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Abstract---Background: Coronavirus disease-19 (COVID-19) has
become a world health threat. Early detection of high-risk patients
with laboratory and radiological parameters can aid in reducing
mortality. Aims and objectives: To assess the clinical, laboratory,
radiological parameters in patients with COVID-19 and to compare
them with the outcome. Material and methods: The study was
conducted in 200 patients presenting with COVID-19 infection in a
tertiary care hospital over one month during month of October 2021.
Enrolled patients underwent inflammatory markers, haematological
markers and CT scan of the thorax on admission. Statistical analysis:
Appropriate statistical tests were applied using SPSS software v21 for
analysis; p-value<0.05 was considered statistically significant. Mean
age of the study population was 51.84(SDx16.02). D-dimer, CRP,
ferritin, TLC, NLR, CTSS has shown significant correlation with
mortality. Mean CTSS was 9.75 (SD%5.32), mean D-dimer was 0.79
(SD%£1.69), mean sr. ferritin was 320.68 (SD+328.04), the mean CRP
level was 2.08 (SD+5.86) and mean neutrophil-lymphocyte ratio (NLR)
was 5.01 (SDz#5.53). The PaO2/FiO2 ratio was identified as an
independent risk factor (odd ratio [OR]=0.992, 95% confidence
interval [CI]: 0.986-0.998, p=0.006). The area under curve of the
receiver operator characteristic (AUROC) of PaO2/FiO2 with mortality
as outcome was 0.795 (95% CI: 0.684-0.906, p <0.0001). Conclusion:
PaO2/FiO2 ratio can potentially be used as an independent risk
factors for predicting mortality in COVID-19 patients requiring
intensive care. Thus, clinicians can consider the inflammatory
markers and PaO2/FiO2 ratio in particular and take active steps
required to reduce the mortality from COVID-19.
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Introduction

The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has been
implicated as the virus which is responsible for SARS-CoV-2 disease (COVID-19),
which spread worldwide since December 2019. [1] The clinical spectrum of the
disease varies from asymptomatic infection, mild upper respiratory symptoms to
severe pneumonia with respiratory failure and even death. The most common
symptoms at onset of SARS-CoV 2 illness are fever, cough, ache, dyspnoea,
haemoptysis and diarrhoea. The severe symptoms of SARS-CoV 2 are associated
with an increase rate of fatalities. [21 The severity of COVID-19 resides in the
development of large quantities of proinflammatory cytokines that can eventually
contribute to acute respiratory distress syndrome (ARDS) and multiple organ
failure (MOF).[3 There is ever-growing evidence that in critically ill and those with
severe disease, there are characteristics of hyperinflammation, which comprise of
elevated serum C-reactive protein levels (CRP), procalcitonin levels (PCT), D-
dimer, and ferritin. These findings suggest a potential critical role of cytokine
storm in the pathophysiology of COVID-19.[4 Each of the laboratory parameters
do have a potential value for risk stratification and the prediction of COVID-19
outcomes.l5l Inflammatory markers such as serum ferritin, erythrocyte
sedimentation rate (ESR), C-reactive protein (CRP) and interleukin-6 (IL-6) have
been reported to be of significant association with the increased risk of the
development of severe COVID-19.[6.7] If those patients with high risk of mortality
are be identified early on admission to the ICU, it would be useful in providing
more efforts in focused treatment on these patients to reduce the mortality from
COVID-19. This study is designed to investigate the various laboratory markers
and chest CT severity score and their correlation with the severity of disease.

