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Abstract 

Background: There have been suggestions that hematologic abnormalities in COVID‑19 are linked with the progres‑
sion and severity of diseases and mortality. Lymphopenia, sepsis, and thrombocytopenia were highly reported in 
patients with COVID‑19. This study investigated the significance of hematologic abnormalities in patients with COVID‑
19 in Lagos, Nigeria, and its potential as a diagnostic tool for COVID‑19 severity.

Results: This was a retrospective observational study with a total of 340 patients with COVID‑19 (236 patients 
included in the analysis). These patients were categorized into two groups, comprising 71 patients with severe COVID‑
19 (SCP) and 165 patients with non‑severe COVID‑19 (NSCP). The majority were males in both categories (SCP 74.6% 
and NSCP 63.6%). The mean ± SD ages for SCP and NSCP were 52.28 ± 16.87 and 42.44 ± 17.18 years, respectively. 
The SCP (52.1%) and NSCP (20.0%) had underlying health conditions. The SCP exhibited significantly higher neutro‑
phil counts (P < 0.05) and significantly lower mean hemoglobin, red blood cell (RBC), packed cell volume (PCV), and 
lymphocyte values (P < 0.05). Anemia and lymphocytopenia were more prominent in the SCP group than in the NSCP 
group (P < 0.05). Hemoglobin, RBC, PCV, and lymphocytes were inversely correlated with age‑group in the SCP, while 
only lymphocytes and platelets were inversely correlated with age‑group in the NSCP. The highest area under the 
ROC curve (AUC) for neutrophils was 0.739 with a sensitivity of 62.0% and specificity of 80.0%, while white blood cells 
had an AUC of 0.722 with a sensitivity of 73.2% and specificity of 61.2%. The AUC for neutrophil–lymphocyte ratio 
(NLR) was 0.766 with a sensitivity of 63.3% and specificity of 83.5%, while that for the platelet–lymphocyte ratio (PLR) 
was 0.695 with a sensitivity and specificity of 61.7% and 77.8%.

Conclusions: COVID‑19 affected the levels of hemoglobin, RBC, PCV, and lymphocytes in the blood, and the differ‑
ences were significant between the SCP and NSCP. The significant changes in neutrophil and lymphocyte counts may 
be useful in the prognosis and management of COVID‑19 severity in hospital settings. Furthermore, NLR and PLR may 
be used in the prognosis and management of severe COVID‑19 infection, as well as provide an objective basis for 
early identification and management in low‑resource settings.
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Background
SARS-COV 2, as the etiological agent of COVID-19, 
causes severe acute respiratory syndrome and is associ-
ated with multiple organ failure and death; it has rap-
idly evolved into a global pandemic affecting millions 
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of people (Terpos et al. 2020). The disease has affected 
222 countries/regions worldwide to date, and according 
to the World Health Organization (WHO), there have 
been approximately 540,562,504 confirmed cases and 
6,331,506 deaths globally as of June 13, 2022 (WHO 
2022). Although it was initially identified as a respira-
tory tract infection, emerging studies indicated that 
COVID-19 results in an illness associated with a wide 
range of clinical features, ranging from mild to moder-
ate upper respiratory tract infections to severe systemic 
diseases (Mehta et al. 2020; Tang et al. 2020).

The initial symptoms of the disease include cough, 
colon and dyspnea, fatigue, fever, muscle pain, myalgia, 
and shortness of breath. They may progress to acute 
respiratory distress syndrome (ARDS), multi-organ 
dysfunction, shock, and metabolic acidosis if the con-
dition worsens (Salehi-Abari et  al. 2020). COVID-19 
severity was divided into four levels (critical, severe, 
moderate, and mild) based on clinical manifestations, 
according to the National Health Commission of Chi-
na’s published protocol (version7) for diagnosis and 
treatment of COVID-19 (NHC and NATCM 2020).

