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A R T I C L E  I N F O A B S T R A C T

Background

Inflammatory and hematological markers are used 
extensively for early prognostication and monitoring 
in COVID-19.

We aimed to determine whether routinely prescribed 
laboratory markers can predict adverse outcome at 
presentation in COVID-19.

Methods

This retrospective observational study was performed 
on 401 samples collected between July to December 
2020 from COVID-19 positive subjects, admitted at 
All India Institute of Medical Sciences, Delhi, India. 
Clinical details and laboratory investigations within 
3 days of COVID-19 positivity were obtained. Clinical 
outcomes were noted from patient medical records, 
till discharge or death. Laboratory parameters, with 
individually defined cut-offs, were used, either singly 
or in combination to distinguish survival and death 
for those having severe and non-severe disease at 
initial presentation. 

Findings

Total Leukocyte count, Absolute neutrophil count, 
Neutrophil to Lymphocyte ratio, C-Reactive Protein 
(CRP), Interleukin-6 (IL-6), Lactate Dehydrogenase, 
Ferritin and Lymphocyte to CRP ratio (LCR) were sig-
nificantly altered at presentation in severe COVID-19 
as compared to non-severe cases; and, also in those 
who died due to COVID-19 compared to those 
who survived. A combination of four markers, CRP 
(≥3.9mg/dL); IL-6 (≥45.37pg/ml); Ferritin (≥373ng/
mL); 1/LCR ≥0.405 was found to strongly predict mor-
tality in cases with non-severe presentation as also in 
severe cases. 

Conclusion and Interpretation

The combination of routinely used markers, CRP, IL-
6, Ferritin and 1/LCR can be used to predict adverse 
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outcomes, even in those presenting with mild 
to moderate disease. This would identify sub-
set of patients who would benefit from closer 
monitoring than usual for non-severe disease. 



INTRODUCTION

Coronavirus disease (COVID-19) caused by se-
vere acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) has infected more than 500 mil-
lion people worldwide and has caused more 
than 6 million deaths (1). The clinical presenta-
tion of COVID-19 varies from asymptomatic cas-
es to mild flu-like symptoms, to high fever and 
severe respiratory illness (2). Often, cases have 
rapid respiratory deterioration, shock, and/or 
multiple organ dysfunction or failure. Timely 
diagnosis of impending complications has be-
come most important to contain the severity of 
disease as well as prevent fatality or any other 
adverse outcomes. Real-time polymerase chain 
reaction (RT PCR) has been the mainstay for 
COVID-19 diagnosis (3), however, routine tests 
such as hemogram and inflammatory marker 
levels have been used extensively to facilitate 
the assessment of disease severity and prog-
nostication (4,5).

The serum levels of acute phase reactants (APRs) 
including serum C-reactive protein (CRP), ferri-
tin and Interleukin 6 (IL-6), are known to exhibit 
significant changes due to infectious and non-
infectious conditions including COVID-19 (4-6). 
Studies have also investigated serial evaluation 
of ferritin and other markers to help in prognos-
tication (7). Other markers like d-dimer, lactate 
dehydrogenase (LDH), neutrophil to lympho-
cyte ratio (NLR), platelet to lymphocyte ratio 
(PLR), lymphocyte to CRP ratio (LCR) have also 
been studied. Amongst these, CRP, although 
a non-specific marker of inflammation, has 
emerged as the most widely used single marker 

in COVID-19 patients (8,9). Recent studies have 
even advocated the use of multiple markers like 
ferritin-transferrin ratio, NLR and WBC counts 
to be used together (10,11). However, no objec-
tive criteria for prediction of mortality could be 
evolved till date and no study till date explored 
the idea of assessing simultaneous derange-
ment of multiple inflammatory and hemato-
logical markers for prognostication of adverse 
outcomes in mild and severe COVID-19 disease. 
The novelty of this study is to use a combination 
of regularly prescribed laboratory parameters 
in combination, with individually defined cut-
offs, to define the risk of death at initial presen-
tation, in both non-severe and severe COVID-19 
disease.

