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Introduction

Ever since its identification in Wuhan district of the Chinese
province of Hubei in December 2019, the SARS-Cov-2 has spread
to almost 170 countries I'l. The emergence of variants of corona virus
with more efficient transmissibility and/or virulence and fatality has
made search for the prognostic markers imperative ?/. The SARS
Cov 2 variant of concern (VOC) evolves in areas with low vaccine
coverage and a high rate of virus in circulation. VOC is defined by
WHO as virus variant with evidence of increase in transmissibility
causing severe disease, significant neutralization by antibodies,
reduced effectiveness of treatment or vaccines and diagnostic
detection failure. The Delta variant (B.1.617.2) emerged in India at
a time of low vaccine coverage and high transmission rate leading to
outbreaks 1*#l. This variant of interest became variant of concern. It
was dominant globally and was classified by WHO on May 202151,

During the second wave, many laboratory parameters were
deemed for prognosis of COVID 19. Validating their potential as
relevant prognostic markers, determining their cut-offs and ensuring
their availability everywhere is challenging. Choosing a readily
available and right test for the right geographical region is a better
strategy but not bereft of potential errors /. The aim of our study
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was to establish cut off levels of some biochemical markers which
are associated with the disease severity and the prognosis of a patient
with COVID 19 at presentation.

Material and Methods

This cross-sectional study was conducted on all patients presenting
with influenza like illness and positive for COVID -19 by RT- PCR.
The COVID positive cases were confirmed by RT- PCR (ICMR
approved Covipath kit) in nasopharyngeal swab, nasopharyngeal
aspirate, and bronchoalveolar lavage (BAL) specimens.

All COVID-19 RT PCR positive patients were categorized
into mild, moderate and severe category any time during hospital
stay based on the WHO guidelines January 25th 2021 and guidelines
of ICMR (Indian council of medical research) 2020 !, Patients with
pre-existing chronic lung disease like chronic bronchitis and
emphysema and those who were RT-PCR negative were excluded
from this study. They were subjected to biochemical tests (viz. serum
IL-6, D-dimer, procalcitonin, albumin, ferritin, AST, ALT, LDH and
TLC) after taking a written consent from them and these clinical
parameters were compared between the three categories of severity.
Comparison of all clinical and some biochemical parameters was
done. The serum biochemical parameters were assayed by ELFA
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(enzyme linked fluorescent assay), chemiluminescence assay,
nephlometry and colorimetric assay on auto analyzers in
biochemistry section and microbiology section of Himalayan
Central Diagnostic and Research Laboratory (HCD&RL). An
attempt was made to estimate the cut off value of parameters to
predict the transition to severe category from mild and moderate
disease level. The final outcome was classified as either recovery
(with or without residual disability) or death due to COVID-related
complications.

Approval from both - research and ethical - committees was obtained
before start of the study.

Results

A total of 240 patients (Males 163; 67.9%) with COVID-19 infection
were included in the study and were admitted in this tertiary care
hospital during March 2021 to July 2021. These patients were
categorized into three clinical categories - mild (n=66; 27.5%),
moderate (n=108; 45%) and severe (n=66;27.5 %) - based on
WHO/ICMR guidelines 2021 for COVID -19. The major co-
morbidities  were  diabetes (n=41;17.1%), hypertension
(n=34;14.16%) and cardiovascular disease (n=26; 10.83%). Fever
(n=158,65.8 %), breathlessness (n=173,72.1%)  fatigue
(n=201;83.75 %), dry cough, myalgia, loss of taste, nausea,
vomiting, diarrhea and chills and loss of smell sensation and
headache were some common symptoms. Compared with mild
group, the moderate and severe groups were significantly older
(median age 53.284+16.29) and had underlying comorbidities. The
symptoms of shortness of breath, dyspnea and myalgia was more in
severe group. Most patients had moderate type of illness progressing
to unfavorable outcome. Even milder ones had a number of post
COVID complications. Persisting headache, nausea, vomiting,
diarrhea, weakness, slow cerebration and memory loss were seen in

a number of cured patients. The results of the comparison of the
biochemical parameters between the categories are given in table 1.
Significant difference in TLC, neutrophils and lymphocytic ratio
(NLR), AST, ALT, LDH, D-dimer. IL-6 procalcitonin, C-reactive
proteins and Ferritin was observed.

