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Abstract

Hematological parameters like total leukocyte count (TLC), neutrophil, lymphocyte, and absolute eosinophil counts (AEC),
and neutrophil-to-lymphocyte ratio (NLR) are known to predict the severity of novel coronavirus disease 2019 (COVID-
19) patients. In the present study, we aimed to study the role of complete blood count parameters in triaging these patients
requiring intensive care unit (ICU) admission. A retrospective study was done over a period of 2 months. Patients, who
were > 18 years of age with COVID-19 confirmed on SARS-CoV-2 reverse transcription-polymerase chain reaction (RT-
PCR) and whose routine hematology counts were sent within 24 h of admission, were included in the study. Cut-off values
of 47.5 years for age, 11.3 x 10°/L for TLC, and 9.1 for NLR were predictive of disease severity among COVID-19 patients.
Relative neutrophilia >70% (p < 0.007), relative lymphopenia <20% (p <0.002), AEC <40/cumm (p <0.001), and NLR >9.1
(» <0.001) were significantly associated with ICU admission. Routine hematological parameters are cost-effective and fast
predictive markers for severe COVID-19 patients, especially in resource-constrained health care settings to utilize limited

ICU resources more effectively.
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Introduction

Novel coronavirus disease 2019 (COVID-19) resembles
severe acute respiratory syndrome coronavirus (SARS-
CoV) [1]. Most patients are asymptomatic and those with
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symptoms develop mild flu-like conditions to severe acute
respiratory syndrome or death [1, 2]. Gastrointestinal symp-
toms are also reported in COVID-19 patients which include
nausea and diarrhea [2]. Clinical signs of COVID-19 include
fever, cough, expectorations, shortness of breath, and anos-
mia [2].
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Considering the infectivity and serious harm of
COVID-19, it is of paramount importance to identify
various circulating biomarkers, which can predict the
severity of COVID-19 [1]. Complete blood counts (CBC)
including total leukocyte count (TLC) and neutrophil-to-
lymphocyte ratio (NLR) are indicators of the systematic
inflammatory response that are being widely investigated
as predictors of severity of COVID-19 pneumonia [1].
Lymphocyte and eosinophil counts, which are indicators
of inflammation, have also been widely used for pre-
dicting severity in COVID-19 patients [1, 3]. Because
of the large number of COVID-19 patients flooding the
healthcare system, these routine markers are especially
important. Therefore, a simple CBC which includes TLC,
neutrophil, lymphocyte, and eosinophil counts, and NLR
may be extremely useful in predicting the severity and
triaging of these patients especially in developing coun-
tries with limited resources.

In light of this, the current study was conducted to
investigate the role of CBC parameters like TLC, neu-
trophil, lymphocyte, and absolute eosinophil counts
in triaging the patients requiring intensive care unit
(ICU) admission.

Methods
Study Design

This is a retrospective study done over a period of
2 months from 1st April 2021 to 31st May 2021. All
patients, who were > 18 years of age with COVID-19 con-
firmed on SARS-CoV-2 reverse transcription-polymerase
chain reaction (RT-PCR) and whose routine hematology
counts were sent within 24 h of admission were included
in the study. Patients already on steroid treatment were
excluded from the study.

Laboratory Testing

Blood samples were collected in vacutainers containing
EDTA (ethylenediamine tetraacetic acid) for CBC. CBC of
the patients were done on automated six parts Sysmex hema-
tology analyzer. The following parameters were assessed:
hemoglobin, platelets count, total leukocyte counts (TLC),
relative neutrophil count, relative lymphocyte count, neu-
trophil-to-lymphocyte ratio (NLR), and absolute eosinophil
counts (AEC).

Anemia was defined as hemoglobin value <12
gm%. Thrombocytopenia was defined as platelets
count < 150 x 10%/L. Relative neutrophilia was defined as
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neutrophil >70%, and relative lymphopenia was defined as
lymphocytes <20%. Eosinopenia was defined as AEC <40/
cumm.

Criteria for ICU Admission

Patients having any one of these—respiratory rate > 30/min,
breathlessness, or SpO2 <90% on room air—were admitted
to ICU [4, 5].

Statistical Analysis

We grouped the patients into ICU and non-ICU according
to the criteria stated above. The optimal cut-off values of
continuous NLR, age, and TLC were calculated by apply-
ing the receiver operating characteristic (ROC) curve analy-
sis. All the variables were summarized as percentages and
counts in each category. Their association with ICU and
non-ICU admission was evaluated by the chi-square (y2) test
and Fisher’s exact test. A p-value <0.05 was recognized as
statistically significant. All the statistical calculations were
performed by Statistical Package for Social Science (SPSS)
Software 64-bit version.