METHODS

This study is a retrospective, observational 
analysis of hospital and laboratory reports of 
401 COVID-19 positive patients, confirmed by 
RT-PCR, admitted in COVID-19 care facility of a 
tertiary teaching hospital in New Delhi, India 
between July 2020 to December 2020 and in-
cludes unvaccinated individuals. The patient 
records were compiled as a part of a sample 
repository to facilitate retrospective research. 
(Institutional Ethics Committee approval: Ref 
No. IEC-578/19.06.2020, RP-03/2020). Blood 
samples for baseline laboratory assessment as 
per clinicians’ requests were collected within 
three days of positive RT-PCR report. The clini-
cal details regarding the severity of the disease 
at initial presentation and outcome in terms of 
survival (S) or death (D) were noted from the 
patient medical records comprising their entire 
hospital stay till discharge or death. The pa-
tients were categorized into mild to moderate 
or non-severe (NSD), and severe (SD) groups 
as per the Indian Council of Medical Research 
(ICMR) and Ministry of Health and Family 
Welfare guidelines (12). Patients with history of 
recent surgery or hematological malignancies  
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were excluded from the study. All the patients 
were treated as per institutional protocol.

Complete blood count (CBC) parameters were 
run on Sysmex hematology analyzer (XN-9000) 
Kobe, Japan. Total leukocyte count (TLC), abso-
lute lymphocytes (ALC) and absolute neutrophil 
count (ANC), platelet count (PC) were noted. 
NLR, PLR and LCR were calculated using abso-
lute neutrophil and lymphocyte counts. Serum 
samples were analyzed on Roche Cobas 8000 
series c702 and e801 analyzers for CRP (Tina-
quant C-Reactive Protein IV - Roche Diagnostics),  
ferritin (Elecsys® Ferritin - Roche Diagnostics) 
and LDH (Lactate Dehydrogenase - Roche Diag-
nos tics). IL-6 was estimated using Beckman DXI 
CLIA system.

For analysis, patients were divided into 4 sub-
groups based on their initial disease severity and 
final outcome: (a) Mild to moderate COVID-19 
illness who survived (NSD-S); (b) Mild to moder-
ate COVID-19 illness who succumbed to death 
(NSD-D); (c) Severe COVID-19 illness who sur-
vived (SD-S) and (d) severe COVID-19 illness 
who succumbed to death (SD-D). The Spearman 
correlation was calculated among the inflam-
matory markers and represented using correla-
tion matrix graph. The comparison of laboratory 
parameters between NSD and SD, and between 
S and D was analyzed using t-test for paramet-
ric data and the Mann-Whitney U test for non-
parametric data. Laboratory parameters were 
compared between all four subgroups (a to d) 
using analysis of variance (ANOVA) or Kruskal-
Wallis test. Continuous data were reported as 
mean ± standard deviation (SD) and categorical 
data were reported as number (percentage). 
Non-parametric data were reported as median 
(range). A receiver operating characteristics 
(ROC) curve analysis was carried out to assess 
the discriminative ability of various labora-
tory parameters between survival and death 
in both, severe and non-severe disease. The 
cut-off and its sensitivity and specificity along 

with area under the ROC curve was reported. 
Further, with a sensitivity of 80% the cut-offs for 
four parameters which had maximum AUC in 
the ROC analysis were decided. An unadjusted 
and adjusted (for age and gender) likelihood of 
death for patients presenting with any three or 
all four out of the four elevated inflammatory 
markers (CRP ≥3.9 mg/dL, IL-6 ≥45.37 pg/mL, 
ferritin ≥373 ng/mL and 1/LCR ≥0.4052), and 
clinical severity was calculated using univariate 
and multivariate logistic regression models re-
spectively. The results were reported as odds 
ratio and 95% CI. A p-value (two-sided) of less 
than 0.05 was considered statistically signifi-
cant. All the statistical analyses were carried out 
using Stata 16.0 (StataCorp LLC, Texas, USA) and 
GraphPad ver.9. 

RESULTS

In total, 401 adults (267 males and 134 females) 
were recruited in the study. Table 1(a) repre-
sents the distribution of patients as per severity 
and outcome whereas Table 1(b) summarizes 
the laboratory results amongst all patient sub-
groups: COVID-19 patients having severe (SD) 
and non-severe disease (NSD) at presentation, 
as well as, among those who survived (S) and 
those who succumbed to COVID-19 (D). TLC, 
ANC, NLR, CRP, IL-6, LDH, and ferritin were seen 
to be significantly higher in SD as compared to 
NSD. A similar trend was also obtained for D 
v/s S patients. In contrast, LCR was significantly 
lower in SD compared to NSD; and also in D 
with respect to S patients. However, PLR was 
not significantly different amongst subgroups 
of severity or mortality. 