Mortality was seen in 91 patients (n=91; 37.9%) and 149
patients were cured and were followed up later on OPD basis. The
mean age was 51.40£14.79 years in those who were cured and
55.28+13.97 in those who expired. Significantly the disease severity
was not associated with age although mean age of those who expired
was 55.28+13.9 (p=0.39). Table 2 compares the two outcome
groups. The groups were significantly different in terms of mean
NLR, LDH, D-dimer. IL-6, procalcitonin, c-reactive proteins (CRP),
ferritin and albumin. Mean troponin levels were comparable. The
mortality rate was higher among patients with severe or critical
levels of biochemical parameters.

The moderate and severe categories of patients were clubbed
together and an attempt was made to calculate the cutoff value from
mild and moderate plus severe using the receiver-operated curved
(ROC) technique of the above-mentioned parameters (table 3).
Multi-logistic regression analysis- predictive value was applied to
all the parameters to detect severity of illness.

The area under curve was largest for albumin and area under
curve for lymphocytes ranked second. Even troponin I (0.471) and
ALT (0.450) showed great area under the curve emphasizing their
significance in predicting the progression to severity.

Similarly, we calculated the cut-offs for patients in moderate
and severe categories of disease (table 4) The area under curve is
highest for serum albumin in transition from moderate to severe
cases followed by ALT, IL-6 and AST. IL-6 had greater AUC in
transition from moderate to severe as compared to mild to moderate.

Table 5 shows area under curve for ferritin, CRP and IL-6 is
maximum (.72) followed by that of procalcitonin with credible
sensitivity and specificity in the outcome groups.

Table 1: Comparison of biochemical parameters of the 3 clinical subgroups

Variable Severity p-value
Mild moderate Severe
NE 70.98 (62.72 - 79.03) 73.05 (62.23 - 81.30) 78.49 (68.28 - 84.85) 0.001
Lymphocytes 17.76 (10.28 - 22.26) 16.40 (7.74 - 24.8) 11.60 (3.13 - 16.87) 0.01
NLR 4.36 (2.96 - 7.95) 4.38 (2.54 - 10.49) 6.78 (3.89 - 30.16) 0.004
Albumin 3.53+0.61 3.41+0.52 3.41 £0.36 0.313
D-dimer 0.88 (0.47 - 2.11) 1.13 (0.67 - 2.15) 1.27 (0.91 - 3.48) 0.013
IL-6 13.07 (4.35 - 51.50) 37.80 (19.04 - 165.08) 56.34 (30.05 - 206.49) <0.0001
LDH 335 (251 - 430.25) 426 (263.75 - 568.25) 498 (355 - 688) <0.0001
AST 48 (32 -74) 56 (35-87) 60 (40 - 112) 0.104
ALT 38.5(21-75.75) 40.50 (29.0-72) 40 (29-77.5) 0.44
Ferritin 359.77 (201.26-689.28) 579.59 (226.83-1139) 953.04(267.7-1200) <0.0001
CRP 39.75 (10.13 - 63.49) 53.41 (16.75-95.61) 100.93 (51.79 - 172.34) <0.0001
Procalcitonin 0.13 (0.05 - 0.45) 0.31 (0.07 - 2.52) 0.58 (0.29-2.48) <0.0001
Troponin 5.5(1.5-23.03) 5.4(1.5-12.9) 16.20(5.4-39.8) 0.053
Table 2: Comparison of biochemical parameters of the outcome groups of COVID infection
Variable Outcome p-value
expired cured
NE (N=240) 79.8 (73.65-87.56) 70.9 (62.35-79.15) <0.001
Lymphocytes (N=240) 11.22(4.5-16.9) 17.3(9.28-23.3) 0.003
NLR (N=234) 6.78 (4.28-16.18) 4.13 (2.74-8.53) 0.002
Albumin (N=227) 3.35+0.52 3.51+0.51 0.023
D-dimer (N=219) 1.37(0.88-2.70) 0.90(062-1.97) 0.001
IL-6 (N=184) 84.06(34.94-242.77) 19.29(6.83-66.55) <0.001
LDH (N=220) 467(337.35-654.50) 363.50(251.50-486) <0.001
AST (N=226) 56(36-113) 50(34-78) 0.16
ALT (N=228) 40(27.5-69) 41(26-78) 0.97
Ferritin (N=229) 1072.48(459.09-1200) 359.77(197.56-720.48) <0.001
CRP (N=206) 81.25(52.47-172.33) 37.36(14.66-78.30) <0.001
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Procalcitonin (N=176) 0.58(0.22-2.55) 0.14(0.05- 0.78) <0.001
Troponin (N=96) 12.40(2.10-26.50) 5.50(1.50-16.95) 0.16
Table 3: Sensitivity and specificity and cut-off values of laboratory parameters in mild and moderate plus severe cases
Variable Sensitivity Specificity AUC Cut-off Value Asymptotic 95% Confidence Interval
Lower Bound Upper Bound