Studies revealed that patients with clinical symptoms 
frequently progressed to pneumonia, with radiologi-
cal proof of parenchymal disease (Shang et al. 2020; Yu 
et  al. 2020). Another study suggested that individu-
als presenting with severe symptoms were likely to 
develop cytokine storm effect, as patients admitted to 
intensive care units showed elevated plasma levels of 
proinflammatory cytokines including interleukins and 
tumor necrosis factor (Huang et al. 2020). Hematologic 
abnormalities in COVID-19 have been linked with the 
progression and severity of disease and mortality (Taj 
et  al. 2021). In addition, abnormal coagulation pro-
file, lymphopenia, sepsis, and thrombocytopenia were 
highly reported in patients with COVID-19 infection 
(Lillicrap 2020). Lymphopenia was reported in about 
35–85% of patients and was the most prevalent blood 
count abnormality (Yang et al. 2020a, b).

Platelet counts were independently associated with 
disease severity and risk of mortality in the intensive 
care unit (ICU) (Lippi et al. 2020). COVID-19 had been 
linked to coagulopathies such as arterial thrombotic 
complications, disseminated intravascular coagula-
tion, local micro-thrombi, sepsis-induced coagulopathy 
(SIC), thrombo-inflammation, and venous thromboem-
bolism (VTE) (Amgalan and Othman 2020). Hemato-
logic biomarkers such as neutrophil and lymphocyte 
counts can play an important role in predicting disease 
severity early and provide a better guide for prompt 
patient management, thereby reducing disease mor-
bidity and mortality. It is important to closely monitor 

the hematologic manifestations of this particular virus 
because the pandemic is still evolving.

In this study, we investigated the significance of hema-
tologic abnormalities as diagnostic modalities in patients 
with COVID-19 infection in Lagos, Nigeria.

Methods
Study design
This was a retrospective observational study with a 
population of 340 individuals representing those seek-
ing treatment for COVID-19 at a hospital-based isola-
tion center in Lagos, Nigeria, from June to December 
2020. Only 236 patients with complete hematologic and 
demographic data were included in this study, while 104 
patients with incomplete demographic and hematologic 
data were excluded. COVID-19 test was performed on 
nasopharyngeal and throat swab samples using Roche 
Cobas® SARS-COV-2 test kit (Rotkreuz Switzerland) 
on Cobas 6800 system. Venous blood samples were col-
lected from patients and analyzed for malaria parasite 
using “First Response® Malaria Antigen P. falciparum 
(HRP2) Card Test” (Premier Medical Corporation Pri-
vate Limited, Valsad, Gujarat India), as well as hemato-
logic parameters using automated hematology analyzer. 
Patient charts were reviewed, and the data collected for 
this study included the following: demographic informa-
tion and hematologic parameters such as hemoglobin 
(Hb), red blood cell count (RBC), white blood cell count 
(WBC) or leukocytes, platelets (PLT), neutrophils (Neu), 
and lymphocytes (Lym) of patients who tested positive 
for COVID-19.

Based on the severity of patients with COVID-19, we 
classified 165 as “Patients with non-severe COVID-19” 
(NSCP) and 71 as “Patients with severe COVID-19” 
(SCP) according to WHO criteria (WHO 2020). Mild 
and moderate symptoms were classified as “non-severe,” 
while severe and critical were classified as “severe.”

Inclusion criteria (a) Patients diagnosed with COVID-
19 according to WHO guidelines (Table 1) with positive 
SARS-COV-2 RT PCR test. (b) Patients whose hemato-
logic data were available.

Exclusion criteria Patients with COVID-19 without 
documented hematology results.

Data collection A template was developed to collect 
specific information and data on the socio-demographic 
characteristics and hematologic parameters of patients 
with COVID-19 at Paelon Memorial Hospital.

