidities.
All admitted patients underwent complete blood counts, liver
function tests, serum albumin levels, renal function tests, and
serum prothrombin and activated partial thromboplastin clotting
time (aPT'T). The following ‘inflammatory markers’ were studied
in all patients: serum ferritin levels, CRP, D-Dimer levels, serum
LDH, and IL-6 levels at baseline. The following outcome
parameters were collected (presenting symptoms, duration
of symptoms before the individual presented for diagnostic
RT-PCR, total duration of symptoms, severity of disease at onset,
duration of hospital stay, and the final outcome (discharge/
death).

Management of COVID 19 cases

Patients with mild and moderate disease were advised home
isolation. Those with severe illness and those at high risk were
admitted and managed as in-patients. The treatment protocols
were regularly updated by the guidelines issued by the ICMR and
MOHFW. An institutional committee would meet fortnightly to
reassess the treatment protocols, and update and approve any
changing treatment guidelines given emerging situations.

Statistics

The data was initially entered into ‘Excel sheet” format. ‘SPSS
Statistic 22.0° IBM SPSS Statistics, New York, United States) was
used for statistical analysis. Descriptive statistics (demography,
clinical features at presentation) were calculated. Continuous
variables were described by means and standard deviations,
while categorical variables were described using frequencies
and percentages. Comparisons of continuous variables were
performed using independent group #tests when the data were
normally distributed, or the Mann—Whitney U test when the data
were not normally distributed. Univariate and multivariate Cox
regression analyses were conducted to investigate the relation
between in-hospital death and levels of inflammatory markers,
while Logistics regression analyses were generated to detect the
relation between illness status and levels of inflammatory markers.
Factors that were significantly associated with primary outcomes in
univariate analyses were selected for adjustment while conducting
multivariate analyses. Based on the result of regression analyses,
Kaplan-Meier survival analyses were used to explore whether
inflammatory marker levels were associated with prognosis. All
tests were 2-tailed. P <0.05 was considered as significant.

Results

A total of 244 moderate and severe COVID-19 patients
with complete clinical records and detailed records of the
investigations were included in the present study. 48.4% of cases
had severe COVID-19 at the time of admission. There was 100%
mortality associated with severe COVID-19 in the present study.

Demographic and clinical characteristics of the cases

The mean age of the case was 61.3 * 14.17 years with male
preponderance constituting 71.7% of the cases of the present study.
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Primary Hypertension was the commonest comorbidity (48.4%)
followed by Diabetes Mellitus (DM) (39.8%) [Table 1]. The
commonest symptom at presentation was fever (52%) followed
by breathlessness (44.7%). The mean duration of symptoms at
presentation was 3.94 days. The detailed demographic and clinical
profile of cases is shown in Table 1.

Comparison of clinical and laboratory parameters
between Moderate and Severe COVID-19 cases

In a comparison of the baseline characteristics of the “Moderate”
and the “Severe” COVID-19 disease [Table 2], we found that
increasing age, history of smoking, and alcohol consumption
were the factors associated significantly with severe COVID-19
pneumonia. The baseline lab parameters of severity were also
compared at the presentation. Elevated D-dimers, elevated CRP,
Elevated ESR, Elevated LDH, Elevated Ferritin, and raised 11.-6
had significant P- values in the case of severe COVID-19 as
compared to the Moderate COVID-19 group as shown in Table 2.

