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Background and aims: COVID-19 pandemic has strained the health infrastructure globally, providing an
opportunity to identify cost-effective biomarkers. We aimed to identify simple hematological prognostic
markers in hospitalized severe COVID-19 patients with and without diabetes.
Methods: Retrospective study of RT-PCR confirmed hospitalized severe COVID-19 patients (total: n ¼ 154
patients, including diabetic subset n ¼ 57) were analyzed. Clinically applicable cut-offs were derived
using receiver operating characteristic (ROC) curve analysis for total leucocyte count (TLC), absolute
neutrophil count (ANC), neutrophil lymphocyte ratio (NLR), and derived neutrophil lymphocyte ratio
(dNLR) in order to prognosticate the outcome.
Results: Among 154 severe COVID-19 patients, significant association with mortality was seen with
respect to TLC(p < 0.001), ANC (p < 0.001), NLR(p < 0.001) and dNLR(p < 0.001). In the total cohort,
applicable cut-offs based on ROC curve in predicting outcome were, for TLC 8950 cells/mm3 (area under
curve (AUC)-0.764, odds ratio (OR)-7.53), ANC 7679 cells/mm3 (AUC-0.789, OR-8.14), NLR 5.13 (AUC-
0.741, OR-4.77), dNLR 3.44 (AUC -0.741, OR-4.43) respectively.In diabetic subset, the cut-offs for TLC was
8950 cells/mm3 (AUC -0.762, OR-14.9), ANC 6510 cells/mm3 (AUC -0.773, OR-16.8), NLR 5.13(AUC -0.678,
OR-6) and dNLR 3.25(AUC -0.685, OR-4.7) respectively.
Conclusions: In severe COVID-19 patients irrespective of diabetes, a simple, applicable total leucocyte
count cut-off, 8950 cells/mm3 , together with easily derived cut-offs for ANC, NLR, dNLR may serve as
cost-effective prognosticators of clinical outcome. A normal TLC may be misleading in the intensive care
and the above applicable cut-off for TLC serves as an early warning tool for high-risk identification and
better in-hospital management. Even with similar or lower cut-offs, diabetics had a higher mortality.

© 2021 Diabetes India. Published by Elsevier Ltd. All rights reserved.
1. Introduction

COVID-19 (coronavirus disease 2019) pandemic has posed a
huge economic burden on the health care globally [1,2], especially
on the developing nations, but it has provided an opportunity to
rediscover/identify simple and cost-effective biomarkers, helping
to predict or prognosticate the outcome.

COVID-19 infection begins as an inflammatory disorder that
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13@gmail.com (M. Rajesh),

ier Ltd. All rights reserved.
may progress to cytotoxic storm and death. The critical nature of
the illness comprising severe pneumonia, acute respiratory distress
syndrome and multi-organ failure may result in prolonged hospi-
talization with poor overall outcomes [3]. Those with co-morbid
conditions like diabetes mellitus and the elderly have higher
mortality [4]. Analyzing hematological parameters at hospital
admission, and their applicable thresholds may serve as effective
tools for the clinicians in the early identification of patients at risk
of developing severe disease [5].

Certain studies have focused on the hematological parameters
like neutrophil lymphocyte ratio (NLR), platelet lymphocyte ratio
(PLR), red cell distribution width etc., showing them to be prog-
nostic markers in COVID-19 [6,7].
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In this study, we analyzed retrospective hematological data of
the hospitalized severe COVID-19 patients, including a diabetic
subset and their relation to the outcome. In addition, we evaluated
the role of applicable cut-offs of total leuckocyte count (TLC), ab-
solute neutrophil count (ANC), neutrophil lymphocyte ratio (NLR),
absolute lymphocyte count and absolute eosinophil count etc.
derived from peripheral blood hemocytometry, as valid prognostic
biomarkers helpful in prompt identification of those at risk of poor
outcome. This may help in devising early and effective manage-
ment strategies in the intensive care unit.
2. Materials and methods

We analyzed retrospective data of the hospitalized patients with
severe COVID-19 at King George Hospital, Visakhapatnam, Andhra
Pradesh, India.

After appropriate Institutional ethics committee clearance, pa-
tients admitted with RT-PCR confirmed severe COVID-19, from 1st
September to 30th September 2020 were included in our study.