The median (range) of laboratory parameters is 
shown as box plots (Figures 1a for SD and NSD 
patients and 1b for outcome of patients with S 
and D). Table 2 compares the different labora-
tory parameters amongst the 4 subgroups (a-
d) as described in Methods section and several 
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Table 1a Clinical characteristics of  patients on basis of  severity and mortality 
due to COVID-19 (n=401)

Data presented as n (%) and mean±SD.

Severity
Overall 
(n= 401)

Non-severe disease 
(NSD, n=234, 58.3%)

Severe disease 
(SD, n=167, 41.7%)

Gender M (154) F (80) M (113) F (54)

Age, years (mean ± SD) 52.2 ± 15.6 51.03 ± 15.6 54.95±15.5 51.3±15.7 53.6 ± 15.7

Survivors (S) 277(69.1%) 145 77 36 19

Non-survivors (D) 124 (30.9%) 9 3 77 35

Total No. (%) 401 (100%) 154 (38.4%) 80 (19.9%) 113 (28.1%) 54 (13.6%)

Table 1b Laboratory parameters of  COVID-19 patients (n=401)

Parameter 
(unit)

Non-severe 
(NSD, n=234)

Severe  
(SD, n=167)

p- 
value

Survived 
 (S, n=276) 

Death  
(D, n=124)

p- 
value

Hemoglobin 
(g/dL)

11.25 
(3.60-18.8)

10.5  
(5.3-20) 0.160 10.5  

(3.60-18.8)
11.3  

(5.6-20) 0.29

TLC  
(x103/µL)

9.67 
(0.90-40.8)

12.91  
(0.34-47.5) <0.001 10.04  

(0.71-40.8)
13.05  

(0.34-47.57) <0.001

Platelet Count 
(x103/µL)

196.5 
(14-905)

180  
(10-591) 0.067 201.5  

(11-905)
169.5  

(10-591) 0.002

ANC 
(x103/µL)

7.91 
(0.05-36.68)

11.31  
(0.03-43.91) <0.001 8.1  

(0.05-36.6)
11.47  

(0.03-43.91) <0.001

ALC 
(x103/µL)

0.94 
(0.01-6.01)

0.90  
(0.10-9.8) 0.88 0.94 

(0.01-9.8)
0.091  

(0.12-6.84) 0.057

NLR 7.82  
(0.53-79.58)

10.5(0.09-
157.17) 0.006 7.7  

(0.5-120.12)
12.30  

(0.09-157.17) <0.001

PLR 217.15 
(8.62-12400.79)

184.26  
(4.9-2026.5) 0.256 200.7  

(6.1-12400.7)
201.07  

(4.93-2026.5) 0.861
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Data presented as median (range). TLC: total leukocyte count; ANC: absolute neutrophil count; ALC: absolute lym-
pho cyte count; NLR: neutrophil to lymphocyte ratio; PLR: platelet to lymphocyte ratio; CRP: C-Reactive protein, 
IL-6: Interleukin 6; LDH: lactate dehydrogenase; LCR: lymphocyte CRP ratio.

CRP  
(mg/dL)

6.6 
(0.10-132)

11.4  
(0.10-46.7) <0.001 6.65  

(0.10-132)
13.4  

(0.1-46.7) <0.001

IL-6  
(pg/mL)

49.09  
(0.61-1624)

111.87 
(1.15-1624) <0.001 51.5  

(0.61-1624)
165.03 

(4.34-1624) <0.001

LDH  
(U/L)

548.5  
(44-6705)

616  
(243-3742) <0.001 545.5  

(44-6705)
665.5  

(243-3742) <0.001

Ferritin 
(ng/mL)

585  
(19.7-13638)

856  
(8-25755) 0.004 553  

(7.9-13638)
1099  

(18.9-25755) <0.001

LCR 1.72  
(0.01-300)

0.73  
(0.04-91) <0.001 1.66  

(0.01-300)
0.58  

(0.04-38) <0.001

Figure 1 Levels of  laboratory parameters in: 
(a) severe v/s non-severe disease; (b) survival v/s death
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Table 2  Laboratory parameters by subgroups