Elevated inflammatory markers as an independent
risk of severity due to COVID-19

The risk factors for severe COVID-19 were detected by univatiate
and multivariate logistic regression analysis. Neutrophil count
was excluded as it has a co-linear relation with leucocytes. In
univariate analysis WBC (HR-2.23,95% CI: 1.33,3.72; P = 0.002),
CRP (HR-2.82,95% CI: 1.34, 4.56; P < 0.001), D-dimer (HR-3.64,
95% CI: 2.45, 6.66; P < 0.001), LDH (HR-4.82, 95% CI: 2.72,
8.62; P < 0.001), Ferritin (HR-5.84, 95% CI: 3.24,9.47; P < 0.001),
and IL-6 (HR-3.84, 95% CI: 2.22, 6.42; P < 0.001) were factors

Table 1: Demographic and clinical characteristics of
patients

Demographic and clinical Frequency (n=244)

characteristics of the cases

Age 61.31 (15-95) years
Male sex 175 (71.7%)
Female sex 69 (28.3%)

Diabetes mellitus 97 (39.8%)

Primary hypertension 118 (48.4%)

CAD 46 (18.9%)
CKD 17 (7%)
Lung disease 17 (7%)
Chronic liver disease 16 (6.6%)
Malignancy 22 (9%)
Fever 127 (52%)
Cough 72 (29.5%)
Myalgia 33 (13.5%)
Vomiting 7 (2.9%)
Sore throat 10 (4.1%)
Shortness of breath 109 (44.7%)
Diarrhoea 3 (1.2%)
CNS (Altered mental status) 12 (4.9%)

Moderate catageory at admission 126 (51.6%)
118 (48.4%)
3.94 (1-21) days

3 days

Severe catageory at admission
Mean duration of symptoms
Median duration of symptoms

Volume 14 : Issue 2 : February 2025



Kumar, et al.: Inflammatory markers and adverse outcome in COVID-19

Table 2: Comparison of clinical and lab characteristics of
moderate and severe COVID-19 disease

Table 3: Univariate and multivariate logistic regression
analyses of risk factors for the severity due to COVID-19

Baseline character Group of patients P
Moderate Severe
(n=126) (n=118)
Age 59.12+1.35 63.78%£12.69  0.008
Female 34 37 0.671
Hypertension 56 62 0.249
Diabetes mellitus 45 52 0.193
Chronic kidney disease 7 10 0.452
Coronaty artery disease 20 26 0.253
Chronic liver disease 6 10 0.304
Anemia 46 39 0.571
Prior respiratory disease 8 9 0.803
History of cancer 8 14 0.179
Smoking 56 68 0.039
Alcohol 32 44 0.045
Median duration of symptoms (days) ~ 3.941+2.30 3952271 0.969
Hemoglobin (mg/dl) 12.68£1.87  12.63£2.19  0.99

Total leucocyte count (/cumm) 876317124 944415244  0.527
Polymorph (%) 71.79%£13.2  74.58%£12.70 0.095
Lymphocyte (%0) 17.25+11  15.16£10.36  0.131

NLR 8.595£10.91 9.943+11.77 0.354
Platelet (Lakh/cumm) 2.63+1.07 2.59+1.26  0.776
D-dimer (ng/mL) 553.06£438 1494.997+241 <0.001
CRP (mg/dL) 12.32+9.72  31.685£10.24 <0.001

LDH (IU/L) 374.675£135  580£256  <0.001
Ferritin (ng/mL) 371.235£225 6724332 <0.001
IL-6 (pg/mL) 48.898+23 86.981t42  <0.001
Serum albumin (mg/dL) 3.235£0.95  8.32%£0.58  0.331

found to have statistically significant association with severe
COVID-19. Subsequently, we took risk factors with P-value < 0.1
for multivariate logistic regression analysis and out of these
indicators we found that CRP (HR-0.34, 95% CI: 0.14, 0.82;
P =0.0006), D-dimer (HR-2.85, 95% CI: 1.24, 5.64; P < 0.001) and
IL-6 (HR-1.54, 95% CI: 0.66, 3.48; P = 0.021) has P -values still
less than 0.05 suggesting that these three inflammatory markers
are independent risk factor for disease severity [Table 3].