Inclusion criteria: RT-PCR confirmed severe COVID-19 patients
[8] were defined as either having:

1) Severe pneumonia (RR > 30/min, respiratory distress with Spo2
<90% at room air, <94% with O2 supplementation)

2) Acute respiratory distress syndrome (ARDS)
3) Septic shock

Exclusion Criteria: Patients with hematological malignancies,
immunodeficiency states and those on renal replacement therapy
were excluded from the study.

The clinical and laboratory admission data of 154 patients were
extracted from the medical case records, which included 57 dia-
betic patients. Hematological parameters as analyzed by automated
cell counter such as hemoglobin, total leucocyte count, platelets
were evaluated as simple prognostic markers of outcome in severe
COVID-19 patients. Patients with a history of diabetes mellitus and
on medications were included in the diabetic subset. Admission
plasma glucose of all patients was noted. Absolute neutrophil,
lymphocyte, monocyte, eosinophil counts and neutrophil
lymphocyte ratio (NLR), derived neutrophil-lymphocyte ratio
(dNLR), eosinophil monocyte ratio, platelet lymphocyte ratio (PLR)
were calculated from the above hematological data.

All these hematological parameters were correlated with mor-
tality. Their prognostic value as simple, cost-effective tools for
determining the outcome of the entire cohort as well as diabetic
subset were analyzed. Correlations of these immuno-hematological
parameters with inflammatory marker, C-reactive protein (CRP)
were done in order to further strengthen their validation as prog-
nostic markers.
2.1. Statistical analysis

Continuous variables were expressed as appropriate
means ± standard deviations. Categorical variables were summa-
rized as frequencies and percentages. For categorical variables, Chi-
square tests, and for continuous variables, independent T tests were
done. Clinically applicable cut-offs of TLC, ANC, NLR and dNLR were
derived using receiver operator curve (ROC) analysis and odds ratio
(OR) of mortality above the cut-off were calculated. Correlation of
hematological parameters with inflammatory protein, CRP were
analyzed using Pearson correlation coefficient. Similar analyses
were performed among the diabetic subset. P-value <0.05 was
recognized as statistically significant. Statistical analysis was per-
formed using SPSS v21.0 software.
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3. Results

3.1. Age and mortality

In our study, the total cohort comprised of 154 patients (mean
age - 52.73 years), including a diabetic subset of 57 patients (mean
age - 59.31years). Among those who expired (n ¼ 43) the mean age
was 63.81 years in the total cohort, while it was 48.43 years
(n ¼ 111) in those who recovered. The mean age in the diabetic
subset among the deceased was 64.95 years (n ¼ 21) while among
those who recovered was 56.03 years (n ¼ 36).

A significant association with respect to age and mortality (OR
-1.080, p < 0.01) and with recovery (OR-0.926, p < 0.001) was
observed both in the total cohort and among diabetics (Table 1).

3.2. Gender

In total cohort among 154 patients, mortality was seen in 24%
(12/50) females, while in males, the mortality was 29.8% (31/104)
(p ¼ 0.452). Among diabetics, mortality was seen in 46.7% (7/15)
females, while in males 33.3% (14/42) (p ¼ 0.358) (Table 1).

3.3. Total leucocyte count (TLC)

Our study reported a statistically significant association with a
positive correlation between TLC and mortality, seen both in the
total cohort (p < 0.001) and in the diabetic subset (p ¼ 0.002). The
mean TLC of the patients in the total cohort (n ¼ 154) was
10,250 cells/mm3 while among diabetics (n ¼ 57) it was
10,500 cells/mm [3] (Table 1).

In the total cohort using Younden’s index for deriving the
highest sensitivity (83%) and specificity (60%) in the ROC curve,
with an area under curve (AUC) of 0.764, an applicable cut-off for
TLC was 8950 cells/mm3 with an odds ratio of 7.53 for predicting
mortality. In the diabetic subset with a similar cut-off for TLC (AUC-
0.762, sensitivity 90% and specificity 60%) the odds ratio for pre-
dicting mortality was 14.9. (Fig. 1, Table 2).

3.4. Absolute neutrophil count (ANC)

A statistically significant association with a positive correlation
between the ANC and mortality is seen in total (p < 0.001) and in
diabetic cohorts (p ¼ 0.001). Mean ANC of the patients in the total
cohort (n ¼ 154) was 7881 cells/mm3 while among diabetics
(n ¼ 57) was 8378 cells/mm [3] (Table 1).