Data management and statistical analysis Data editing, 
sorting, coding, classification, and tabulation were per-
formed using Microsoft Excel. The hematologic param-
eters were presented as the mean ± standard deviation 
(mean ± SD). An independent t test was used to assess 
differences in mean values of severity levels of COVID-19 
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for hematologic parameters. The diagnostic performance 
of the studied parameters was evaluated using receiver 
operating characteristic (ROC) analysis; the odds ratio 
was also obtained. IBM SPSS software (version 23.0) was 
used for descriptive, independent sample t test for con-
tinuous variables and receiver operating characteristic 
analysis. Pearson chi-squared and the Fisher’s exact tests 
were used for categorical variables and logistic regression 
in this study. Bonferroni multiple-comparison correction 
for accurate p values was also performed. We consid-
ered significant statistical variations or associations at a 
p value of < 0.05.

Results
Social and demographic characteristics of study 
participants
The descriptive statistics for all the patients with COVID-
19 were summarized and are presented in Table  2. 
Among the 236 participants, 158 (66.9%) were males and 
78 (33.1%) were females. The mean ± SD age of the SCP 
was 52.3 ± 16.9 years and 42.4 ± 17.2 years for the NSCP. 
Most of the participants were between 24 and 65 years of 
age.

Further analysis also revealed that 46 (65%) of SCP 
above 60  years of age were males, while 25 (35%) were 
females. Based on nationality, 152 (64.4%) were Nige-
rians, while 84 (35.6%) were non-Nigerians. Among the 
SCP, 37 (52.1%) had underlying conditions, of which 20 
(28.2%) had one underlying condition and 17 (23.9%) had 
two or more underlying conditions. Common comorbidi-
ties were diabetes mellitus, hypertension, and asthma. It 
was observed that 22 (13.3%) of the NSCP had a history 
of one comorbid disease, with 11 (6.7%) having a history 
of two or more diseases.

While mortality and comorbidity were significantly 
different between the SCP and NSCP, the presence of 
malaria parasite was not. The SCP had a mortality of 

6 (8.5%), but there were no mortalities in the NSCP. 
Major comorbidities associated with mortality were 
diabetes, hypertension, asthma, ischemic heart disease, 
and morbid obesity. A total of 123 patients were tested 
for malaria parasite with only 4 (3.25%) testing posi-
tive for the parasite. The members of the NSCP “group” 
were not hospitalized; however, the SCP had an average 
of 13-day length of stay in the facility.

Hematologic abnormalities in patients with COVID‑19
The hematologic alterations of the groups are presented 
in Table  3. First, a comparison was made between the 
hematologic variations of SCP and NSCP groups. The 
SCP had lower RBC and Hb levels than NSCP. The 
NSCP showed significantly lower WBC and neutrophil 
counts than SCP. It was also observed that PCV and 
lymphocyte counts were higher in NSCP than in SCP. 
The mean difference of Hb levels, RBC, PCV, WBC, 
neutrophil, lymphocyte, MID, and platelet counts 
was statistically significant at p value < 0.05. Bonfer-
roni multiple-comparison correction test for Table  3 
showed a p value of 0.005; this implied that all hemato-
logic parameters with significant p value at < 0.05 were 
truly significant except for MID% and platelets (PLT).

There were significant differences (P value < 0.05) 
between the hematologic abnormalities in the SCP 
and NSCP (Table 4). Secondly, in Table 4, the hemato-
logic parameters for the two groups showed that there 
were more SCP with lower Hb, RBC, and PCV (ane-
mia) than NSCP. A higher percentage of the SCP had 
increased WBC (leukocytosis) and neutrophils (neutro-
philia) than the NSCP. In contrast, 43(61%) of SCP had 
lower lymphocyte counts (lymphocytopenia) than the 
NSCP. Bonferroni multiple-comparison correction test 
for Table 4 showed a p value of 0.007; all hematologic 
parameters with significant p value at < 0.05 were truly 
significant except for PCV.

