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ABSTRACT
Introduction: COVID-19 is a highly infectious disease and varies in the severity of presentation as well 

as survival outcome due to varied inflammatory responses. Hence, the present study is aimed to evaluate the 
role of inflammatory markers in predicting the outcome of COVID-19 in hospitalized patients. 

Methods: A total of 272 confirmed COVID-19 patients were included in the study. Clinical and 
demographic data were collected. Biochemical, hematological, and inflammatory markers were assessed in 
all patients. Disease severity and primary outcome as survival and or mortality were recorded. 

Results: Hematological indices and inflammatory markers were significantly higher among the 
non-survivors. Interleukin-6 (IL-6) can differentiate non-survivors from survivors with 100% sensitivity 
and 70.2% specificity, with a cut-off value of 79.6 in the receiver operator curve (ROC). As disease severity 
was increasing, IL-6 and C-reactive protein (CRP) were significantly increased among patients. Survival 
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INTRODUCTION

COVID-19 is caused by beta-Coro-
navirus, with the severe acute res- 
piratory syndrome-Coronavirus-2 
(SARS-CoV-2) being responsible for 
the current pandemic. COVID-19 

infection can be either asymptomatic or present 
with severe and critical symptoms (1). The pre-
senting symptoms may range from mild fever, 
runny nose, cough, and redness of eyes to chest 
pain, shortness of breath, and coma (2). The in-
fection predominantly affects the respiratory sys-
tem, but it can also have an impact on various 
other organs. This varied clinical presentation is 
attributed to a differences in the immune re-
sponse of individuals (3). SARS-CoV-2 principally 
infects lower respiratory tract pneumocytes. Vi-
rus replication is associated with host cell pyrop-
tosis, causing the release of damage-associated 
molecular patterns (DAMPs), which trigger the 
generation of proinflammatory cytokines and 
chemokines like type I interferons (IFN-a and 
IFN-b) that protect from any viral infection (4). 
The interferon released in young individuals may 
be responsible for inhibition of virus replication 
and hence, they usually have only a mild infec-
tion. However, in old individuals with multiple 
comorbidities, and due to immune system se-
nescence, chronic low-grade systemic inflamma-
tion, termed inflammaging and delayed release 
of interferons, leads to further recruitment of 
neutrophils, macrophages, and monocytes (5). 
The defective immune response causes an over-
production of pro-inflammatory cytokines, 
known as cytokine storm, that damages the lung 
alveoli, causing severe acute respiratory syn-
drome (6), which in turn results in sepsis and 
multiple organ system damages. 

Earlier studies observed higher levels of pro-
inflammatory factors such as IL-2, IL-7, IL-10, IL-6, 
macrophage inflammatory protein 1a (MIP1a), 

and tumour necrosis factor (TNF) in COVID-19 
patients with intensive care support. (7). Lactate 
dehydrogenase (LDH), IL-6, CRP and creatinine 
were elevated in patients with respiratory failure 
(8). Elevated serum IL-6 levels were noted in pa-
tients with severe COVID-19 symptoms and can 
be an early predictor of patients’ outcome (9). 

The present study was done to assess the as-
sociation of various inflammatory markers with 
the outcome of COVID-19 patients, so that thera-
peutic strategies against overactive cytokine re-
sponse with immunomodulators, but in a ba-
lanced way with the adequate immune response 
to clear the pathogen, can be planned. q

MATERIAL AND METHODS

The current research, a cross sectional observa-
tional study, was conducted between March 

2020 and December 2020 at a tertiary care cen-
ter in West India after obtaining the ethics appro-
val of the Institute Ethics Committee 
(AIIMS/IEC/2020-21/2003). Two hundred se venty 
two patients aged ≥18 years, who were admitted 
to specified wards/intensive care for COVID-19, 
have been enrolled in the study after obtaining 
their informed written consent. On their first visit 
to the hospital, a baseline assessment of variables 
was done, including socio-demogra phic profile 
and novel corona virus 2019 (nCoV-19) positive 
test confirmed by a RT-PCR test. Patients were 
categorized into asymptomatic, mild, mode rate, 
and severe as per MoHFW (Ministry of Health 
and Family Welfare) criteria and a symptomatic, 
mild, moderate, severe, and critical as per WHO 
criteria (9). They were all ma naged as per the 
MoHFW guidelines (10).