Using Younden’s index for deriving the highest sensitivity (79%)
and specificity (71%) in the ROC curve, with an AUC of 0.789, an
applicable cut-off for ANC in the total cohort was 7679 cells/mm [3],
which had an odds ratio of 8.14 in predicting the mortality (Fig. 1
and Table 2). In the diabetic subset, an ANC cut-off of 6510 cells/
mm3 (AUC - 0.773, sensitivity - 95%, specificity - 62%), had a greater
odds ratio of 16.8 in predicting the mortality (Table 2 and Fig. 2).

3.5. Neutrophil lymphocyte ratio (NLR)

A statistically significant association with a positive correlation
of the NLR with mortality was seen in the total cohort (OR-4.77,
p < 0.001) and in diabetic subset (OR-6.0, p ¼ 0.043). In the total
cohort (n ¼ 154) mean NLR of the patients was 6.514, while among
diabetics (N ¼ 57) was 8.92 (Table 1). Deriving the highest sensi-
tivity (76%) and specificity (62%) in the ROC curve, with an AUC of
0.741, an applicable cut-off for the NLR in the total cohort was
5.1313 which had an odds ratio of 4.77 in predicting the mortality
(Fig. 1 and Table 2). In diabetic subset, AUC for NLR was 0.678, with
similar cut-off of NLR, diabetics had a sensitivity of 85% and



Table 1
Demographic, hematological parameters and their association with mortality in the total cohort and diabetic subset.

Total(n ¼ 154) Diabetic (n ¼ 57)

Variable Mean P-valuea Mean P-valuea

Age 52.73 <0.01 59.31 0.009
Sex (males) 67.5% 0.452 73 0.358
Hemoglobin 12.13 0.78 11.96 0.882
Mean corpuscular volume 79.82 0.574 81.3 0.812
Mean corpuscular hemoglobin 26.86 0.62 27.3 0.423
Mean corpuscular haemoglobin concentration 31.96 0.207 32.05 0.855
Packed cell volume 37.71 0.884 36.76 0.666
Red blood cell count(106/mm3) 4.88 0.602 4.47 0.236
Platelets 2.87 � 105 0.838 3.04 � 105 0.804
Total leucocyte count 10250 <0.001 10500 0.002
Absolute neutrophil count 7881 <0.001 8378 0.001
Eosinophils 263 0.051 251.3 0.194
Monocytes 394.1 0.598 385.96 0.913
Lymphocytes 2071 0.413 1429.2 0.803
Neutrophil lymphocyte ratio 6.514 <0.001 8.92 0.043
Derived neutrophil lymphocyte ratio 4.1 <0.001 5.27 0.04
Eosinophil monocyte ratio 1.53 0.792 1.17 0.264
Platelet lymphocyte ratio 232.54 0.161 300 0.282
C-reactive protein 50.65 0.004 74.72 0.045
Random blood sugar 235 0.078 291 0.236

a p-value of association between parameters and mortality.

Fig. 1. Receiver operating characteristic curve analysis of total cohort including total
leucocyte count (TLC) (area under curve ¼ 0.764), absolute neutrophil count (ANC)
(area under curve ¼ 0.789), neutrophil lymphocyte ratio (NLR) (area under
curve ¼ 0.741), derived neutrophil lymphocyte ratio (dNLR) (area under curve ¼ 0.741)
and c-reactive protein (CRP) (area under curve of 0.718).
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specificity of 51% and odds ratio of 6 in predicting the mortality
(Fig. 2 and Table 2).
3.6. Derived neutrophil lymphocyte ratio (dNLR)

A statistically significant association between dNLR and mor-
tality was seen in the total cohort (OR-4.43, p < 0.001) and in
diabetic cohort (OR-4.7, p ¼ 0.04). In the total cohort (n ¼ 154)
mean dNLR of the patients was 4.1, while among diabetics (n ¼ 57)
741
was 5.27 (Table 1). Deriving the highest sensitivity (74%) and
specificity (60%) in the ROC curve, with an AUC of 0.741, an appli-
cable cut-off for the dNLR in the total cohort was 3.44, which had an
odds ratio of 4.43 in predicting the mortality (Fig. 1 and Table 2). In
the diabetic subset, dNLR cut-off of 3.25 (AUC - 0.685,
sensitivity �90% and specificity - 51%) had a greater odds ratio of
4.7 in predicting the mortality (Fig. 2 and Table 2).