NE 41% 45% 435 74.15 357 S12
Lymphocytes 55% 56% 573 15.5 496 .650

NLR 45% 45% 423 4.77 347 .500

Albumin 60% 60% .594 3.49 .507 .680

D-dimer 42% 40% 372 0.96 287 457

IL-6 33% 33% .296 27.85 .203 .389

LDH 38% 38% .339 378.5 .263 415

AST 43% 44% 426 52.5 .345 .507

ALT 47% 48% 450 39.5 364 .536

Ferritin 39% 39% .356 473.83 281 430

CRP 37% 37% 356 47.19 .280 433
Procalcitonin 37% 38% 323 0.23 .238 408

Troponin 46% 46% 471 6.2 342 .601

Table 4: Sensitivity and specificity and cut-off values of laboratory parameters in moderate and severe cases

Variable Sensitivity Specificity AUC Cut-off Value Asymptotic 95% Confidence Interval
Lower Bound Upper Bound
NE 38% 42% 0.39 77.69 0.30 0.47
Lymphocytes 57% 58% 0.61 13.45 0.52 0.70
NLR 42% 42% 0.39 5.78 0.30 0.47
Albumin 53% 55% 0.52 3.39 0.43 0.61
D-dimer 46% 47% 0.39 1.21 0.30 0.48
IL-6 44% 45% 0.44 49.39 0.34 0.55
LDH 44% 43% 0.40 445.00 0.31 0.49
AST 48% 49% 0.44 58.00 0.35 0.54
ALT 50% 52% 0.48 40.50 0.39 0.57
Ferritin 38% 37% 0.40 713.80 0.31 0.49
CRP 39% 39% 0.31 63.15 0.22 0.40
Procalcitonin 45% 46% 0.40 0.44 0.30 0.49
Troponin 38% 39% 0.32 8.80 0.19 0.45
Table 5: Sensitivity and specificity and cut-off values of laboratory parameters in outcome groups
Variable Sensitivity Specificity AUC Cut-off Value Asymptotic 95% Confidence Interval
Lower Bound Upper Bound
NE (N=240) 67% 68% 0.68 76.25 .604 751
Lymphocytes (N=240) 42% 42% 385 14.27 311 459
NLR (N=234) 61% 61% .621 5.45 .546 .697
Albumin (N=227) 44% 44% 407 343 331 482
D-dimer (N=219) 62% 61% .636 1.15 .561 710
IL-6 (N=184) 69% 70% 738 43.74 .665 811
LDH (N=220) 59% 60% .642 416.5 .567 716
AST (N=226) 53% 53% .556 55.5 477 .634
ALT (N=228) 51% 49% .502 395 425 578
Ferritin (N=229) 70% 70% 124 557.93 .655 792
CRP (N=206) 63% 63% 721 55.83 .649 793
Procalcitonin (N=176) 63% 63% 708 0.39 .631 784
Troponin (N=96) 57% 56% .585 6.95 465 706

Discussion

The laboratory parameters namely procalcitonin, LDH, NLR, D-
dimer, ferritin, IL-6, TLC and CRP are indicative of severity of the
COVID infection and a bad prognosis. The identification of these
critical patients at an earlier stage shall help in reducing the mortality
due to this disease.

In our study the age did not show significant association with
severity of the disease(p=0.39) although those with moderate and
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severe disease were slightly older (mean age 53+14.38 yrs). Yuan X
et al showed mean age of 66yrs and47.9% were male whereas in our
study 67.9%were male 7). In study by Wang D et al the mean age of
patients was 58 yrs and 51 % were male ®1.