Data represented as median (range) and mean ± SD*.
a: (NSD-S) Mild to moderate COVID-19 who survived; b: (NSD-D) Mild to moderate COVID-19 who succumbed to death; 
c: (SD-S) Severe COVID-19 who survived; d: (SD-D) severe COVID-19 who succumbed to death.
Hb: Hemoglobin; TLC: total leukocyte count; PC: Platelet count; ANC: absolute neutrophil count; ALC: absolute lympho-
cyte count; NLR: neutrophil to lymphocyte ratio; PLR: platelet to lymphocyte ratio; CRP: C-Reactive protein, IL-6: Interleu-
kin 6; LDH: lactate dehydrogenase and LCR: lymphocyte CRP ratio.

a (NSD-S) b (NSD-D) c (SD-S) d (SD-D) p-value

Number (%) 222 (55.4) 12 (3) 55 (13.7) 112 (27.9) -

Age*, years 52.2±15.6 54.7±16.1 48.5±17.5 53.7±14.5 0.22

Hb (g/dL) 11.13±2.7 11.2±1.9 9.9±2.6 11.2±2.9 0.024

TLC 
(x103/µL)

9.6 
(0.9-40.8

9.2 
(5.8-26.8)

12.4 
(0.7-35.5)

13.1 
(0.3-47.5) <0.001

PC 
(x103/µL)

199 
(14-905)

172.5 
(15-298)

221 
(11-570)

169.5 
(10-591) 0.015

ANC 
(x103/µL)

7.9 
(0.05-36.7)

8.09 
(4.8-23.8)

10.2 
(0.4-32.9)

11.5 
(0.03-43.9) <0.001

ALC 
(x103/µL)

0.9 
(0.01-6.0)

0.83 
(0.3-1.4)

1.02 
(0.1-9.8)

0.9 
(0.12-6.8) 0.03

NLR 7.7 
(0.5-79.5)

9.5 
(5.7-28.2)

8.5 
(0.7-120.12)

12.5 
(0.09-157.2) 0.001

PLR 217.2 
(8.6-12400)

219.1 
(21.6-562.6)

169.9 
(6.1-1855.9)

196.5 
(4.9-2026.5) 0.49

CRP 
(mg/dL)

6.4 
(0.1-132)

20.85 
(1.8-37.4)

10 
(0.1-41.1)

13.15 
(0.1-46.7) <0.001

IL-6 
(pg/mL)

46 
(0.6-1624)

213 
(13-1528)

73.6 
(1.1-1528)

153.9 
(4.3-1624) <0.001

LDH 
(U/L)

537.5 
(44-6705)

644 
(421-934)

578 
(241-3490)

667 
(243-3742) 0.002

Ferritin 
ng/mL)

558 
(20-13638)

1068 
(428-2000)

500 
(8-5787)

1099 
(19-25755) <0.001

LCR 1.76 
(0.01-300)

0.52 
(0.09-5.3)

1.05 
(0.08-91)

0.56 
(0.04-38) <0.001
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parameters showed significant differences be-
tween the subgroups. The correlations between 
some of the laboratory parameters were statis-
tically significant namely: IL-6 vs LDH; Ferritin vs 
CRP; TLC vs NLR; NLR vs PLR; PLR vs LCR; IL-6 
vs CRP; IL-6 vs LCR; LDH vs TLC; Ferritin vs LCR; 
CRP vs LCR; TLC vs LCR; NLR vs LCR, and is as 
depicted using scatter plot matrix in Figure 2. 

Table 3 summarizes the ROC analysis with indi-
vidual parameter-wise cut-offs, specificity, and 
AUC for a fixed sensitivity of 80.6%. It was ob-
served that the AUC of individual parameters to 
distinguish between death and survival varied 
between 0.710 and 0.614 which are generally 

considered to be poorly discriminatory. To im-
prove the discriminatory power, we tried a com-
bination approach with two, three and four pa-
rameters together. The parameters which had  
the highest point estimates of AUC amongst all 
parameters (CRP, IL-6, ferritin and 1/LCR with 
AUC of 0.659, 0.710, 0.654 and 0.674 respec-
tively), were chosen. We derived the individual  
parameter-wise cut-offs keeping a sensitivity of 
80.6%. Next we defined subsets of patients who 
had these parameters elevated as per our de-
rived cut-offs (as shown in Table 3). It is evident 
that the percentage of patients succumbing to 
death increased with the increased number of 

Figure 2 Correlations between laboratory parameters using scatter plot matrix
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Figure 3 Distribution of  patients with abnormal laboratory parameters among 
death and survival groups

Legend: Bar diagram shows the number of patients with one or more abnormal laboratory parameters amongst the 
four selected using designated cut-offs: CRP (≥3.9 mg/dL); IL-6 (≥45.37 pg/ml); Ferritin (≥373 ng/mL); LCR1 ≥0.405 
(LCR1 is 1/LCR).