Results

A total of 105 patients who were positive for SARS-Cov2 on
RT-PCR were included in the study. The age of the patients
ranged from 18 to 82 years with a mean age of 48.8 years
and median age of 50 years. There were 54 males and 51
female patients with a M:F ratio of 1.05. Out of 105 patients
admitted, 55 patients required ICU care.

The range and median values of the hematological param-
eters of the patients are tabulated in Table 1.

Age, TLC, and NLR were used to identify patients who
required ICU admission. No single accepted reference value
was found for these parameters. Therefore, we analyzed the
optimal cut-off values of age, TLC, and NLR calculated by
the ROC curve analysis (Fig. 1).

Table 1 Hematological parameters of the patients

Hematological parameters Range Median
Hemoglobin (gm%) 6.31t0 18 12.6
Platelets (x 10°/L) 30 to 600 210
TLC (x 10°/L) 2.6t030 11.2
Neutrophil (%) 41 to 97 86
Lymphocytes (%) 1 to 54 9.08
NLR 0.75 to 96 9.3
Absolute eosinophil count (/cumm) 0to 812 43




SN Comprehensive Clinical Medicine (2022) 4:39

Page3of 5 39

Fig. 1 ROC curve analysis of
age, TLC, and NLR for predict- 1.0
ing ICU admission
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The area under the curve (AUC) of age, TLC, and NLR
were 0.79, 0.70, and 0.75 respectively. The highest sensi-
tivity for age was 72% and specificity was 66%. The high-
est sensitivity and specificity for TLC were 60% and 64%
respectively, and for NLR were 74% and 74% respectively
(Table 2). With the highest sensitivity and specificity,
the optimal cut-off values for age, TLC, and NLR were
47.5 years, 11.3x 10°/L, and 9.1 respectively (Table 2).

All the parameters of the patients were analyzed with
relation to ICU and non-ICU admissions (Table 3).
Age >47.5 (p<0.01), male patients (p <0.001),
TLC>11.3x10°L (p <0.014), relative neutro-
philia>70% (p <0.007), relative lymphopenia <20%
(p<0.002), NLR >9.1 (p <0.001), and AEC <40/cumm
(p» <0.001) were significantly associated with ICU admis-
sion (Table 3). AEC was zero in 35 out of 55 patients
(63.6%), who required ICU admission.

Hemoglobin levels (p =0.29) and platelet counts
(p=0.61) had no correlation with regard to ICU admis-
sion of COVID-19 patients.

04 06 08 1.0

1 - Specificity

Discussion

In our study, we analyzed hemoglobin, platelet count, TLC,
neutrophils, lymphocytes, NLR, and AEC to know their
predictive role in the severity of COVID-19 patients. These
hematological parameters within 24 h of admission were
analyzed with relation to ICU and non-ICU admission of
these patients.

In our study, optimal thresholds for age, TLC, and NLR
were calculated by using the ROC curve. With the high-
est sensitivity and specificity, the optimal cut-off values
for age, TLC, and NLR were calculated as 47.5 years,
11.3x 10°/L, and 9.1 respectively. Those patients whose
age>47.5 years, TLC > 11.3 x 10°/L, and NLR >9.1 pre-
dicted the development of critical illness and required
ICU admission for COVID-19 patients. A study done
by Yang AP et al. showed that 46.1% of the COVID-19
patients with mild disease whose age >49.5 years old
and NLR > 3.3 became severe. So, these patients must be

Table 2 Area under the curve

A p d Testresult ~ AUC  95% confidence interval ~ p-value  Optimal cut-off value  Sensitiv- Speci-

(AUC) or age, TLC, an NLR variable(s) ity (%) ficity

for predicting ICU admission (%)
Age 0.793  0.710-0.877 <0.001 47.5 years 72 66
TLC 0.707  0.608-0.805 <0.001 11.3x10°L 60 64
NLR 0.754  0.660-0.848 <0.001 9.1 74 74
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Table 3 Association of hematological parameters with COVID-19
patients

Characteristics ICU (n=55) Non- p-value
ICU
(n=50)

