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Ab s t r Ac t 
Aims and objectives: The coronavirus disease-2019 (COVID-19) pandemic has led to an urgent need for reliable biomarkers to identify disease 
severity. Infection with COVID-19 is rapidly spreading posing a serious threat to community health. This study aims to identify the most effective 
biomarker among C-reactive protein, procalcitonin, lactate dehydrogenase, and ferritin to predict disease severity. The routine biochemical 
markers (LFT, RFT, electrolytes, CKNAC, CKMB, blood glucose level) were also evaluated for correlation with disease severity.
Materials and methods: The present study is retrospective type. The study protocol was approved by IEC. The levels of biochemical markers 
of admitted COVID-19 positive patients were analyzed after determining the normal distribution and their significance was determined by 
calculating the p value. The accuracy of the biomarkers [C-reactive protein (CRP), PCT, lactate dehydrogenase (LDH), and ferritin] was checked 
using ROC analysis.
Results: Five hundred and ninety-one COVID-19 positive patients admitted to the hospital (from May 2020 to December 2020) were considered 
for the study. Out of these 231 (39.1%) were admitted to the intensive care unit (ICU) and 360 (61%) were in-ward patients. The mean age of 
the study population was 50.39 ± 16.7, with ICU patients significantly older than non-ICU patients (p < 0.001) and 50–75 years being the most 
common age group. There was a statistically significant difference in the values of CRP, LDH, PCT, ferritin, AST, albumin, urea, CKNAC, sodium, 
potassium, and blood glucose levels (p value < 0.05).
Conclusion: The severity of COVID-19 disease can be identified at an early stage by following the different routine biochemical marker levels 
and subsequently improve prognosis. Inflammatory markers (CRP, PCT, LDH, and ferritin) serve as useful guidance for determining disease 
severity in COVID-19 patients.
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In t r o d u c t I o n 
Coronavirus disease-2019 (COVID-19) is a form of zoonosis caused 
by the novel coronavirus which has caused a global pandemic 
emergency.1 The fatality rate due to COVID-19 is lower than the 
previous two coronavirus diseases [i.e., severe acute respiratory 
syndrome (SARS) and the Middle East respiratory syndrome (MERS)] 
but the long incubation period and non-availability of effective 
antiviral therapy has led to many casualties creating havoc all over 
the world. Although the clinical characteristics of COVID-19 have 
been defined,2 research on laboratory abnormalities found in 
patients with COVID-19 is still less known.

Symptoms of the disease in most of the patients are usually seen 
within a week and consist of fever (body temperature 37–38°C), dry 
cough, and malaise. About 17% of cases may progress to severe 
pneumonia complicated with acute respiratory distress syndrome 
(ARDS), multi-organ failure, and septic shock.1,3,4 Many recently 
published articles have reported the epidemiological and clinical 
features of patients with COVID-19 disease, but data regarding the 
laboratory characteristics of infected individuals are limited.5–7 
Biochemical parameters between mild and severe cases of COVID-
19 show significant differences in tests of liver function such as 
bilirubin (Total and direct), aspartate transaminase (AST), alanine 
transaminase (ALT), total protein, albumin; glomerular function, 
i.e., urea, creatinine, and cardiac function such as troponin I and 
creatine kinase (CKMB and CKNAC). It is also seen that a very high 
level of procalcitonin, ferritin, lactate dehydrogenase (LDH), and 
C-reactive protein (CRP) is associated with an increased rate of 

intensive care unit (ICU) admissions as compared with those of 
non-ICU dependent patients.8–10

Specific biochemical parameters like ferritin, CRP, LDH, and 
procalcitonin can be used for assessing disease severity in such 
patients.11 Thus, this study aims to provide an insight into the 
biochemical abnormalities seen in patients with COVID-19.

MAt e r I A l s A n d Me t h o d s 
This study is retrospective type. The COVID positive patients’ data 
were stratified into two groups depending on their severity.12 Mild 
and moderate patients’ data who required in-ward hospitalization 
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were put in one group and those having severe disease requiring 
ICU care were put in the other group. The investigation results data 
of patients from May 2020 to December 2020 was collected from 
Laboratory Information System (LIS) and analyzed statistically with 
appropriate tests, by using Prism (Graph pad Software, San Diego, 
CA, USA) software package.

Inclusion Criteria
All patients ≥18 years of age positive for COVID-19 disease by 
RT-PCR.13

Exclusion Criteria
COVID-19 positive patients not requiring hospital admission/OPD 
patients.