Elevated Inflammatory markers as an independent
risk factor of mortality in COVID-19

We applied the Cox proportion hazard model to evaluate the effect
of inflammatory markers on the survival of these patients. In the
univariate analysis, we found that elevated WBC (HR-1.74, 95%
CI: 1.02, 2.96; P = 0.038), elevated CRP (HR-2.43, 95% CI: 1.42,
4.11; P =0.001), elevated D-dimer (HR-3.78, 95% CI: 2.15, 6.66;
P<0.001), elevated LDH (HR-4.98, 95% CI: 2.80, 8.85; P < 0.001),
elevated Ferritin (HR-5.95, 95% CI: 3.35, 10.57; P < 0.001), and
elevated 1L-6 (HR-3.76, 95% CI: 2.17, 6.50; P < 0.001) were
significantly associated mortality due to COVID-19. Further,
we took markers with P values < 0.1 into multiple regression
analysis and found that elevated CRP (HR-0.28, 95% CI: 0.10,
0.78; P = 0.015), elevated D-dimer (HR-2.56, 95% CI: 1.22,
5.85; P = 0.026), Elevated LDH (HR-3.36, 95% CI: 1.52, 7.39;
P = 0.003), and elevated ferritin levels (HR-3.28, 95% CI: 1.56,
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Univariate and multivariate logistic regression analysis of risk
factors for severity of COVID-19

Variables Univariate logistic Multivariate logistic
regression regression
P Hazard ratio P Hazard ratio
(95% CI) (95% CI)
WBC 0.002 223 (1.33-3.72) 0.455 1.59 (0.47-5.38)
Neutrophils ~ 0.029  1.75 (1.05-2.09) 0.326 0.56 (0.20-1.56)
NLR 0.288  1.31(0.79-2.18) 0.312 0.42 (0.06-2.42)
CRP <0.001  2.82 (1.34-4.506) 0.006 0.34 (0.14-0.82)
D-Dimer <0.001  3.64 (2.45-6.66)  <0.001  2.85 (1.24-5.64)
LDH <0.001  4.82 (2.72-8.62) 0.701 3.48 (1.44-7.84)
Ferritin <0.001  5.84 (3.24-9.47) 0.666 3.45 (1.46-6.82)
IL-6 <0.001  3.84 (2.22-6.42) 0.021 1.54 (0.66-3.48)

6.90; P = 0.002) had P values less than 0.05, suggesting that these
inflammatory biomarkers are independent predictor of mortality
due to COVID-19 [Table 4.

Role of inflammatory biomarkers in predicting
severity and mortality due to COVID-19

In statistical analysis we performed receiver operating curve (ROC)
for various lab parameters to assess their role in predicting severity
and mortality due to COVID-19 disease [Figure 1 and 2]. We found
that D-dimer was the most sensitive (95.8%) and specific (92.2%)
marker as to predict disease severity. Other inflammatory markers
with sensitivity > 80% were CRP, LDH, and I.-6. For prediction of
disease-related mortality: NLLR, D dimer, LDH, Ferritin, and 1L.-6
had sensitivity ranging from 60% to 75% and specificity ranging
from 50% to 70% in predicting the mortality due COVID-19.
At a cutoff of 524.1 ng/dL, D-dimer with an area under the
curve (AUC) of 0.722 which has a sensitivity of 73.6% and
specificity of 57.9% in predicting disease mortality. Similar values
of LDH and serum ferritin have been mentioned in Table 5.

Discussion

The present study includes one of the largest sample sizes from
the western part of India. Analysis of the epidemiological and
clinical profile of patients was similar to other hospital-based
studies from India.?**! Our study revealed increasing age, history
of smoking, and alcohol consumption as factors associated with
increased disease severity. This is consistent with other studies
from India and other parts of the world.?**

The primary objective of the study was to assess the role of
inflammatory markers to predict disease outcomes in COVID-19,
independent of age and co-morbid illness, hence, we focused
primarily on inflammatory markers.