Material and Methods

Aims and objectives: To assess the clinical, laboratory, radiological parameters in
patients with COVID-19 and to compare them with the outcome. Study design:
This was a single centre, retrospective, comparative study done on patients with
COVID-19 infection. This study was conducted in KIMS Hospital, Medicine
department over period of 1 month. Study sample: The study was conducted in
200 patients presenting with COVID-19 infection in a tertiary care hospital. Study
setting: This study was conducted in KIMS Hospital, over period of one month
during month of October 2021. The Institutional Ethical committee approval was
taken (protocol number: 376/2020-2021). Inclusion criteria were patients with
COVID-19 pneumonia with at least one positive RT-PCR test for COVID-19 with a
known endpoint of the disease. The patient with hepatic and renal dysfunction
and those with history of ischemic heart disease and ischemic stroke were
excluded from this study. All enrolled patients underwent inflammation markers
(CRP, D-Dimer, Sr. Ferritin, IL-6), haematological markers (Haemoglobin,
Neutrophil, Lymphocyte, Leucocyte count) and high-resolution CT scan of the
thorax on admission. Cut-offs for D-dimer, serum ferritin, CRP level, ESR,
procalcitonin, IL-6 and TLC were taken as 0.5mg/L, 274ng/ml in males and 204
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ng/ml in females, 0.6mg/dl, 15mm/hr, >0.5ng/ml and >2pg/ml. All enrolled
patients received the standard treatment for COVID-19 as per standard reference
guidelines. Raw material will be collected from trained medical staff using the
medical records. Data will be double checked for correctness, subsequently
anonymized and transferred to the first authors for data analysis. We aim to
study and compare the laboratory parameters and the radiological parameters of
moderate to severe COVID-19 patients. Statistical analysis: Data Collected was
analysed for mean, percentage, standard deviation and chi square test for
quantitative data by using Microsoft excel spread sheet. Appropriate statistical
tests were applied using SPSS software version 21 (trial version) for analysis and
‘p’ value < 0.05 was considered as statistically significant.

Results

In the present study, the mean age of the study population was 51.84(SD+16.02),
mean CTSS was 9.75 (SD+5.32), mean D-dimer was 0.79 (SDx1.69) and mean sr.
ferritin was 320.68 (SDx328.04). The mean CRP level was 2.08 (SD+5.86), the
mean ESR was 43.32 (SD£25.55), mean procalcitonin was 1.96 (SD%3.33) and
mean IL-6 was 220.09 (SD+474.66). The mean Arterial pO2 / Fraction of inspired
oxygen (P/F ratio) was 293.87 (SD+118.3), mean total leucocyte count was
8402.01 (SD%4721.42) and the mean neutrophil lymphocyte ratio (NLR) was 5.01
(SD+5.53). [Table 1]

Table 1: The mean and standard deviation of numerical variable in COVID-19

patients
Parameter Mean * SD
Age 51.84 16.02
Chest CT severity score (CTSS) 9.75 5.32
D-dimer 0.79 1.69
Serum Ferritin 320.68 328.04
C-reactive protein (CRP) 2.08 5.86
Erythrocyte sedimentation rate (ESR) 43.32 25.55
Procalcitonin 1.96 3.33
Interleukin-6 (IL-6) 220.09 474.66
P/F ratio (Arterial pO2 / Fraction of inspired | 293.87 118.30
oxygen)
Total leucocyte count 8402.01 4721.42
Neutrophil lymphocyte ratio 5.01 5.53

In the present study it was observed that based on the ‘Berlin definition’, out of
200 patients, 98(32.7%), 62(20.7%), 23(7.7%) and 17(5.7%) of them had no ARDS,
mild ARDS, moderate ARDS and severe ARDS respectively. In the present study it
was observed that out of 200 patients included in the study, 177 were survived
and discharged, whereas 23 of them expired. Considering the age, of those who
were survived, 28, 57, 57 and 35 belonged to 18-35 years, 36-50 years, 51-65
years and 66 years & above. Of those who expired, 4, 4, 7 and 8 belonged to 18-
35 years, 36-50 years, 51-65 years and 66 years & above. Considering the gender,
of those who were survived, 121 were males and 56 were females. Of those who
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expired 13 were males and 14 were females. Considering the CT severity, of those
who were survived, 62, 93 and 22 of them had mild, moderate and severe severity
on CT whereas of those who expired, 5, 6 and 12 of them had mild, moderate and
severe severity on CT. [Table 2][Figure 1]