Table 1 WHO guidelines for COVID‑19 severity classification. Source: WHO (2020)

ARDS Acute respiratory disease syndrome, CT Computerized tomography, OSI Oxygen Saturation Index, OI Oxygenation Index

Category Symptoms

Mild Fever, cough, fatigue, such as sore throat, nasal congestion, headache

Moderate Adolescent or adult with clinical signs of pneumonia (fever, cough, dyspnea, fast breathing) but no signs of severe pneumonia, including 
SpO2 ≥ 90% on room air, loss of smell, loss of taste, diarrhea, nausea and vomiting, myalgia

Severe Adolescent or adult with clinical signs of pneumonia (fever, cough, dyspnea, fast breathing) plus one of the following: respiratory rate > 30 
breaths/min; severe respiratory distress; or SpO2 < 90% on room air. Loss of smell, loss of taste, diarrhea, nausea and vomiting, myalgia

Critical Chest imaging: (radiograph, CT scan, or lung ultrasound) bilateral opacities, not fully explained by volume overload, lobar or lung collapse, 
or nodules
Mild ARDS (invasively ventilated): 4 ≤ OI < 8 or 5 ≤ OSI < 7.5
Moderate ARDS (invasively ventilated): 8 ≤ OI < 16 or 7.5 ≤ OSI < 12.3
Severe ARDS (invasively ventilated): OI ≥ 16 or OSI ≥ 12.3
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Diagnostic performance evaluation of target parameters
The receiver operating characteristic (ROC) curve anal-
ysis was carried out to determine the significant dif-
ferences in hematologic parameters between SCP and 
NSCP. The ROC curve plotted the values of sensitivity vs. 
1-specificity as the value of the cutoff point moved from 
0 to 1. It was observed that the ROC curves (the purple 
and green lines) were close to the top left corner of the 
plot, which indicated that the model was a good predic-
tor as to whether the participants would have normal or 
abnormal neutrophil and WBC counts (Fig. 1).

The area under the curve (AUC) was an effective way 
to summarize the overall diagnostic accuracy of the test. 
Values within the range of 0–1 were designated as 0.7–
0.8 acceptable; 0.8–0.9 excellent; and > 0.9 outstanding 
(Jayawant 2010). Among the parameters, neutrophils and 
WBC showed good diagnostic performances according 
to ROC analysis (Fig.  1a, Table  5). Neutrophils showed 
an AUC value of 0.739 with a cutoff point 70.9, sensitiv-
ity 62.0%, and specificity 80.0% (95% CI 0.665–0.813). 
The AUC value of 0.739 suggested a 73.9% chance that 
one could correctly distinguish a patient with normal 

Table 2 Demographic characteristics and underlying conditions of patients with COVID‑19

SCP patients with severe COVID-19, NSCP patients with non-severe COVID-19

The P value is provided for comparison between the NSCP and SCP groups

Parameters NSCP (n = 165) SCP (n = 71) χ2 P value (< 0.05)

n % Mean ± SD n % Mean ± SD

Sex

Male 105 63.6 53 74.6

Female 60 36.4 18 25.4

Nationality

Nigerian 110 66.7 42 59.2

Non‑Nigerian 55 33.3 29 40.8

Age in years 42.4 ± 17.2 52.3 ± 16.9

3–23 17 10.3 1 1.4

24–44 82 49.7 25 35.2

45–65 53 32.1 27 38.0

66–86 13 7.9 18 25.4

Presence of comorbid disease

Yes 33 20.0 37 52.1 23.0208 0.000

No 132 80.0 34 47.9

Number of comorbid diseases

None 132 80.0 34 47.9

One 22 13.3 20 28.2

Two or more 11 6.7 17 23.9

Common comorbidities

Diabetes 10 6.0 11 15.5

Hypertension 21 12.7 27 38.0

Asthma 7 4.2 2 2.8

Mortality

Yes 0 0 6 8.5 11.100 0.000

No 165 100 65 91.5

Comorbidities associated with mortality

Diabetes and Hypertension 0 0 3 50

Hypertension and ischemic heart disease 0 0 1 66.7

Asthma 0 0 1 16.7

Morbid obesity 0 0 1 16.7

Malaria parasite n = 73 n = 50

Positive 1 1.4 3 6.0 0.8181 0.183

Negative 72 98.6 47 94.0
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neutrophil counts from a patient with abnormal neutro-
phil counts. Also, WBC showed an AUC value of 0.722 
with a cutoff point 6.935, sensitivity 73.2%, and specific-
ity 61.2% (95% CI 0.648–0.796). The AUC value of 0.722 
indicated a 72.2% chance that one could correctly distin-
guish a patient with normal WBC counts from a patient 
with abnormal WBC counts (Table 5).