Absolute lymphocyte count, absolute eosinophil count, ab-
solute monocyte count: There was no statistically significant as-
sociation with mortality and recovery with absolute lymphocyte
counts (total, p ¼ 0.352 vs. diabetic, p ¼ 0.803), eosinophil counts
(total, p¼ 0.054 vs. diabetic, p¼ 0.194) andmonocyte counts (total,
p ¼ 0.598 vs. diabetic, p ¼ 0.913) (Table 1).

Eosinophil Monocyte Ratio (EOM): No statistically significant
association with mortality is seen in both total (p ¼ 0.792) and
diabetic subsets (p ¼ 0.264). Platelet Lymphocyte Ratio (PLR) also
had no statistically significant association with mortality in both
total cohort (p ¼ 0.792) and diabetic subset (p ¼ 0.264) (Table 1).

In our present study, other hematological parameters like he-
moglobin, packed cell volume, red blood cell counts, mean
corpuscular volume, mean corpuscular hematocrit, mean corpus-
cular hematocrit concentration, and platelet counts, whether in the
total cohort or among diabetics, did not show statistically signifi-
cant differences with respect to either mortality or recovery
(Table 1).

3.7. C-reactive protein (CRP) and mortality

C-reactive protein, an inflammatory marker, has a statistically
significant positive correlation with mortality in both groups
(p ¼ 0.004). The mean CRP in the total cohort was 50.65 mg/L
(higher among those who expired 83.88 mg/L, and 38.68 mg/L
among those who survived) (Table 1).

Deriving the highest sensitivity (85%) and specificity (54.6%) in
the ROC curve, with an AUC of 0.718, an applicable cut-off for the
CRP in the total cohort was 19.7 mg/L, which had an odds ratio of
5.7 in predicting the mortality (Fig. 1 and Table 3). In the diabetic
subset, CRP has a positive correlation with mortality, which was
statistically significant (p¼ 0.045). Themean CRP in diabetic subset
was 74.72 mg/L, while among those who expired, it was 116.3 mg/L,
while among those who survived, it was 54.78 mg/L (Table 1)



Table 2
Area under curve and applicable cut-offs with sensitivity, specificity, and odds ratio (OR) for mortality derived from the receiver operating characteristics curve for statistically
significant hematological variables.

Variable Cohort Area under curve Cut-off Sensitivity Specificity Odds ratio

Total leucocyte count Total 0.764 8950 83 60 7.53
Diabetes Mellitus 0.762 8950 90 61 14.9

Absolute neutrophil count Total 0.789 7679 79 71 8.14
Diabetes Mellitus 0.773 6510 95 62 16.8

Neutrophil lymphocyte ratio Total 0.741 5.1313 76 62 4.77
Diabetes Mellitus 0.678 5.1313 85 51 6

Derived neutrophil lymphocyte ratio Total 0.741 3.4466 74 60 4.43
Diabetes Mellitus 0.685 3.2572 90 51 4.7

C-reactive protein Total 0.718 19.7 85 54 5.7
Diabetes Mellitus 0.723 52.5 72 74 5.36

Fig. 2. Receiver operating characteristic curve analysis of total leucocyte count (TLC)
(area under curve 0.762), absolute neutrophil count (ANC) (area under curve 0.773),
neutrophil lymphocyte ratio (NLR) (area under curve 0.678), derived neutrophil
lymphocyte ratio (dNLR) (0.685) and c-reactive protein (CRP) (area under curve 0.723)
in diabetic subset.

Table 3
Correlation between C-reactive protein and hematological parameters.

PARAMETERS C-reactive
protein in total
cohort

C-reactive
protein in
diabetic subset

r value p value r value p value

Total leucocyte count 0.025 0.802 �0.072 0.684
Absolute neutrophil count 0.090 0.370 �0.040 0.821
Neutrophil lymphocyte ratio 0.344 <0.001 .0281 0.107
Derived neutrophil lymphocyte ratio 0.298 <0.001 0.187 0.290
Eosinophil monocyte ratio �0.030 0.768 �0.097 0.587
Platelet lymphocyte ratio 0.422 0.365 0.373 0.543
Platelets 0.092 0.357 0.074 0.678
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For diabetic subset a cut-off with AUC of 0.723 with a sensitivity
of 72.72% and specificity, 73.91% was 52.5 mg/L. The odds ratio for
predicting mortality was 5.36 in diabetic subset (Fig. 2 and Table 3).
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3.8. Correlating immuno-hematological parameters with
inflammatory protein - CRP

1. CRP vs NLR: In the total cohort, NLR had a highly statistically
significant positive correlation with CRP (p < 0.001, Pearson’s
correlation coefficient r ¼ 0.358). while in the diabetic subset, it
was not statistically significant (p ¼ 0.101, r ¼ 0.286).