The biochemical markers were analyzed after determining 
the normal distribution and their significance was determined by 
calculating the p value by unpaired t-test for normally distributed 
data and by Mann–Whitney U test for the rest. The accuracy of 
the biomarkers (CRP, PCT, LDH, and ferritin) was checked using 
ROC analysis. The biochemical parameters were estimated by 
commercially available standard kits with internationally accepted 
methods on fully automated analyzers—IMOLA by Randox and 
iArchitect by Abbott diagnostics. The research protocol was 
approved by the Institutional Ethics Committee (certificate no. 
BVDUMC/IEC/19).

re s u lts 
Five hundred and ninety-one COVID-19 positive patients 
admitted to the hospital (from May 2020 to December 2020) were 
considered for the study. Out of these majority of patients (61%) 
who had mild to moderate symptoms were admitted in wards, 
and those having severe disease (39.1%) were admitted to the 
ICU. The mean age of the study population was 50.39 ± 16.7. The 
most common age group was between 50 years and 75 years, with 
ICU patients significantly older than non-ICU patients (p < 0.001). 
There was no significant difference in the distribution of patients 
based on gender (Table 1).

The laboratory investigation showed the ICU patients to be 
having significantly higher values of inflammatory markers CRP, 
ferritin, LDH, and procalcitonin than the non-ICU patients. The 
routine biochemical parameters thereof, total bilirubin, direct 
bilirubin, total protein, albumin, AST, urea, creatinine, sodium, 

and potassium were also seen to be significantly deranged in 
the patients admitted in ICU suggesting profound liver and renal 
damage in these patients (Table 2).

Receiver operator characteristics were performed and area 
under the curve (AUC) values were determined. Area under the 
curve for significant parameters is shown in Table 3 and Figure 1, 
LDH showing the maximum area under the curve suggesting to 
be the one of the best marker for predicting disease severity in 
COVID-19 patients. The AUC suggests that the probability of the 
particular biomarker is higher for the severe patients (ICU group) 
than that for the non-severe patients (non ICU group).

dI s c u s s I o n 
The ongoing COVID-19 pandemic has propelled an urgent need 
to explore effective disease severity predictors. The present study 
establishes biomarkers that can accurately predict the severity 
of COVID-19 patients. Our study showed that LDH is significantly 
increased in patients experiencing a severe course of the disease 
compared with those with mild disease. The AUC was highest 
for LDH in our study thereby demonstrating its role as the most 
potential biomarker in predicting COVID-19 severity. A study 
conducted in Changsha by Zheng et al. also observed LDH as an 
important biomarker for disease severity.17 In their study, LDH levels 
were significantly elevated in patients with severe COVID-19. Chen 
et al. also documented an association of elevated levels of LDH 
in patients with disease severity.18 Their research, as well as ours, 
concluded a substantial association between LDH levels and disease 
severity. Lactate dehydrogenase levels are predicted to be high in 
these patients due to increased vascular permeability in immune-
mediated lung injury and hemolysis.19,20

Our analysis showed that CRP is significantly elevated in 
severe cases when compared with mild ones (p < 0.001) which 
was in concordance with a study conducted by Qin et al. who 
in their research has stressed the use of CRP to predict disease 
prognosis (p value < 0.001).21 Gao et al. have reached the same 
conclusion but in our study, the AUC of CRP was 0.600 which was 
much higher than their study.8 The conclusion reached by Zheng 
et al. in identifying CRP as a significant marker for predicting 
the severe manifestation of COVID-19 is similar to ours.22 Their 
values of milder disease, along with another study, were similar 
to our findings.17,22 C-reactive protein levels are considered to be 
elevated in COVID-19 disease as CRP activates the complement 

Table 1: Demographic distribution of patient data

S. no. Characteristics Total (n = 591) ICU (n = 231) Non-ICU (n = 360) p value
1 Age 50.39 ± 16.7 56.8 ± 13.8 46.2 ± 17 <0.001

 Age (males) 51.8 ± 16.6 58.02 ± 13.8 47.5 ± 17.17 <0.001
 Age (females) 56.8 ± 13.9 54.15±13.81 43.97 ± 16.86 <0.001

2 Age groups n (%) n (%) n (%)
 15–25 38 (6.4) 2 (5.1) 37 (94) <0.001*
 26–50 246 (41.6) 76 (30.9) 173 (70.3)
 51–75 275 (46.5) 140 (50.9) 135 (49.1)
 >75 31 (5.2) 16 (51.6) 15 (48.4)

3 Hospital admission n (%) n (%) n (%)
 Males 387 (65.4) 159 (41) 228 (58.9) 0.17*
 Females 204 (34.5) 72 (35.2) 132 (64.7)

*p value by Chi-square test
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system and enhances phagocytosis for enhancing the clearance 
of virus from the body.