Age >47.5 years 40 17 <0.01
<47.5 years 15 33

Sex Male 38 16 <0.001
Female 17 34

Hemoglobin >12 32 34 0.29

(gm%) <12 23 16

Platelets >150 49 46 0.61

(x 10°/L) <150 6 4

TLC >11.3 33 18 <0.014

(x10°/L) <113 2 32

Neutrophil >70 52 38 <0.007

(%) <70 3 12

Lymphocytes >20 6 18 <0.002

(%) <20 49 32

NLR >9.1 41 15 <0.001
<9.1 14 35

Absolute eosino- >40 17 35 <0.001

phil count (per <40 38 15
cumm)

closely attended to by clinicians [1]. In another series of
81 patients, Ma A et al. identified that NLR helped to
predict the development of acute respiratory distress syn-
drome (ARDS) in COVID-19 patients [6]. They found that
NLR > 11 predicted the development of moderate to severe
ARDS and NLR > 9.8 could predict the overall require-
ment of ventilation [6]. In another prospective cohort of
COVID-19 patients from Wuhan, China, by Liu J et al., a
relatively lower NLR value of > 3.13 predicted the devel-
opment of critical illness in patients aged > 50 years [7].
In the present study, relative neutrophilia >70%
(p <0.007), relative lymphopenia <20% (p < 0.002), and
NLR >9.1 (p<0.001) were significantly associated with
ICU admission. Neutrophils are a vital component of body
immunity while lymphocytes play an important role in
inflammatory responses. Despite their beneficial effect on
the initiation of the adaptive response, neutrophils have
been implicated in the development of ARDS via their role
in the state of “hyper-cytokinemia” or cytokine storm in
COVID-19 patients [8—10]. The production of cytotoxic
T-lymphocytes (CTL) is a crucial part of the immune
response during a viral infection [8]. Like its predeces-
sors, SARS-CoV-2 infection is associated with a rapid
fall in lymphocyte count, which is more pronounced in
ICU patients [8, 11-13]. The different hypotheses explain-
ing lymphopenia in COVID-19 are chemokine-mediated
lymphocyte redistribution, sequestration in the lungs, and
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CD13- or CD66-mediated bone marrow suppression [8,
11-13].

An elevated NLR suggests a dysregulation of the inflam-
matory and immune responses. Thus, an elevated NLR could
be used as a probable marker of disease severity in infectious
illnesses. In a meta-analysis of 15 studies by Zeng F et al.,
higher neutrophil counts and NLR but lower lymphocyte
counts were observed in severe cases of COVID-19 com-
pared to non-severe cases [14]. The significance of NLR in
the prognosis of viral diseases like influenza patients was
shown to be a more sensitive indicator compared to neutro-
phil or lymphocyte counts alone [15]. Yang AP et al. also
reiterated NLR as an independent predictor of clinical out-
comes in COVID-19 patients [1]. Similarly, Lagunas-Rangel
FA et al. found a significant association of higher NLR in
severe cases of COVID-19 [16]. These results corroborate
the increasing clinical evidence on the predictive and prog-
nostic value of NLR in COVID-19 patients.

Reduction of AEC was significantly associated with ICU
admission in our study (p <0.001). Eosinopenia is known to
be associated with physiological stress response and acute
inflammatory and systemic response [17, 18]. Therefore, it
has been found in physiological stress and in several clinical
conditions including sepsis, viral infections, corticosteroids
and catecholamines therapy, psychiatric condition, and in
some allergies [19, 20]. It has been shown that the decrease
of circulating eosinophils occurs rapidly after the initiation
of an inflammatory process pointing to peripheral splenic
sequestration and also sequestration at the site of infec-
tion due to the chemotactic effects of increased cytokines
[17, 21]. It has been observed that the indicators of classic
inflammation, including c-reactive protein (CRP), ferritin,
and multiple serum cytokines (IL-2R, IL-6, IL-8, IL-10,
and TNF-a), were significantly higher in the group having
eosinopenia [22]. Jinjin H et al. demonstrated that AEC was
zero in 61% of the patients who eventually required ICU
care [22]. This event was called “the almost zero eosinophil
effect,” probably because of the process of “hyper-cytokine-
mia” caused by severe infection [23].

In the present study, AEC was zero in 63.6% who required
ICU admission. Other studies also demonstrated that severe
COVID-19 patients had much lower AEC and highly cor-
related with ICU transfer [22, 24]. Therefore, it is suggested
that AEC could be a reasonable predictive marker for sever-
ity in COVID-19 patients.

The present study had a few limitations, which include
selection bias due to the hospital-based population, a small
sample size, a retrospective study design, and the lack of
follow-up of the patients along with the serial assessment
of the CBC parameters.

Routine hematological parameters are cost-effective,
convenient, and fast predictive markers for severe COVID-
19 patients, which are helpful for resource-constrained
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health care facilities to utilize limited ICU resources more
reasonably.
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