Table 3 Receiver Operating Characteristics curve for different laboratory 
parameters against death (n= 395#)

*LCR 1 is inverse of LCR (1/LCR), $ Specificity and AUC given keeping the sensitivity fixed at 80.6% for all parameters, 
#Samples from patients with age≥18 years included.

Parameter Cut-off Specificity$ Area under curve$

IL-6 (pg/ml) ≥45.37 46.13% 0.710

LCR1* ≥0.405 42.07% 0.674

CRP (mg/dL) ≥3.9 33.21% 0.659

Ferritin (ng/mL) ≥373 35.06% 0.654

ANC (x103/µL) ≥6.15 30.87% 0.627

NLR ≥5.76 35.06% 0.624

LDH (U/L) ≥421 31.00% 0.616

TLC (x103/µL) ≥7.55 29.89% 0.614



eJIFCC2023Vol34No1pp042-056
Page 51

Sudip Kumar Datta et al.
A combination of markers associated with the risk of death in unvaccinated individuals with COVID-19 infection

Table 4 Age and sex adjusted Odds ratios (OR) for death v/s survival using clinical 
and laboratory characteristics (n= 395#)

Data presented as n (%), Odds Ratio (OR) with 95% Confidence Interval (CI), $ No. of parameters selected out of four 
having values above cut-off, * Adjusted for age and gender, @ Reference category, # Samples from patients with age 
≥18 years included.

Severity 
of disease 

at onset

No. of 
parameters 
selected$

Survived 
(S)

Death 
(D)

Total 
Number 

Unadjusted 
OR 

(95% CI) 

P- 
value

Adjusted  
OR* 

(95% CI) 

P- 
value

Non severe 
(NSD)

2 or less@ 104 
(97.2) 

3 
(2.8) 107 1.0 - 1.0 -

3 or more 114 
(92.7)

9 
(7.3) 123 2.73  

(0.72-10.38) 0.139 2.62  
(0.69-10.0) 0.157

Severe 
(SD)

2 or less 18 
(42.8)

24 
(57.2) 42 46.22  

(12.59-169.6) <0.001 47.64  
(12.91-175.77) <0.001

3 or more 35 
(28.5)

88 
(71.5) 123 87.16  

(25.91-293.1) <0.001 88.76  
(26.25-300.08) <0.001

Non severe 
(NSD)

3 or less@ 167 
(97.7)

4 
(2.3) 171 1.0 - 1.0 -

All 4 51 
(86.4)

8 
(13.6) 59 6.54  

(1.89-22.6) 0.003 6.26  
(1.80-21.71) 0.004

Severe 
(SD)

3 or less 34 
(37.8)

56 
(62.2) 90 68.76  

(23.36-202.3) <0.001 70.20  
(23.75-207.47) <0.001

All 4 19 
(25.3)

56 
(74.7) 75 123.05 

(40.15-377.1) <0.001 128.33  
(41.62-395.64) <0.001

parameters (out of our four defined parame-
ters) having values above the decided cutoff by 
the ROC analysis (Figure 3). 

Next, we analyzed the different subgroups 
based on clinical severity at onset, with refer-
ence to the presence of number of abnormal 
laboratory parameters as per our defined crite-
ria. These were assessed to determine the likeli-
hood of death with adjustment for age and gen-
der (Table 4). NSD patients with three or more 
elevated markers, had an adjusted risk of death 

(95% CI) of 2.62 (0.69-10.00) times when com-
pared to NSD with two or less markers. For SD 
with three or more elevated markers, the ad-
justed risk of death was 88.76 (26.25-300.08), 
compared to SD with two or less markers hav-
ing, the adjusted risk of death of 47.64 (12.91-
175.77). Further, the combination of all four of 
the chosen inflammatory or hematological pa-
rameters versus three or less of these param-
eters were also analyzed similarly. The striking 
feature of this analysis is that when all four 
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parameters are deranged (as per our cut-offs) 
in the NSD group, there is a 6.26 (1.80-21.71) 
fold increase in the likelihood of death (95%CI) 
when compared with those having three or less 
deranged parameters. In SD patients with all 4 
elevated markers, the adjusted risk of death was 
128.33 (41.62-395.64), compared to SD with 3  
or less markers having, the adjusted risk of death 
of 70.20 (23.75-207.47). 