CRP

Studies have highlighted that CRP is significantly elevated in
the initial inflammatory phase of COVID-19.P¥ CRP has been
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Table 4: Univariate and multivariate regression analyses
of risk factors for the mortality due to COVID-19

Univariate and multivariate cox regression analysis for risk factors
for mortality due to COVID-19

Variables Univariate logistic Multivariate logistic
regression regression
P Hazard ratio P Hazard ratio
(95% CI) (95% CI)
WBC 0.038  1.74 (1.02-2.96) 0.782  1.09 (0.58-2.07)
Neutrophils  0.281 1.35 (0.78-2.32) 0.264  0.56 (0.20-1.506)
NLR 0.004 217 (1.26-3.73) 0.027  3.12 (1.14-8.53)
CRP 0.001 2.43 (1.42-4.11) 0.015  0.28 (0.10-0.78)
D-Dimer <0.001  3.78 (2.15-6.60) 0.026 256 (1.22-5.85)
LDH <0.001  4.98 (2.80-8.85) 0.003  3.36 (1.52-7.39)
Ferritin <0.001  5.95(3.35-10.57)  0.002  3.28 (1.56-6.90)
IL-6 <0.001  3.76 (2.17-6.50) 0.216  1.66 (0.74-3.73)

postulated to be an “independent predictor” of disease severity
in COVID-19.P4 It has a significant correlation with the tisk of
thrombotic complications. Individuals with co-morbid diseases
such as obesity and type 2 diabetes and elevated CRP have a worse
prognosis in COVID-19 possibly highlighting the incremental
inflammatory aspects related to hosts’ immune response**>*
Meta-analyses and systemic reviews have provided valuable
evidence of positive co-relation of CRP levels with severe
disease. Huang ¢7 a/P" (25 studies, 5350 patients), have reported
a risk ratio (RR) of 1.84 (1.45, 2.33), p <0.001 for cumulative
poort outcomes with elevated CRP. Yamada ¢7 2/.P® have included
18 studies and 3278 patients and have concluded that elevated
CRP is associated with worse outcomes Odd’s ratio (OR) 11.97,
95% Confidence interval (CI): 4.97-28.8. Sahu ez a/P” (16 studies,
1896 survivors and 849 non-survivors) have shown a statistically
significant association of CRP with adverse outcomes in
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Figure 1: Receiver operating characteristic (ROC) curve for predicting Severity due to COVID by Inflammatory Markers namely D-dimers, IL-6
levels, Serum Ferritin, Serum Lactate dehydrogenase (LDH), C-reactive protein (CRP), and NLR (Neutrophil Lymphocyte ratio) at baseline
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Figure 2: Receiver operating characteristic (ROC) curve for predicting death due to COVID by Inflammatory Markers namely D-dimers, IL-6
levels, Serum Ferritin, Serum Lactate dehydrogenase (LDH), C-reactive protein (CRP), and NLR (Neutrophil Lymphocyte ratio) at baseline

Journal of Family Medicine and Primary Care

724

Volume 14 : Issue 2 : February 2025



Kumar, et al.: Inflammatory markers and adverse outcome in COVID-19

Table 5: Predictors of severity and mortality due to COVID-19

Predictors of severity due to COVID-19

Predictors of mortality due to COVID-19

Parameters AUC Best cut off Sensitivity (%) Specificity (%) AUC Best cut off Sensitivity (%) Specificity (%)
WBC 0.6 7650 61 58.7 0.62 7050 62.9 51.3
Neutrophils 0.562 75.5 56.8 57.1 0.648 68.5 67 39.9
NLR 0.56 5.1 56.8 50 0.673 4.69 68.1 50.3

CRP 0.856 27.9 85.6 87.3 0.596 27.95 60.7 59.9
D-dimer 0.944 5441 95.8 92.9 0.722 5241 73.6 57.9
LDH 0.791 339.5 80.5 59.7 0.739 375 74.7 62.5
Ferritin 0.777 297 79.7 66.7 0.723 370.5 72.5 69.3

1L-6 0.804 79 80.5 80.2 0.656 83 65.2 66

COVID-19 (Standard difference in means = 1.371, P = 0.000).
In the index study, CRP was found to be an independent
predictor of mortality (HR-0.28, 95% CI: 0.10, 0.78; P = 0.015),
and severity (HR-0.34, 95% CI: 0.14, 0.82; P = 0.0006), which is
consistent with other published studies.