Table 2: The distribution of age, gender and CT severity based on the outcome

Outcome Total
Survivors Non-Survivors (23)
(177)
Age group 18-35 years 28 4 32
36-50 years 57 4 [
51-65 years 57 7 64
66 & above 35 8 43
Gender Male 121 13 134
Female 56 10 06
CT Severity Mild 62 S 07
Moderate 93 9 99
Severe 22 12 34

Figure 1: The distribution of age, gender and CT severity based on the outcome
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In the present study considering mortality as an outcome, the age (r=0.249;
p<0.001), HRCT score (r=0.249; p<0.001), serum ferritin (r=0.244; p<0.001) and
C-reactive protein (r=0.236; p=0.001) of the patient had a significant positive
correlation with mortality. It was observed that Erythrocyte sedimentation rate
(r=0.007; p=0.919), procalcitonin (r=-0.71; p=0.321) and interleukin-6 (r=0.081;
p=0.253) had positive correlation with mortality which was not significant. It was
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observed that P/F ratio (r=-0.326; p=<0.001) and haemoglobin (r=-0.177;
p=<0.001) had a significant negative correlation with mortality as an outcome. It
was observed that total leucocyte count (r=0.314; p=<0.001) and neutrophil
lymphocyte ratio (r=0.209; p=<0.001) had a significant positive correlation with
mortality as an outcome. [Table 3][Figure 2]

Table 3: The correlation with their significant in relation to various parameters
and the outcome(mortality)

Parameter Correlation P value
(Spearman rho)
Age 0.248 <0.001
Chest CT severity score (CTSS) 0.244 <0.001
D-dimer 0.236 0.001
Serum Ferritin 0.162 0.022
C-reactive protein (CRP) 0.15 0.034
Erythrocyte sedimentation rate (ESR) 0.007 0.919
Procalcitonin -0.071 0.321
Interleukin-6 (IL-6) 0.081 0.253
P/F ratio -0.326 <0.001
Haemoglobin -0.177 <0.001
Total leucocyte count 0.314 <0.001
Neutrophil lymphocyte ratio 0.209 0.003

Figure 2: The correlation with their significant in relation to various parameters
and the outcome(mortality)

The correlation with their significant in relation to various
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Multivariate analysis using binomial logistic regression was performed to see how
factors were independently associated with the outcome after adjusting the other
factors. The following were the findings: After adjusting for age, gender, P/F ratio,
ferritin, haemoglobin, TLC, D-dimer, CRP level and NLR and severe COVID-19 on
CT score, binomial logistic regression analysis was performed to see if they were
independently associated with death versus survival. [Table 4]

Table 4: The binomial logistic regression analysis with outcome survival vs
mortality with various parameters showing significant association on univariable

correlation

Parameter Sig. Exp(B) 95% C.I.for EXP(B)

Lower Upper
Severe CT- | 0.203 2.735 0.582 12.85
score
D-dimer 0.670 1.283 0.408 4.028
Sr. Ferritin 0.815 0.870 0.272 2.785
CRP 0.901 1.081 0.320 3.653
Severe ARDS 0.002 22.586 3.110 164.015
P/F ratio 0.006 0.992 0.986 0.998
Anaemia 0.652 0.745 0.207 2.675
TLC 0.544 1.434 0.448 4.588
NLR 0.192 2.228 0.669 7.426

After adjusting for age, gender, CT severity score, ferritin, haemoglobin, TLC, D-
dimer, CRP level and NLR, severe ARDS, (i.e: P/F ratio of <100) had around 22
times higher chances of having death as an outcome in comparison to those
without ARDS (i.e: P/F ratio of >300) (OR: 22.586; p=0.002; C.I: 3.110-164.015).
The PaO2/FiO2 ratio was identified as an independent risk factor (odd ratio
[OR]=0.992, 95% confidence interval [CI]: 0.986-0.998, p=0.006). The area
under curve of the receiver operator characteristic (AUROC) of PaO2/FiO2 with
mortality as outcome was 0.795 (95% CI: 0.684-0.906, p<0.0001) with a
sensitivity of 80.8% and a specificity of 69.6% when the cut-off value was 226
mmHg.