The neutrophil–lymphocyte ratio showed an AUC 
value of 0.766 and a cutoff point of 3.5 with 63.3% sen-
sitivity and 83.5% specificity (95% CI 0.690–0.842). The 
AUC value of 0.766 indicated a 76.6% chance of correctly 
distinguishing an NSCP from an SCP based on the neu-
trophil–lymphocyte ratio. The platelet–lymphocyte ratio 
showed a cutoff point of 166.1 with 61.7% sensitivity and 
77.8% specificity (95% CI 0.606–0.783). The AUC value 
of 0.695 implied a 69.5% chance of correctly distinguish-
ing an NSCP from an SCP based on platelet–lymphocyte 
ratio (Table 5). The odds ratio for Neu, WBC, NLR, and 
PLR that were < 1 indicated that these parameters were 
significant in patients with increased COVID-19 severity.

Discussion
This was an observational study set to determine the 
significance of hematologic parameters in COVID-19 
severity. The result of our study showed that patients 
with severe illness had abnormalities in their hemato-
logic data, with significantly reduced hemoglobin levels, 
lymphocyte and RBC counts and significant increases 
in WBC, neutrophil, and platelet counts. These findings 
indicated that hemoglobin levels, lymphocyte, WBC, 
RBC, neutrophil, and platelet counts were associated 
with COVID-19 severity. Other studies have reported 
them to be promising markers for predicting COVID-19 

severity (Amgalan and Othman 2020; Fan et  al. 2020; 
Mehta et al. 2020).

NLR and PLR have been reported to be good prognos-
tic tools for COVID-19 severity as well as independent 
factors associated with COVID-19 progression (Yang 
et  al. 2020a, b). This current study also indicated that 
patients with COVID-19, who had an NLR of > 3.50 and 
PLR of > 166.12, were more likely to experience COVID-
19 disease progression and severe clinical outcomes. The 
study by Yang et al. (2020a, b) showed an area under the 
curve for NLR as 0.841 and PLR as 0.784, and our results 
of NLR of 0.766 and PLR of 0.695 concurred that NLR 
and PLR may potentially become good prognostic mark-
ers for determining COVID-19 severity.

COVID-19 disease progression from non-severe to 
severe had been reported to be linked to comorbidities 
such as age, gender, hypertension, diabetes, and chronic 
kidney disease (Sanyaolu et  al. 2020; Honardoost et  al. 
2021). Our study revealed that hypertension and diabetes 
were common comorbidities associated with COVID-19 
severity and mortality. In agreement with our study, Wu 
et al. (2020) and Ge et al. (2021) also reported that these 
comorbidities were associated with severity or mortality 
in individuals with COVID-19.

In this study, though the RBC and Hb levels of the 
SCP were found to be within the reference range, 
they were lower than those of the NSCP. This implied 
that the RBC and Hb levels tended toward the lower 
boundary of the reference range in patients with severe 
COVID-19. Our finding correlated with previous stud-
ies, which reported that patients with severe COVID-
19 disease had significantly lower Hb levels (Guan et al. 
2020; Huang et  al. 2020; Young et  al. 2020; Tao et  al. 
2021). A meta-analysis conducted by Hariyanto and 

Table 3 Hematologic parameters of the study groups at different severity levels of COVID‑19

The P value is provided for comparison between the NSCP and SCP groups

 t-statistic shows the statistical difference between the means of NSCP and SCP

Parameters Reference range NSCP (n = 165)
Mean ± SD

SCP (n = 71)
Mean ± SD

t‑statistic P value
(< 0.05)