The TLC (Total leucocyte count) showed a direct
relationship with severity of the disease. Raised TLC was
significantly associated with severity of the disease and this is in
accordance with study by Wang D 8. Most viral infections are
associated with lymphocytosis but infection with corona virus

55


http://www.ijirms.in/

International Journal of Innovative Research in Medical Science (IJIRMS)

family SARS -CoV, SARS CoV 2 cause lymphocytic depletion in
infected people 7!, Elevated NLR (Neutrophil lymphocytic ratio)
resulting in increased neutrophil count and decreased lymphocytic
count are associated with high risk and bad prognosis.
Thirumalaisamy P et al found lymphocytopenia clearly associated
with disease severity "%l NLR varied significantly in our study
between mild, moderate and severe cases (p=0.004).

Cytokine release storm is a systemic inflammatory response
with multi organ failure ["'"'* and is seen associated with COVID -
19 cases with ARDS. Amongst all the parameters excess of
Interleukin 6 release is a key contributing factor to cytokine release
syndrome 5!, In our study too we could find Interleukin significant
in determining the severity and outcome of the disease(p<0.0001).
The levels were much raised in those who expired (98.64 pg/mL) as
compared to in those who survived (23.11 pg/mL). Lucia G et al
suggested prompt use of tocilizumab before overwhelming
secretions of cytokines have occurred for better prognosis and is
possible by knowing the levels of IL-6, D-dimer and ferritin 191,

Yuan X et al Identified IL-6 as the most robust predictor of
hypoxemia and a cut off level of IL-6 >24pg/mL predicted the
development of hypoxia 71415171 [L-6 levels proved to be a good
indicator for the progression and outcome of the disease. The cut off
value in our study for IL-6 was 43.74 pg/mL

The mortality and morbidity associated with COVID -19 is
due primarily to the excessive immune activation *11,

The severity of the disease was also related to CRP levels
and D-dimer levels by Yuan X et al 7!, This was also observed by
Tang et al /. Ruan Q et al found CRP levels increased in COVID 19
patients ¥l They established a serum CRP median level of 40mg/L
in survivors and 125mg/L in non- survivors whereas Huan Ie et al
showed cut off of CRP level >10mg/ ¢!,

A significant difference was observed in the serum ferritin
levels between those who had mild, moderate and severe
disease(p<0.0001) and also between those who were cured and those
who expired(p<0.0001).

Serum procalcitonin levels too showed significant difference
between those who were cured and those who expired (p<0.0001)
and also a significant difference was observed between mild
moderate and severe cases (p<0.0001) 120-23,

Albumin levels showed an inverse relation to severity of the
disease although not much significant(p=0.313) in our study.
Thirumalaisamy P et al also found significant liver dysfunctions in
those with severe COVID 19 disease than those with milder disease
[7.1024] " The study by Dan Wang et al in 171 patients showed
sensitivity of 85.9% and specificity of 83.3% for albumin 8],

The LDH levels showed significant(p=<0.0001) direct
relation to the severity of the disease and mortality due to
disease(p<0.0001). Those who expired showed a mean value of 548
IU/L whereas those who were cured had a serum value of 386 IU/L.

AST and ALT did not show a significant difference in those
who were cured and those who expired (P=.16 and.97 respectively)
and not much significant difference was seen between mild and
severe cases (p=0.104 and 0.44 respectively) 1251,

In our study the concentration of IL-6, D-dimer and ferritin
was much higher in severe cases than mild and moderate cases. This
is a reflection of coagulation alterations ®7l. This was also seen in
the study by Wang D et al. They also observed a greater AUC for D-
dimer, LDH and CRP. Even the sensitivity and specificity was
higher. They had divided the patients into two main categories mild
/moderate and severe /critical. The AUC is greater and sensitivity
and specificity is good if we consider the two categories of patients
18]

Troponin I was also related with severity of the disease
(p<0.053) and showed injury to myocardium. Mean value in severe
cases=16.20 ng/L and in those who expired was 19.9 ng/L 121-23.201,

The strength of the study was that all patients were managed
according to a diagnostic and treatment protocol to avoid any
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individual bias. Moreover, we were able to provide the cut-off values
along with the sensitivity and specificity of these values for
individual parameters that are readily available in most of the
laboratories at a nominal cost. The limitation of the study was that
all the patients were from a single tertiary care hospital and the
overall numbers were not high. Due to the low numbers, the results
of the study may not be extrapolatable to the general population.
Nevertheless, this study may prove to be the benchmark of further
studies on the subject in future.
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