Figure 3: Receiver operator characteristic (ROC) curve of PaO2/FiO2 with
mortality as outcome
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Discussion

It was observed that in the present study, the mean age of the study population
was 51.84(SD+16.02) and there was a significant positive correlation of increasing
age with mortality as an outcome (r=0.248;p=<0.001). The findings are similar to
study by Biswas M et al patients with age =250 years were at a significantly
massive risk of mortality compared to those aged <50 years.[8 A study by Ibrahim
ME et al reported a significant association between COVID-19 death and
increasing age.l Chi et al noted that elder age (OR 1.06 [95% CI 1.03-1.08], p<
0.001) are independently associated with severe disease at admission.[!0] Chen et
al quoted that cOVID-19 is more likely to infect the older adult men.['1l Guo YR et
al reported that COVID-19 infection progresses rapidly and leads to death in older
patients and those with comorbid conditions.!'2l The mean CTSS was 9.75
(SD+5.32), mean D-dimer was 0.79 (SD%1.69) and mean sr. ferritin was 320.68
(SD+328.04). The mean CRP level was 2.08 (SD+5.86), the mean ESR was 43.32
(SD+25.55), mean procalcitonin was 1.96 (SD+3.33) and mean IL-6 was 220.09
(SD+474.66). The mean Arterial pO2 / Fraction of inspired oxygen (P/F ratio) was
293.87 (SD+118.3), mean total leucocyte count was 8402.01 (SD+4721.42) and
the mean neutrophil lymphocyte ratio (NLR) was 5.01 (SD+5.53).

In the present study considering mortality as an outcome, the age (r=0.249;
p<0.001), HRCT score (r=0.249; p<0.001), serum ferritin (r=0.244; p<0.001) and
C-reactive protein (r=0.236; p=0.001) of the patient had a significant positive
correlation with mortality. It was observed that P/F ratio (r=-0.326; p=<0.001) and
haemoglobin (r=-0.177; p=<0.001) had a significant negative correlation with
mortality as an outcome. It was observed that total leucocyte count (r=0.314;
p=<0.001) and neutrophil lymphocyte ratio (r=0.209; p=<0.001) had a significant
positive correlation with mortality as an outcome. The findings of the present
study were compared to similar studies who compared inflammatory markers,
haematological markers and CT severity score with disease severity and mortality.
[Table 5]

Table 5: Similar studies who compared inflammatory markers, haematological
markers and CT severity score with disease severity and mortality

Author Sample | Type of study | Results Inference
size

Asghar | 373 Retrospective, | Non-surviving Inflammatory

MS et al observational | patients had shown a | markers like LDH,

(2020) lower, significantly | PCT, D-dimer, CRP,
increased TLC, | and ferritin are a
elevated D-dimer | useful guide for
levels and elevated | predicting mortality.
PCT.