The results were further analyzed to find the 
independent effect of severity of disease and 
elevation of all four laboratory parameters ad-
justing for age and sex. The patients having SD 
were having 37.97 (19.15-75.27) times higher 
adjusted risk of death compared to NSD and all 
four elevated parameters had 2.48 (1.36-4.51) 
times higher adjusted risk of death as compared 
to 3 or less elevated parameters. The predictive 
ability of this model as assessed by AUC of the 
ROC for this model was 0.89.

DISCUSSION

It has been widely reported that in COVID-19, 
despite the presence of mild to moderate symp-
toms initially, many patients go on to develop 
complications such as acute respiratory distress 
syndrome (ARDS) and may succumb to death 
(13,14). Several laboratory markers like, TLC, 
ANC, NLR, CRP, IL-6, LDH, Ferritin, d-dimer etc. 
have been studied for prognostication and the 
importance of these markers used individually, 
has been reported. However, not enough litera-
ture is available on the combined use of these 
markers to facilitate prognostication in the ini-
tial phase of the disease. The novelty of our ap-
proach lies in using routinely prescribed inflam-
matory and hematological parameters, that 
were assessed and compared between patients 
presenting with varying severity of COVID-19 
disease.

In our study, TLC, ANC, NLR, CRP, IL-6, LDH, and 
Ferritin were found significantly higher and LCR 

significantly lower in those with SD compared to 
NSD and in those who succumbed to death due 
to COVID-19 compared to them who survived. 
These markers are routinely done as a part of 
COVID-19 workup but are produced as a result 
of different pathophysiological processes and 
work independently. Their serum levels do not 
necessarily correlate strongly with each other 
as has been observed in the correlation matrix. 
Even the ROC analysis revealed poor discrimina-
tory performance of individual parameters. We 
then used a combination of four markers (CRP, 
IL-6, Ferritin and 1/LCR) with cut-offs defined 
at 80.6% sensitivity and we found that these 
together were valuable in predicting mortality 
even in the cases that were non-severe at pre-
sentation. Next we took a novel combination 
approach, where, to improve the discriminato-
ry power, we evaluated two, three and four pa-
rameters together. Further evaluation was done 
on the subset of patients who had these param-
eters (CRP, IL-6, ferritin and 1/LCR) elevated as 
per our derived cut-offs. 

Studies on inflammatory markers including se-
rum ferritin, procalcitonin (PCT), CRP, and IL-6 
have reported these markers to be significantly 
associated with the high risks of the poor prog-
nosis and development of severe disease with 
COVID-19 (5,15). There is a higher risk of ARDS 
and lung damage in those having elevated CRP 
levels (16,17). Recent literature has shown that 
IL-6 levels are significantly higher in the initial 
phase of the disease or at admission in those 
who develop more severe symptoms or suc-
cumb to the disease or have interstitial lung in-
volvement (13,14).

A few studies including the current one showed 
the association of increased ferritin levels with 
severity and mortality in COVID-19 (18,19), 
however, some studies report higher ferritin to 
be a bystander rather than being a true charac-
teristic of COVID-19 (20). 
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In a meta-analysis of 28 studies LDH levels re-
ported in severe vs. non-severe groups showed 
mean difference of 154.49 (95% CI 121.24 - 
191.73, p < 0.001) (21). On comparison a sta-
tistically significant and raised level of LDH was 
also seen in patients admitted to ICU vs. non-
ICU patients (mean difference = 272.98; 95% CI: 
195.46, 350.51; p < 0.001), and in patients who 
could not survive vs. survived patients (mean 
difference = 259.21; 95% CI: 166.91, 351.51; p  
< 0.001) (21).