D-Dimer levels

It is postulated that increased fibrinolysis is positively associated
with higher levels of circulating cytokines in COVID-19. The
presence of fibrin clots in the endothelial cells increases the
expression of IL 8 which further suppresses the time taken for
clot lysis and thus predisposes to thrombotic complications
seen in COVID-19.% Zhao ef o/ in their meta-regression
analysis (42 studies, 14,862 patients) have identified 106 variables
to be associated with D- Dimer levels in COVID-19. When
mild cases were compared to those with severe disease, the
mean difference in D-dimer levels was 0.97 pg/mL (95% CI
0.65, 1.29). The authors have reported significant publication
bias and have reported D- Dimer levels to be an “independent
predictor” of severe disease and associated complications. Similar
findings wete reported by Li e @/ (66 studies, 40, 614 patients).
Patients with elevated D-dimer levels were associated with poor
prognosis [OR = 4.52, 95% CI = (3.61, 5.67), p <0.001; vs.
those with low D- dimer levels [HR = 2.81, 95% CI = (1.85,
4.27), p <0.001], Other meta-analyses by Emin Duz e /!
Vidali ef a/* and Zhan et al*) have reported similar findings.

In the present study, D-dimer was found to be an independent
predictor of mortality (HR-2.56, 95% CI: 1.22, 5.85; P = 0.020)
and severity (HR-2.85, 95% CI: 1.24, 5.64; P < 0.001). It is the
most sensitive and specific marker to predict disease severity in
our study at a cutoff value of 544.1 ng/mlL. This has therapeutic
implications since the increased risk of vascular thrombosis is a
well-known complication of COVID-19.1H¢47

Serum ferritin

Coronaviruses including COVID-19 use iron-containing enzymes
for regulating replication.”™ Excess iron may also induce a
pro-coagulant state by propagating fibrin polymerization."’
Elevated levels of pro-inflammatory cytokines, metabolic acidosis,
and reactive oxygen species cause high ferritin levels in COVID-19.
Elevated serum ferritin is thus, an ‘independent risk factor’ for
the severity of COVID-19.5" Meta-analyses by Cheng ez a/F" (52
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records, 18 studies, 10, 416 patients) have concluded that those who
succumbed to infection had significantly elevated ferritin levels vs.
those who survived the illness | Weighed mean difference (WMD)
677.17;95% CI 391.01-963.33, P < .001]. Kaushal e/ a/.F? have
reported higher levels of serum ferritin in patients with severe or
critical disease vs those with mild/moderate disease, [39 studies,
standard mean difference (SMD) 0.882;0.738 to 1.020].

In the present study, serum Ferritin was found to be an
independent predictor of mortality (HR-3.28, 95% CI: 1.50,
6.90; P = 0.002) but does not show a statistically significant
association with disease severity. This discrepancy in our findings
may have occurred because of the high heterogeneity observed
in published meta-analysis which in turn can be explained by
the additive effect of other confounders/co-morbid illnesses.?

Interleukin 6

The hallmark of severe disease is the marked activation of
immune response secondary to COVID-induced inflammation
resulting in ARDS and multi-organ failure. This dysregulated
immune response is mediated by pro-inflammatory cytokines
and chemokines like IL6, IL 8, TNF o, IL 18. COVID virus
infects the respiratory epithelial cells causing tissue damage and
activation of local immune response. Coomes ¢# a/F) in their
meta-analyses of 08 studies and 02 preprints have highlighted
2.5-fold increased levels of 116 in severe COVID-19 versus those
with uncomplicated clinical course.