Elshazli | 6,320 Meta-analysis | ICU admission had | Several

R et al greater increased | immunological

(2020) WBCs and D-dimer | markers, could be
and high IL-6, CRP, | helpful to be
D-dimer in terms of | included in routine
mortality panel for COVID-19.
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Jain A | 735 Retrospective | CRP, D-Dimer and | CRP of 45 mg/l, D-
et al observational | CT severity score | dimer of 1000 pg/L
(2021) levels only can |and CT = 15 on
predict final outcome | admission highly
of death. predictive of outcome
Kurri et | 84 Retrospective, | Average CTSS was | The disease severity
al observational | 12.43 * 5.7 Mean D- | was significantly
(2021) dimer was 2.5 = 1.43 | correlated with NLR,
in the survivor group | ferritin, IL-6, D-
and 3.39 £ 0.95 for | dimer, CRP, CTSS
Nnon-survivors. and D- dimer.
Zhu B et | 163 Retrospective | Significant WBC count at
al observational | association between | admission is
(2021) WBC count and | significantly
death (HR=5.72, | corelated with death
95%CI: 2.21-14.82, | in COVID-19
p<0.001) patients.
Henry 2984 Meta-analysis | Biomarkers of | Clinicians to closely
BM et al inflammation  were | monitor TLC, platelet
(2020) also significantly | count, IL-6 and
elevated in patients | ferritin as markers
with both severe and | for progression to
fatal COVID-19. critical illness.
LiJetal | 2445 Meta-analysis | Significant Assessment of
(2020) differences between | inflammatory
non-severe (non-ICU) | markers help
patients, severe (ICU) | improve the
disease in raised | prognosis of patients
TLC, CRP and PCT. with severe illness.
LiYetal | 140 Retrospective | There were | CRP may have good
(2020) observational | significantly independent
differences in CRP, | predictive ability for
TLC, and NLR | the development of
between severe/critical illness
mild/common  and
severe /critical
illness.
Ata Y et | 242 Retrospective | The CRP (R=0.545, | Elevation in CRP and
al observational | P<0.001) and ferritin | ferritin values upon
(2021) (R=0.481, P<0.001) | admission to the
were moderately and | hospital was
positively correlated | significantly
with CTSS. correlated with
CTSS.
Laguna- | 611 Prospective High IL-6 level, CRP | Inflammatory
Goya R cohort level, LDH level, | markers allow early
et al ferritin level, d-dimer | risk stratification of
(2020) level, and NLR were | hospitalized patients

all predictive of
mortality (AUROC

with
before

COVID-19
the
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| | | >0.70) | appearance

Asghar MS et al quoted that the laboratory values in non-survivors had lower
haemoglobin (Hb) (p=0.016), significantly increased total leucocyte count (TLC)
(p<0.001), increased D-dimer levels (p=0.043), and increased procalcitonin (PCT)
(p=0.021).1131 Elshazli R et al reported that ICU admission was associated with
higher levels of TLC, neutrophils, D-dimer, and prolonged PT; patients with high
interleukin-6 (IL-6), C-reactive protein level (CRP), D-dimer, and neutrophils had
the greatest likelihood of mortality. 14l Jain A et al quoted that CRP, D-Dimer and
CT severity score levels can predict the final outcome of mortality.!!5] Kurri et al
quoted that for those who survived, the average CT (Computed tomography)
severity score (CTSS) was noted to be 12.43 + 5.7 and whereas average the CTSS
for those who did not survive was 18.87 + 4.68(p<0001); The average D-dimer was
noted to be 2.5 + 1.43 in the survivor group and 3.39 + 0.95 for non-survivors
(p=0.004). They also observed that the correlation coefficient for the CTSS with
FiO2 was 0.685 (p<0.0001). 18 Zhu B et al quoted WBC count on admission is
significantly corelated with mortality in COVID-19 patients and that a increased
level of TLC (= 6.16 x 107"9/L) should be given more focus in treatment of COVID-
19. 71 Henry BM et al quoted that patients with fatal and severe disease had
significantly greater TLCs, markers of inflammation were also significantly
increased in patients with both fatal and severe COVID-19. 18] Li J et al quoted
that there were significant differences observed in TLC, CRP and PCT amongst
non-severe (non-ICU) patients and severe (ICU) disease patients. 191 Li Y et al
quoted that there were significant differences observed in the CRP (mg/L): 7.3
(2.3, 21.0) vs. 40.1 (18.8, 62.6), TLC:(x109/L): 1.3 (1.0, 1.8) vs. 0.8 (0.7, 1.1), the
NLR: 2.1 (1.6, 3.0) vs. 3.1 (2.2, 8.8) between mild/common and severe/critical
illness respectively. 201 Ata Y et al quoted the CRP and ferritin hade moderate and
positive correlation with CTSS, while NLR and ESR had mild and positive
correlation with CTSS. [21l Laguna-Goya R et al quoted greater IL-6 level, CRP level,
LDH level, ferritin level, D-dimer level, and neutrophil-to-lymphocyte ratio were
highly predictive of mortality. [22]