2. CRP vs dNLR: dNLR had a statistically significant positive cor-
relation with CRP (p ¼ 0.00, r ¼ 0.319) in the total cohort, while
in the diabetic subset, though a positive correlation was seen, it
was not statistically significant (p ¼ 0.241, r ¼ 0.207).

3. No statistically significant correlation was seen between CRP
and ANC, TLC, eosinophil monocyte ratio, PLR, platelets, and
lymphocytes in the total cohort and diabetic subsets (Table 3).
3.9. Admission plasma glucose

Mean admission plasma glucose was 235 mg/dl and 291 mg/dl
in the total cohort and diabetic subset, respectively. No significant
association between mortality and admission glucose was seen in
both the groups (p ¼ 0.078 and p ¼ 0.236). Similarly, no significant
correlation between glucose levels and TLC, ANC, NLR, dNLR and
CRP was seen in total cohort and diabetic subset (Table 1).

4. Discussion

This study analyzed the immune-hematological biomarker data
as prognostic tools in determining the outcome of the hospitalized
severe COVID-19 patients. In addition, the correlation between C-
reactive protein (CRP) and haemato-cytological markers was
assessed to strengthen their validity as predictive tools for the
outcome.

In our study, the total cohort comprised of 154 patients, among
which the diabetic subset included 57 patients. 43 of 154 patients
(27.95%) expired. Among the diabetic subset, 21 of 57 (36.8%) pa-
tients expired.

Several laboratory abnormalities were reported in severe and
critically ill COVID-19 patients [9-11]. Henry BM et al. reported that
in general, neutrophilia and lymphopenia are associated with dis-
ease severity and mortality [12].

Leukocytes provide the first immunological defense against
infection in the host, and in this, the neutrophils predominate [13].
Certain investigators attempted to identify inflammatory markers
such as NLR, dNLR and PLR derived from hemocytometry and re-
ported optimal thresholds for predicting mortality in COVID-19
patients. In comparison to other studies, we focused on easily
accessible peripheral blood indices such as TLC and ANC. In addi-
tion, the derived parameters such as NLR, dNLR, PLR, and eosinophil
monocyte ratio were also studied. Statistically calculated applicable
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cut-off based on ROC curves for these indices were analyzed to
predict the outcome or mortality in hospitalized severe COVID-19
patients. We postulated that such predictive thresholds might
serve as simple bedside cost-effective prognostic biomarkers and
offer a huge economic advantage for the health care setting.

More than 50% of the deceased among both groups in our study
had leukocytosis and a significant number of patients also had
normal leucocyte counts. The mean TLC was 10,250 cells/mm3 in
the total cohort (n ¼ 154), and 10,500 cells/mm3 among diabetics
(n ¼ 57) respectively.

4.1. Applicable cut-offs for predicting mortality

An important and interesting observation of our study is that, a
cut-off of 8950 cells/mm3 even within the normal range of total
leucocyte count, predicted poor prognosis in both the total and the
diabetic cohorts among severe COVID-19 patients Using Younden’s
index for deriving the highest sensitivity (83%) and specificity (60%)
in the ROC curve, with an AUC of 0.764, a TLC threshold of
8950 cells/mm3 predicted the mortality with an odds ratio of 7.53
in the total cohort (Fig. 1). While the diabetics had a greater odds
ratio of 14.9 (AUC ¼ 0.762, sensitivity ¼ 90%, specificity ¼ 60%),
with a similar cut off of 8950 cells/mm [3](Fig. 1). This striking
finding can serve as a simple and applicable prognosticator of
mortality and help the clinician to be alert and to take appropriate
early treatment decisions in improving the clinical outcome in
patients. This is further strengthened by our observations regarding
the threshold for ANC and prognosis, as discussed below.