In the present study, 1I-6 was found to be an independent
predictor of severity (HR-1.54, 95% CI: 0.66, 3.48; P = 0.021)
but not disease mortality. This finding is particularly interesting
as 1.6 can induce the production of CRP. In our study, although
CRP is associated with disease severity as well as mortality, ILL6
is not associated with disease mortality. This is because CRP is
produced as a homopentameric protein, often termed as native
CRP (n CRP) which transforms into 05 different isomers,
i.e. monomeric CRP (m CRP) at the site of inflammation.F**)
To the best of our knowledge research in COVID-19 has not
dwelled into this aspect. Thus, we hypothesize that a particular
isoform (m CRP) which is probably associated with an increased
risk of thrombosis, is the one giving rise to an increased risk of
death in a subset of patients. Another explanation could be the
heterogeneity of reported studies.
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Serum Lactate dehydrogenase (LDH)

Initial studies evaluating the association of raised LDH with
COVID-19 showed a significant co-relation with disease severity.
Li et alP% have predicted that values more than 359.50 1U/L
are 93.2% sensitive and 83.2% specific to predict mortality in
patients with COVID-19. Martha 7 a/P" have included 21 studies
and 10, 399 patients. They have shown that composite LDH is
associated with poor outcomes (OR 5.33 (95% CI 3.90-7.31),
P <0.001) and increased mortality (OR 4.22 (95% CI 2.49-7.14)
in COVID-19. Interestingly, they reported that diabetes was
associated with increased LDH (OR 1.01 (95% CI 1.00 to 1.02),
P = 0.038) but not age and hypertension. Henry e a/F¥ (09
studies, 1532 patients) have reported that COVID-19 patients
with elevated LDH have 06 fold increased risk of developing
sevete disease and 16 fold increased risk of mortality.?¥ In the
present study, Serum LDH was found to be an independent
predictor of mortality (HR-3.36, 95% CI: 1.52, 7.39; P = 0.003)
but not severity due to COVID-19 disease. This finding is again
interesting because while multiple published meta-analysis
highlights the association with disease severity, none of the
studies have analyzed the role of different isozymes of LDH
in COVID-19. Reported literature postulates the peculiar role
played mu isozyme 3 (present in lung tissue) in those with severe
interstitial pneumonia.

Role of other markers in outcome prediction in cases
of COVID-19

NLR had a significant role in predicting the severity due to
COVID-19 and these are consistent with published literature. In
the present study, the role of serum albumin was not found in
predicting either severity or mortality due to COVID-19.

Strengths of the study

Our study has a few peculiarities. We have analyzed the role of
multiple inflammatory markers in COVID-19 independent of the
effect of confounders. This is a variance from other published
studies including systemic reviews and meta-analyses. Our sample
size is one of the largest among single-center studies that have
studied the critical role played by multiple inflammatory markers.
Our results have revealed thought-provoking findings especially
the fact that while CRP and D- Dimer levels were associated
with both the disease severity as well as mortality, 1.6 and
LDH were associated only with disease severity and mortality
respectively. Herein, lies the importance of critically studying the
isoform/isozymes of a particular inflammatory marker to better
understand their role in disease pathogenesis.

Limitations of the study

Our study has a fair share of limitations. This is a single-centre
study with male preponderance. Hence, generalizing these
findings to a heterogencous population would require further
research. Ours’ is not a follow-up study. We have analyzed our
results based on the values of inflammatory markers done at
baseline. Therefore, we shall not be able to comment on the
variation in the levels of markers and associated clinical profile.

Journal of Family Medicine and Primary Care

These biomarker levels were not blinded to treating physicians.
Moreover, the results have to be interpreted in light of the fact
that at the onset we did not have a clear understanding of the
disease pathogenesis.

Conclusion

Measurement of inflammatory markers might assist clinicians
in predicting disease severity and prognosis of COVID-19. This
may serve as a benchmark to understand the role of inflammatory
markers in other diseases associated with dysregulated
inflammatory response.
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