The significance of ferritin as a biomarker to monitor and predict 
disease severity as compared to CRP and LDH was much lower in our 
study. This conclusion differs from what is reported by many other 
studies, most of them identifying serum ferritin to be a significant 
marker for the prediction of disease severity.18,23 A study in Wuhan, 
China, found a strong association of serum ferritin as a marker for 
severe disease.21 The association between the levels of ferritin and 
disease severity was closer to our study in terms of statistics, with 
our study reporting a p value of <0.001 at admission compared 
with their p value of 0.049.18 Increased serum ferritin concentration 
is due to the production of cytokines by macrophages and as 
macrophages account for the majority of the immune cells in the 
lung parenchyma, they are responsible for the secretion of serum 
ferritin. Additionally, ferritin synthesis can be induced by several 

inflammatory stimuli like IL-6 which are known to be elevated in 
COVID-19 disease.24

Our results also demonstrated the use of PCT to be a significant 
biomarker of the disease, which is dissimilar to the conclusions 
reached by Gao et al., where the authors did not find a significant 
association between PCT and disease severity.8 On the contrary, 
several studies have reported a significant association between 
the elevated levels of PCT and disease severity.17,25 This association 
seen in our study between PCT and its predictability of disease 
severity may be due to the higher rates of bacterial co-infection 
and ventilator-associated pneumonia.

Cardiac markers (troponin I and CKMB) were not effective in 
predicting the severity in our study which was dissimilar to the 
findings by Tersalvi et al.26 Regarding the laboratory investigations 
total and direct bilirubin, total protein, albumin, AST, urea, 
creatinine, sodium, potassium, and glucose were all associated with 
disease severity in our study, a finding similar to many previously 
conducted research studies.22,27

However, there were few limitations in our study, the major one 
being the confounding factors of various comorbidities that may 
be the cause of severe immune dysregulation in certain patients. 
Also, secondary bacterial infections and multi-organ failure can 
also aggravate the immune dysfunction, which cannot be solely 
attributed to the viral agent being studied.

co n c lu s I o n 
We studied the effect of various biochemical markers in the 
severity of COVID-19 and the order of effectiveness among the 
markers. Our findings concluded that LDH and CRP were superior 
to serum ferritin and PCT as an effective biomarker in predicting 

Table 2: Comparison of laboratory investigations among patients of COVID-19

S. no. Parameter Reference range14–16 ICU Non-ICU p value
1 C-reactive protein 0–5 mg/L 124 (65–198) 40 (14–100) <0.001
2 Procalcitonin <0.05 ng/mL 0.25 (0.09–1.2) 0.06 (0.03–0.19) <0.001
3 Ferritin Males: 21.8–274.6 ng/mL, Females: 

4.63–204 ng/mL
467 (246–969) 271 (124–558) <0.001

4 LDH 230–460 IU/L 1,001 (789–1,222) 614 (441–850) <0.001
5 T. bilirubin 0.2–1 mg/dL 0.69 (0.48–0.99) 0.57 (0.4–0.86) <0.001
6 D. bilirubin 0.1–0.3 mg/dL 0.22 (0.13–0.37) 0.17 (0.11–0.28) <0.001
7 AST 5–35 IU/L 47.5 (31–76) 35 (20–60) <0.001
8 ALT 5–40 IU/L 33 (22–58) 32 (18–52) 0.179
9 ALP 98–279 IU/L 233 (182–323) 229.5 (171–283) 0.196

10 Total protein 6–8 g/dL 6.3 (5.8–6.8) 6.6 (6.1–6.9) 0.0002
11 Albumin 3.5–5.2 g/dL 3.7 (3.5–4.4) 4.1 (3.7–4.3) <0.001
12 Urea 10–45 mg/dL 42.5 (27–59) 21.5 (14.2–31) <0.001
13 Creatinine Males: 0.9–1.3 mg/dL, Females:  

0.6–1.1 mg/dL
1 (0.8–1.3) 0.9 (0.8–1.1) 0.04

14 Sodium 136–145 mEq/L 135 ± 5.1 134 ± 4.9 0.01
15 Potassium 3.5–5.1 mEq/L 4.4 ± 0.9 4.1 ± 0.7 <0.001
16 Troponin I 0–0.04 ng/mL 0.01 (0.01–0.06) 0.01 (0.01–0.012) 0.184
17 CKNAC 25–200 IU/L 95 (60–479) 58 (43.7–196.8) 0.029
18 CKMB 0–24 IU/L 41 (25–64) 32 (19–53) 0.06
19 Random glucose 70–140 mg/dL 160 (127–235) 125 (103–207) 0.003

Table 3: Area under the curve values for significant parameters

S. no. Variable AUC 95% CI p value
1 CRP 0.754 0.7089–0.7993 <0.001
2 LDH 0.771 0.729–0.814 <0.001
3 PCT 0.736 0.688–0.783 <0.001
4 Ferritin 0.647 0.596–0.698 <0.001
5 AST 0.613 0.559–0.667 <0.001
6 Albumin 0.668 0.616–0.720 <0.001
7 Urea 0.681 0.630–0.732 <0.001
8 CKNAC 0.629 0.518–0.739 0.02
9 BGL 0.612 0.538–0.686 0.003
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the severity of COVID-19. The severity of COVID-19 can be identified 
at an early stage by following the different routine biochemical 
marker levels and subsequently improve prognosis. Inflammatory 
markers (LDH, CRP, PCT, and ferritin) serve as useful guidance for 
determining disease severity in COVID-19 patients in this region with  
COVID-19.
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