Neutrophil mediated phagocytosis and neutrophil extracellular
trap formation results in bactericidal and fungicidal actions of
neutrophils [14]. However, their role in viral infections remains
unclear [15]. Once activated, leucocytes induce cell DNA damage
through the release of reactive oxygen species. This, in turn stim-
ulates cellular and humoral response leading to antibody-
dependent cell-mediated cytotoxicity [16]. Polymorphonuclear
leukocytes can be triggered by virus-related inflammatory factors,
such as interleukin-6 and interleukin-8, tumor necrosis factor-
alpha (TNF-alfa), granulocyte colony-stimulating factor (G-CSF),
and interferon-gamma factors (IFGs), produced by lymphocyte and
endothelial cells [17].Post-mortem findings of affected COVID-19
patients demonstrated extensive neutrophil infiltration in pulmo-
nary capillaries with extravasation into the alveolar space [18]. This
suggests that inflammatory cell accumulation and endothelitis
contribute to "happy hypoxia" as a result of microcirculatory
dysfunction [19]. The virus infects T cells in addition to other organs
through the CD147-spike protein and angiotensin-converting
enzyme 2 (ACE2) receptors [20]. COVID-19 disease results in a
decreased population of CD3þ, CD4þ, and CD8þ T lymphocytes and
an increased number of regulatory T cells [21].

In contrast to the combined neutrophilia and lymphocytopenia
reported in most other studies [22], our study showed a mean ANC
of 7881 cells/mm3 (normal range ¼ 2500e6000) a mean absolute
lymphocyte count of 2070 cells/mm3 (normal range ¼ 800e5000).
The applicable cut-off for ANC for the total cohort was 7679 cells/
mm3 (sensitivity 79%, specificity 71%, and OR - 8.14) in predicting
the mortality. This probably explains the poor prognosis in our
patients, even when the TLC was in the normal range. This em-
phasizes that both TLC and ANC together have a positive predictive
role in mortality. In addition, diabetics with a lower ANC cut-off of
6510 cells/mm3 had a greater odds ratio of 16.8 in predicting
mortality (sensitivity of 95% and specificity of 62%).

Zahorec et al. proposed NLR (NLR ¼ ANC/absolute lymphocyte
counts) as a prognostic marker in critically ill patients, which
correlatedwell with APACHE II and SOFA scores [23] and among the
avian influenza-infected patients [24]. Ai-Ping et al. reported that
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NLR of 3.3 had a sensitivity of 88% and specificity of 63.6% in
determining prognosis in severe COVID-19 patients. dNLR, calcu-
lated using a formula: ANC/(TLC - ANC) has also been projected as
another novel prognostic immuno-biomarker. In the same study,
dNLR cut-off of 2.8 had a sensitivity of 55% and specificity of 84% in
predicting prognosis in severe COVID-19 patients [25].

In our study, the optimal thresholds of NLR and dNLR for pre-
dicting mortality in a total cohort using the ROC curve were
5.13(sensitivity ¼ 76% and specificity ¼ 62%, OR ¼ 4.77), 3.44
(sensitivity ¼ 74% and specificity ¼ 51%, OR ¼ 4.43) respectively.

Whereas in the diabetic subset, the applicable thresholds for
NLR and dNLR for predicting mortality were 5.13 (sensitivity ¼ 85%
and specificity ¼ 51%, OR ¼ 6) and 3.25 (sensitivity ¼ 90% and
specificity¼ 51, OR¼ 4.7) respectively. An interesting finding of this
study is that diabetics with similar or lower thresholds had a
greater odds ratio for predictingmortality compared to total cohort.

4.2. Platelet lymphocyte ratio and eosinophil monocyte ratio

Platelet lymphocyte ratio has also been studied as a sensitive
indicator of the degree of cytokine storm in COVID-19 [26]. In
contrast to this finding, no significant associationwas seen between
platelet lymphocyte ratio and mortality in our study in both total
(p ¼ 0.792) and diabetic cohorts (p ¼ 0.264).

When used as a ratio, namely eosinophil monocyte ratio, both
eosinophils, and monocytes have been proposed as markers of
inflammation in atherosclerotic STEMI patients. Eosinophils release
immune-suppressive cytokines like IL-10 and IL-13 which suppress
T cells. Monocytes are pro-inflammatory, releasing TNF alpha and
IL-6. Thus, a lower eosinophil monocyte ratio has been associated
with higher mortality [27]. Hence, we studied the absolute
neutrophil count of this marker in predicting mortality in severe
COVID -19 patients who in general, have underlying co-morbid
conditions. However, no statistically significant association with
mortality were seen in both total (p ¼ 0.792) and diabetic subsets
(p ¼ 0.264) in our study.