Lymphopenia is caused by multiple factors in-
cluding direct viral injury due to expression of 
ACE 2 on surface of lymphocytes (15), cytokine 
storm causing lymphocyte apoptosis induced by 
interleukins, as well as atrophy of lymphoid or-
gans leading to reduced turn over. In the initial 
part of the disease, peripheral blood leukocyte 
and lymphocyte counts are normal or slightly 
reduced (22). With progression, significant lym-
phopenia occurs along with deterioration in 
medical condition and increase in inflammatory 
mediators in the blood. In our study, samples 
were collected within 3 days of positive RT-PCR 
for COVID-19, hence, significant difference in 
ALC between SD and NSD (p=0.88), and between 
S and D (p=0.057) was not observed. However, 
TLC and ANR were significantly increased in 
those with SD compared to NSD as seen in other 
studies. It has been reported that lymphopenia 
on admission (lymphocyte count < 1,100 cells/
μl) is associated with a three times higher risk 
of poor outcomes, in younger vs older patients  
(22). Lymphocyte counts were lower in patients 
with ARDS, severe disease requiring ICU care, 
and in non-survivors (23). Interestingly, NLR, 
PLR, and LCR (all having Lymphocyte count as a 
component) have been reported extensively as 
prognostic biomarkers in COVID-19 studies (24-
31). The increased mobilization of neutrophils 
due to increased release of pro-inflammatory 
cytokines leads to higher neutrophils in pe-
ripheral blood and relative lymphopenia, as a 

manifestation of severe infection. Lymphopenia 
along with stress-mediated neutrophilia, leads 
to a high NLR value and increased NLR was found 
to be associated with poor clinical outcome in 
severe COVID-19 (24). Another similar biomark-
er, LCR, which has previously been studied and 
used as a prognostic marker for various cancers, 
including colon and gastric carcinomas (25,26) 
serves as a marker for the systemic inflammato-
ry process due to interaction of tumor and host 
immune cells (27). Since COVID-19 also leads to 
a systemic inflammatory response, LCR helps in 
prognostication and management of patients. 
NLR and LCR have thus been studied as inflam-
matory markers that reflect systemic inflamma-
tory response, and both are easily available in 
almost all the laboratories (24,26,28). In our 
study, NLR was found to be higher and LCR was 
found to be significantly lower in SD compared 
to NSD and in D compared to S. Yang et al, 2020 
reported that 46.1% of their COVID-19 patients 
with age ≥ 49.5 years and NLR ≥ 3.3, were likely 
to become severe, within a mean duration of 
6.3 days; thus, close monitoring for progression 
of the disease is required (29). 

From all the previous studies no single pre-
dictive laboratory parameter has emerged for 
prognostication. In our study we report that if 
four markers with decided cut-offs: CRP (≥3.9 
mg/dL); IL-6 (≥45.37 pg/mL); Ferritin (≥373 ng/
mL); 1/LCR ≥0.405 are used together it acts as a 
significant predictor of adverse outcome even 
in cases of clinically non-severe disease as well 
as sever disease. The novelty, of this study is 
the use of routinely prescribed laboratory pa-
rameters being used to do so. Thus, it provides 
a cost-effective solution for prognostication in 
COVID-19 cases. 

The outcome of COVID-19 may depend upon 
multiple factors like strain of virus, host fac-
tors, comorbidities, vaccination status etc. 
This study was carried out during the first wave 
of COVID-19 in India when all the individuals 
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were non-vaccinated and had no previous ex-
posure to the virus. Thus the findings of the 
study though interesting need to be validated in 
the current scenario. Another limitation of the 
study was non availability of data regarding the 
co-morbidities of the patients, if any. Overall, 
this study presents an interesting outlook for 
prognostication using routinely available and 
prescribed diagnostics.

CONCLUSION

The combination of routinely used markers, 
CRP (≥3.9 mg/dL), IL-6 (≥45.37 pg/mL), Ferritin 
(≥373 ng/mL) and 1/LCR ≥0.405 can be used to 
predict adverse outcomes, even in those pre-
senting with mild to moderate disease. This 
would identify a subset of patients who would 
benefit from closer monitoring than usual 
for non-severe disease. The authors however 
feel, that at this juncture it is difficult to pre-
dict which patients would have derangements 
of which parameters, hence routine screening 
for all the above-mentioned tests would be 
the appropriate strategy. However, endeav-
ors to use machine-learning tools to develop 
artificial intelligence-based algorithms using 
larger data sets could be taken up to develop 
more cost-effective and accurate predictors for 
prognostication.
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