Patients were observed for worsening signs of 
COVID-19 in the form of hypotension, sepsis, 
MODS, pneumonia, ARDS, respiratory failure, 
myocarditis, CAD, heart failure, acute kidney in-
jury, DVT, pulmonary thrombo-embolism, and 
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analysis showed that an elevated level of IL-6 was significantly associated with mortality and Cox regression 
analysis showed the hazard ratio (HR) of IL-6 was 0.996 (P<0.007). 

Conclusion: The results of the present study implicate that increased levels of IL-6 and CRP were 
significantly correlated with severity and mortality in COVID-19 patients. In addition, the dynamic 
measurement of neutrophil-to-lymphocyte (N/L) ratio, IL-6, and CRP in COVID-19 might be used as 
predictors of prognosis and outcome.

Keywords: inflammatory marker, COVID-19, outcome, mortality, ROC.
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stroke. Blood samples were analyzed for com-
plete hemogram, renal and liver function tests, 
CRP, IL-6, ferritin, D-dimer, LDH, and CK-Nac. 
Patients’ outcome in terms of recovery and mor-
tality was noted.

Statistical analysis
Data were analyzed using SPSS 22.0. Quantita-
tive variables were represented as mean ± SD or 
median. Qualitative data were presented as num-
bers and percentages. Chi-square test was used to 
find the difference among qualitative data. 
Man-Whitney U test, a non-parametric test, was 
used to explore the difference between survivors 

and non-survivors. Overall survival was assessed 
by Cox proportional hazards regression models. 
Receiver-operating characteristic (ROC) was done 
to find the cut-off value of N/L ratio, IL-6, and 
CRP to predict the outcome in COVID-19 pa-
tients. The P-value of less than 0.05 was consi-
dered statistically significant. q

RESULTS

Table 1 shows the basic characteristic of 
COVID-19 patients (73.9% males and 26% 

females). Hypertension was the commonest co-
morbidity, followed by diabetes and ischemic 
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TABLE 1. Basic characteristics of COVID-19 patients TABLE 2. Predictors of mortality among COVID-19 
patients
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heart disease (IHD). Of the total number of pa-
tients, 89.7% survived and only 18.4% had com-
plications. According to WHO criteria of severity, 
17.3% were severely ill and 13.2% critically ill, 
whereas MoHFW criteria included both in a sin-
gle category (severe disease). The presence of 
hypertension and complications were signifi-
cantly higher in the non-survival group. The 
presence of respiratory distress among non-sur-
vivors was also associated with poor outcome. 
(Table 2).

Hematological indices, including total leuco-
cyte count, neutrophil count, and N/L ratio 
(P<0.0001), were significantly elevated among 
non-survivors. Inflammatory markers, including 

IL-6 (P<0.0001), CRP(P<0.0001) and ferritin, 
were also higher among non-survivors. Levels of 
aspartate transaminase (AST), alanine transami-
nase (ALT), urea, creatinine, D-dimer, LDH, and 
N-acetylcystein creatinkinase (CK-Nac) were also 
significantly increased among patients with a poor 
outcome (Table 3). The receiver operator curve 
analysis of IL-6, CRP, and N/L ratio showed a good 
sensitivity of 100%, 80% and 68%, respectively 
with a cut-off of 79.9, 48.8, and 4.4, respectively 
in predicting the outcome of COVID-19. Of all 
markers, IL-6 appears to have 100% sensitivity 
and 70.2% specificity (Figures 1 and 2, Table 4).