In the present study, it was observed that after adjusting for age, gender, CT
severity score, ferritin, haemoglobin, TLC, D-dimer, CRP level and NLR, severe
ARDS, (i.e: P/F ratio of <100) had around 22 times higher chances of having
death as an outcome in comparison to those without ARDS (i.e: P/F ratio of >300)
(OR: 22.586; p=0.002; C.I: 3.110-164.015). The PaO2/FiO2 ratio was identified as
an independent risk factor (odd ratio [OR]=0.992, 95% confidence interval [CI]:
0.986-0.998, p=0.006). The area under curve of the receiver operator
characteristic (AUROC) of PaO2/FiO2 with mortality as outcome was 0.795 (95%
CI: 0.684-0.906, p<0.0001) with a sensitivity of 80.8% and a specificity of 69.6%
when the cut-off value was 226 mmHg. Similar to the findings of this study, Gu Y
et al reported that the oxygenation index (PaO2/FiO2) was found to be an
independent risk factor (odd ratio [OR] =0.96, 95% confidence interval [CI]: 0.928-
0.994, p=0.021) for mortality. The area under the curve (AUC) was 0.895 (95%
CI: 0.826-0.943, p <0.0001). [23]

This study has several limitations. The sample size was small in this single-centre
retrospective study and it is a retrospective study and not a prospective study;
hence, the results need to be validated with additional studies. Pharmacological
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therapies implemented and the time of hospitalization may affect the laboratory
values and PaO2/FiO2. We hence selected the laboratory findings on the day of
admission.

Conclusion

In conclusion we observed that age, inflammatory markers (D-dimer, serum
ferritin, CRP levels), low haemoglobin (Hb), total leucocyte count (TLC),
neutrophil-lymphocyte ratio (NLR), PaO2/FiO2 ratio and chest CT severity score
(CTSS) show significant correlation with the outcome of the patient. PaO2/FiO2
ratio can potentially be used as an independent risk factors for predicting
mortality in COVID-19 patients requiring intensive care. Thus, clinicians can
consider the inflammatory markers and PaO2/FiO2 ratio in particular and take
active steps required to reduce the mortality from COVID-19.

Conflict of interest: None
Acknowledgements: None

References

1. Sharma A, Tiwari S, Deb MK, Marty JL. Severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2): a global pandemic and treatment strategies. Int
J Antimicrob Agents. 2020;56(2):106054.

2. Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, et al. Clinical course and risk
factors for mortality of adult inpatients with COVID-19 in Wuhan, China: a
retrospective cohort study. Lancet. 2020; 395 (10229),1054-62.

3. COVID-19 pathophysiology: a review. Yuki K, Fujiogi M, Koutsogiannaki S.
Clin Immunol. 2020;215:108427.

4. Mehta P, McAuley DF, Brown M, et al. COVID-19: consider cytokine storm
syndromes and immunosuppression. Lancet 2020; 395: 1033-1034.

S. Hariyanto TI, Japar KV, Kwenandar F, Damay V, Siregar JI, Lugito NPH, et
al. Inflammatory and hematologic markers as predictors of severe outcomes
in COVID-19 infection: A systematic review and meta-analysis. Am J Emerg
Med. 2021;41:110-119.

6. Cheng K, Wei M, Shen H, Wu C, Chen D, Xiong W et al. Clinical
characteristics of 463 patients with common and severe type coronavirus
disease 2019. Shanghai Med J. 2020:1-15.

7. Gao Y, Li T, Han M, et al. Diagnostic utility of clinical laboratory data
determinations for patients with the severe COVID-19. J Med Virol.
2020;92(7):791-796.