4.3. Correlation with admission plasma glucose

At admission, random plasma glucose levels were not shown to
have any significant correlation with immuno-hematological pa-
rameters such as TLC, ANC, NLR, dNLR, and CRP in both the groups
(p ¼ 0.078 and p ¼ 0.236, respectively) (Table 1). It is to be noted
that in the diabetic subset, only those patients with a confirmed
history of diabetes and on anti-diabetic medications were included,
and we did not compare between diabetics and non-diabetics.
HbA1c was not done for all patients due to resource constraints
during the COVID-19 pandemic. Themean plasma glucose (235mg/
dl) (Table 1) seen in the total cohort could be explained due to the
combination of various factors such as the diabetic subset’s
contribution, few cases of de-novo diabetes mellitus, stress hy-
perglycemia, COVID-19 related hyperglycemia, etc.

In addition, hemoglobin, packed cell volume, red blood cell
counts, mean corpuscular volume, mean corpuscular hemoglobin
concentration, platelet counts and platelet lymphocyte ratio did not
show a statistically significant difference with respect to either
mortality or recovery in either total cohort or among diabetics in
our patients.

4.4. Optimal thresholds for C-reactive protein in severe COVID-19

C-reactive protein, an acute-phase inflammatory protein, re-
ported to be used as a predictor of severity of COVID-19 infection
[28]. Another striking observation in our study is that the diabetic
subset had higher admission CRP levels than the total cohort
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(74.7 mg/L vs 50.65 mg/L). In predicting the mortality, diabetic
subset had a higher applicable ROC curve threshold (CRP of
52.5 mg/L, AUC ¼ 0.723 with a sensitivity of 72.72% and specificity
73.91%) compared to the total cohort (CRP of 19.7 mg/l, area under
curve 0.718 with a sensitivity of 85% and specificity 54.6%). (Table 1
and Fig. 2). This confirms that CRP is an inflammatory prognostic
tool.

4.5. Correlation between CRP and hematological biomarkers

To further validate our observations in better prognostication of
the outcome in severe COVID-19 patients, we have evaluated the
correlation between these simple blood cell indices and CRP. In the
total cohort CRP had a statistically significant association with
positive correlation with NLR (p < 0.001, r ¼ 0.358) and with dNLR
(p ¼ 0.001, r ¼ 0.319). This highlights the importance of the role of
immuno-hematological markers in understanding the underlying
pathophysiologic perspective and their role in predicting the
mortality and recovery in severe COVID-19 patients.

Focus on the diabetic subset: Diabetes mellitus is an inflam-
matory disorder. Uncontrolled diabetes mellitus predisposes to
severe COVID-19. The consequences of heightened immuno-
inflammatory reaction can lead to increased mortality in this sub-
set. In line with this, our study emphasizes that lower or similar
applicable cut-offs of TLC, ANC, NLR, dNLR and CRP showed a higher
odds ratio in predicting mortality in this group.

The limitations of this study are its retrospective nature and the
relatively small sample size. HbA1c at admission would have pro-
vided more insight into the association between glycemic status
and hematological parameters. Prospective studies with larger
patient enrollment can help in establishing their role as predictive
biomarkers in severe COVID-19.

5. Conclusion

These statistically proven applicable cut-offs for immuno-
hematological biomarkers drawn from simple peripheral blood
hemocytometry at hospital admission can serve as applicable
guiding tools to the clinicians in early identification of high-risk
severe COVID-19 patients with and without diabetes.

Our study highlights that even a normal range total leucocyte
count can be deceptive, portending an ominous outcome, and
should be viewed critically in severe COVID-19 infection. A simple,
applicable total leucocyte count threshold, 8950 cells/mm3, in
addition to the other easily derived parameters such as ANC, NLR
and dNLR strengthens the positive predictive role in prognosti-
cating the clinical outcome in these patients in a cost-effective
manner. The correlation of these biomarkers with CRP empha-
sizes this point.

We suggest that widespread clinical use of these simple and
economic hematological biomarkers may aid in the early and
effective implementation of treatment strategies in the hospital-
ized setting. It improves the clinical outcome and reduces the
financial burden on the health care sector in both developing and
developed countries.
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