Patients with COVID-19 were divided into 
two groups, according to IL-6 (≤79 and >79) and 

TABLE 3. Inflammatory 
profile and biochemical 
parameters among survivors 
and non-survivors

TABLE 4. Performance 
criteria of inflammatory 
markers in discriminating 
the outcome of COVID-19
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CRP (≤48.8 and >48.8) levels. Survival analysis 
showed that elevated levels of IL-6 and CRP were 
significantly associated with mortality. The unad-
justed HRs of IL-6 and CRP for mortality were 
0.996 (CI 0.994-0.999, P<0.007) and 1.1 
(CI 1.002-1.012, P<0.008), and independent 
predictor of mortality (Figure 3). q 

DISCUSSION

In our study, the male gender was mostly affec-
ted by COVID-19. Patients’ mean age was also 

significantly higher among non-survivors when 
compared to survivors. Hypertension (76%) was 
the most common comorbidity found in 
COVID-19 infected patients, followed by diabe-
tes mellitus, IHD, asthma, cardiovascular disease 
(CVD), and chronic kidney disease (CKD). Ac-

cording to our findings, hypertension was highly 
associated with complications, similarly to those 
obtained by Yang J. et al (12). The most prevalent 
symptoms included fever, cough, and respiratory 
distress, followed by sore throat, muscle pain, 
headache and diarrhea. When compared to sur-
vivors, the incidence of respiratory distress was 
substantially higher among non-survivors. The 
current study showed that the mean age of 
non-survivors was higher than survivors. Pre vious 
studies had demonstrated that older age, male 
gender, hypertension, diabetes mellitus, and car-
diovascular disease represented major risk fac-
tors for severe COVID-19 and mortality (13, 14). 

The values of leukocyte count, neutrophil 
count, and N/L ratio were significantly increased 
and platelet count was significantly decreased in 
non-survivors, indicating the inflammatory state of 
SARS-CoV-2 infection. A study demonstrated that 
elevated N/L ratio and decreased platelet count 
were useful predictors for severity and mortality in 
COVID-19 patients admitted in intensive care 
units (15). In our study, N/L ratio had good sensi-
tivity and specificity in discriminating clinical out-
comes in COVID-19 patients. Yang et al found 
that N/L ratio was an independent predictor of 
severity and poor outcome in COVID-19 patients 
(16).  

Inflammatory responses play a vital role in the 
course of COVID-19 and many inflammatory 
markers have been identified for measuring the 
severity and may be a potential treatment 
target (17). 

Interleukin-6 is an acute-phase inflammatory 
cytokine that becomes elevated within two to 
three hours of infection and reflects the severity, 
degree of lung inflammation and association with 
poor clinical outcome in COVID-19 patients 
(18, 19). We found a significant elevation of IL-6 
in non-survivors when compared to survivors. 
Furthermore, it has been reported that an IL-6 
level >240 pg/mL was associated with poor out-
come in COVID-19 patients (20). Also, IL-6 has 
the greatest sensitivity in predicting mortality 
among non-survivors in COVID-19 patients. In 
our study, as severity increased, the mean value of 
IL-6 was significantly increased from asympto-
matic to severe cases. Similarly, another study has 
shown that IL-6 was significantly increased in the 
group with critically severe disease when com-
pared to that with severe disease (21). 
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FIGURE 1. 
ROC curve 
of laboratory 
markers as 
predictors of 
COVID-19 
outcome

FIGURE 2. 
ROC curve 
of laboratory 
markers as 
predictors of 
COVID-19 
outcome
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FIGURE 3. Cox 
proportional hazard 
ratio showing the 
relation between 
mortality and 
COVID-19 based on 
levels of interleukin-6 
(IL-6) and C-reactive 
protein (CRP)