8. Biswas, M., Rahaman, S., Biswas, T. K., Haque, Z., & Ibrahim, B. (2020).
Association of Sex, Age, and Comorbidities with Mortality in COVID-19
Patients: A Systematic Review and Meta-Analysis. Intervirology, 1-12.
Advance online publication.

9. [Ibrahim ME, AL-Aklobi OS, Abomughaid MM, Al-Ghamdi MA (2021)
Epidemiological, clinical, and laboratory findings for patients of different age
groups with confirmed coronavirus disease 2019 (COVID-19) in a hospital in
Saudi Arabia. PLoS ONE 16(4): e0250955.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

3051

Shi Y, Yu X, Zhao H, Wang H, Zhao R, Sheng J. Host susceptibility to severe
COVID-19 and establishment of a host risk score: findings of 487 cases
outside Wuhan. Crit Care. Critical Care; 2020;24:108.

Chen N, Zhou M, Dong X, Qu J, Gong F, Han Y, et al. Epidemiological and
clinical characteristics of 99 cases of 2019 novel coronavirus pneumonia in
Wuhan, China: a descriptive study. Lancet. 2020;395:507-13.

Guo YR, Cao QD, Hong ZS, Tan YY, Chen SD, Jin HJ, et al. The origin,
transmission and clinical therapies on coronavirus disease 2019 (COVID-19)
outbreak-An update on the status. Mil Med Res. Military Medical Research;
2020;7:11.

Asghar, M. S., Haider Kazmi, S. J., Khan, N. A., Akram, M., Hassan, M.,
Rasheed, U., & Ahmed Khan, S. (2020). Poor Prognostic Biochemical Markers
Predicting Fatalities Caused by COVID-19: A Retrospective Observational
Study From a Developing Country. Cureus, 12(8), €9575.

Elshazli RM, Toraih EA, Elgaml A, El-Mowafy M, El-Mesery M, Amin MN et al.
Diagnostic and prognostic value of hematological and immunological markers
in COVID-19 infection: A meta-analysis of 6320 patients. PLoS One. 2020
Aug 21;15(8):€0238160.

Jain A, Kasliwal R, Jain SS, Gupta D, Jain R, Jain A, Jain R. Comparison of
Predictive Ability of Epidemiological Factors, Inflammatory Biomarkers, and
CT Severity Score for Mortality in COVID-19. The Journal of the Association
of Physicians of India. 2021 Aug;69(8):11-12.

Kurri, N., Tyagi, B., Singhal, E., Gupta, N., Agarwal, A. K., Gupta, V., Rai, G.,
& Bindra, M. S. (2021). Assessing the Impact of Inflammatory Markers and
CT Severity Score on Disease Severity of COVID-19 Patients Admitted to ICU
at a Tertiary Hospital. The Journal of the Association of Physicians of India,
69(6), 11-12.

Zhu, B., Feng, X., Jiang, C Song Mi, Liya Yang, Zhigang Zhao et al.
Correlation between white blood cell count at admission and mortality in
COVID-19 patients: a retrospective study. BMC Infect Dis 21, 574 (2021).
Henry, B. M., de Oliveira, M., Benoit, S., Plebani, M., & Lippi, G. (2020).
Hematologic, biochemical and immune biomarker abnormalities associated
with severe illness and mortality in coronavirus disease 2019 (COVID-19): a
meta-analysis. Clinical chemistry and laboratory medicine, 58(7), 1021-1028.
Li, J., He, X., Yuan Yuan, Zhang, W., Li, X., Zhang, Y., Li, S., Guan, C., Gao,
Z., & Dong, G. (2021). Meta-analysis investigating the relationship between
clinical features, outcomes, and severity of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) pneumonia. American journal of infection
control, 49(1), 82-89.

Li, Y., Lin, S., Zhou, Y., Pan, J., & Chen, Y. (2021). Zhonghua wei zhong bing
jijiu yi xue, 33(2), 145-149.