In our study, IL-6 was the best marker for as-
sessing the severity shown by ROC analysis, with 
an AUC of 0.835. Survival analysis showed that 
elevated levels of IL-6 were significantly associa-
ted with mortality and Cox regression analysis 
showed the HR of IL-6 was 0.996, which predic-
ted mortality among COVID-19 patients. Further-
more, COVID-19 patients with IL-6 levels greater 
than 32.1 pg/mL were more likely to experience 
severe complications, and IL-6 was an indepen-
dent forecaster of COVID-19 severity (22). Liu 
et al found that the mortality rate was higher in 
patients with an IL-6 level >7 pg/mL. Cox propor-
tional hazards and logistic regression analyses 
showed that mortality rate and disease severity 
were greater in patients with elevated levels of 
IL-6 (23). Hence, it could be used as a potential 
biomarker for the assessment of severity and mor-
tality in COVID-19 patients.

C-reactive protein is an acute-phase protein 
produced along with IL-6, an indicator of infla-
mmation and tissue damage; CRP levels were also 
found to be elevated among non-survivors. C-re-
active protein is significantly correlated with ferri-
tin and IL-6 and suggestive of elevated inflamma-
tory response in COVID-19. In our study, as 

severity increased, the mean value of CRP was 
significantly increased from asymptomatic to se-
vere cases. Hence, we determined a cut-off value 
for CRP which may help in predicting mortality in 
COVID-19 patients. The CRP value of > 48 mg/dL 
increases the risk of mortality among the patients. 
In line with our study, Liu et al have also stated 
that CRP >41.8 mg/dL was associated with di-
sease severity (23). In the present study, cumula-
tive hazard analyses showed that elevated CRP 
levels were significant predictors of mortality in 
COVID-19 patients. Elevation of CRP is a predic-
tive biomarker for severity and mortality among 
COVID-19 patients and those who require ICU 
admission. Thus, our results confirmed those pro-
vided by several earlier studies (24-26).   

Not only these cytokines are heightened in se-
vere symptoms but they are also promising bio-
markers to differentiate between mild, moderate, 
and severe cases. Exacerbated inflammatory re-
sponses in SARS-CoV-2 are associated with the 
risk of developing severe symptoms such as lung 
injury, ARDS, multi-organ failure, and poor prog-
nosis (27). In our study, biochemical parameters, 
including AST, ALT, urea, creatinine, LDH, CK-Nac, 
D-dimer, and ferritin, were significantly increased 
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among non-survivors when compared to survi-
vors. These abnormalities suggest that SARS-CoV-2 
infection is associated with hepatic, renal, and 
myocardial injury as well as other organ damages 
(28). Besides, Wang et al (29) showed that AST, 
ALT, LDH, and D-dimer levels were significantly 
increased in critical COVID-19 patients. Ferritin is 
the mediator of inflammatory response released 
along with CRP and IL-6 and it is associated with 
fatal outcomes in COVID-19 patients. Epidemio-
logical studies demonstrated that COVID-19 pa-
tients had a rapid activation of the innate immune 
response through the elevation of acute phase 
reactants such as ESR, CRP, IL-6, and ferritin (30). 

The fact that our research was conducted in 
single tertiary healthcare centre, on a relatively 
small sample size of only 272 patients, was a limi-
tation in our study. q

CONCLUSION

Interleukin-6 has been contemplated as the 
most accurate predictor of severity and morta-

lity in COVID-19 patients among routine investi-
gations. Furthermore, measuring IL-6 levels in 
the blood can aid in the development of thera-
peutics targets for IL-6 or its signaling for the 
treatment of COVID-19 patients. The present 
results implicated that increased IL-6 and CRP 
levels were significantly correlated with severity 
and mortality in COVID-19 patients. In addition, 
the dynamic measurements of N/L ratio, IL-6, 
and CRP in COVID-19 patients might be used as 
predictors of prognosis, outcome, and therapeu-
tic response. These inflammatory markers and 
clinical characteristics need further investigations 
to a large scale. q
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