Ata Y, As AK, Engin M, Kacmaz Kat N, Setayeshi T, Sunbul SA et al. Ability of
Laboratory Findings Upon Admission to Predict Lung Involvement and Its
Severity in COVID-19 Patients Requiring Hospitalization. Iran. Red. Crescent.
Med. J. [Internet]. 2021 Oct. 14 [cited 2021 Oct. 21];23(10)

Laguna-Goya R, Utrero-Rico A, Talayero P, Maria Lasa-Lazaro, Angel
Ramirez-Fernandez, Laura Naranjo et al. IL-6-based mortality risk model for
hospitalized patients with COVID-19. J Allergy Clin Immunol.
2020;146(4):799-807.e9.



3052

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Gu Y, Wang D, Chen C, Lu W, Liu H, Lv T et al. PaO2/FiO2 and IL-6 are risk
factors of mortality for intensive care COVID-19 patients. Scientific Reports.
2021;11(1).

Kumar G, Mukherjee A, Sharma RK, Menon GR, Sahu D, Wig N, Panda S,
Rao VV, Singh S, Guleria R, Bhargava B; National Clinical Registry for
COVID-19 Team. Clinical profile of hospitalized COVID-19 patients in first &
second wave of the pandemic: Insights from an Indian registry based
observational study. Indian J Med Res. 2021 Jul 14.

Jain VK, Iyengar KP, Vaishya R. Differences between First wave and Second
wave of COVID-19 in India. Diabetes Metab Syndr. 2021;15(3):1047-1048
Asrani P, Eapen MS, Hassan MI, Sohal SS. Implications of the second wave of
COVID-19 in India [published online ahead of print, 2021 Jun 30]. Lancet
Respir Med. 2021;S2213-2600(21)00312-X.

Muhsen K, Na'aminh W, Lapidot Y, Goren S, Amir Y, Perlman S, et al. A
nationwide analysis of population group differences in the COVID-19
epidemic in Israel, February 2020-February 2021. Lancet Reg Health Eur.
2021;7:100130.

Asghar MS, Yasmin F, Haris A, Nadeem A, Taweesedt PT, Surani S.
Comparison of first and second waves of COVID-19 through severity markers
in ICU patients of a developing country. J Community Hosp Intern Med
Perspect. 2021 Sep 20;11(5):576-584.

Iftimie S, Lopez-Azcona AF, Vallverdu I, Hernandez-Flix S, de Febrer G, Parra
S et al. (2021) First and second waves of coronavirus disease-19: A
comparative study in hospitalized patients in Reus, Spain. PLoS ONE 16(3):
€0248029

Fluck D, Rankin S, Lewis A, Robin J, Rees J, Finch J et al. Comparison of
characteristics and outcomes of patients admitted to hospital with COVID-19
during wave 1 and wave 2 of the current pandemic. Intern Emerg Med. 2021
Oct 12:1-10.

Zeng F, Huang Y, Guo Y, Yin M, Chen X, Xiao L et al. Association of
inflammatory markers with the severity of COVID-19: A meta-analysis. Int J
Infect Dis. 2020; 96:467-474.

Ghahramani S, Tabrizi R, Lankarani KB, Kashani SMA, Rezaei S, Zeidi N, et
al. Laboratory features of severe vs. non-severe COVID-19 patients in Asian
populations: a systematic review and meta-analysis. Eur J Med Res. 2020
Aug 3;25(1):30.

Francone M, lafrate F, Masci GM, et al. Chest CT score in COVID-19 patients:
correlation with disease severity and short-term prognosis. Eur Radiol.
2020;30(12):6808-6817.

Marimuthu AK, Anandhan M, Sundararajan L, Chandrasekaran J,
Ramakrishnan B. Utility of various inflammatory markers in predicting
outcomes of hospitalized patients with COVID-19 pneumonia: A single-center
experience. Lung India. 2021 Sep-Oct;38(5):448-453.