Hb (g/dL) 11–16 14.1 ± 2.1 12.8 ± 2.2 4.198 0.000

RBC (x/L) 3.5–5.5 5.1 ± 0.7 4.7 ± 0.9 4.026 0.000

PCV (%) 37–54 40.8 ± 6.1 37.4 ± 6.3 3.854 0.000

MCV (fL) 80–100 79.2 ± 9.2 81.0 ± 8.4 − 1.387 0.167

MCH (pg) 27–34 27.8 ± 2.9 27.5 ± 3.3 0.652 0.515

MCHC (%) 32–36 34.6 ± 1.5 34.6 ± 6.3 0.078 0.938

WBC (x/L) 4–10 6.7 ± 2.7 9.5 ± 4.7 − 5.717 0.000

Neu (%) 50–70 59.5 ± 14.3 71.8 ± 16.3 − 5.779 0.000

MID (%) 3–14 8.1 ± 5.6 6.5 ± 3.2 2.338 0.020

Lym (%) 20–40 34.0 ± 20.1 20.5 ± 13.4 5.167 0.000

PLT (x /L) 100–300 234.9 ± 69.7 258.1 ± 96.1 − 2.085 0.038
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Kurniawan (2020) revealed that some studies (Cai et al. 
2020; Ji et al. 2020; Xu et al. 2020; Zhang et al. 2020a, 
b) defined anemia as Hb levels below 13 g/L. Although 
our study defined anemia as Hb levels of below 11 g/L, 

the mean value of Hb (12.83 ± 2.20) in the SCP aligned 
with the defined levels in these studies.

The frequency of leukocytosis, neutrophilia, and 
thrombocytosis was pronounced among the SCP when 
compared with the NSCP. This frequency shown by leu-
kocytosis and neutrophilia was in tandem with multiple 
studies (Fan et  al. 2020; Amgalan and Othman 2020). 
However, there was a contrast between our report on 
the increase in thrombocytosis with reports by Bao et al. 
(2020), Huang et  al. (2020), and Yang et  al. (2020a, b), 
which showed an association between thrombocytope-
nia and COVID-19 severity instead, citing the probabil-
ity of thrombocytopenia being a marker for COVID-19 
severity.

The NSCP showed significantly lower WBC and neu-
trophil counts than SCP, with a greater percentage of 
patients in the SCP presenting with neutrophilia. An 
increase in blood leukocytes is a marker for the presence 
of infections (Nilsson et al. 2014). Our study also revealed 
that members of the SCP group had higher leukocyte 
counts than the NSCP group, which correlated with a 
study done by Sun et al. (2021).

Studies had shown that although an increase in neu-
trophil counts is a marker for bacterial infection (Song 
et al. 2021; Rosales 2018), COVID-19 was also found to 
be responsible for high neutrophil counts, especially in 
those with severe outcomes (Reusch et  al. 2021). These 
increases in neutrophil counts had been proposed to be 
due to cytokine storm and hyperinflammation (Zini et al. 
2020; Rahman et  al. 2021). It had been reported that 
COVID-19 had serious effects in the reduction in lym-
phocytes, probably due to cytokine-related apoptosis of 
the CD8 + T cells (Chen and Wherry 2020). Lymphocy-
topenia had been shown to be frequent among patients 
with severe COVID-19, with the majority of them hav-
ing their lymphocyte counts decreasing with an increase 
in disease severity. Our study revealed significantly 
lower lymphocyte counts among the SCP compared to 
the NSCP, which was similar to a study by Zhang et  al. 
(2020a, b) and Illg et al. (2021).

Peripheral blood neutrophil-to-lymphocyte ratio 
(NLR) is an indicator of the balance between systemic 
inflammation and adaptive immunity, which plays a vital 
role in the prediction of disease severity in several medi-
cal conditions (Faria et al. 2016). An increase in neutro-
phil–lymphocyte ratio signifies increased severity and 
possibly mortality in an individual (Song et  al. 2021). 
An increase in neutrophil–lymphocyte ratio depicts an 
increase in neutrophil counts with a decrease in lympho-
cyte counts (Palladino 2021). This could be a result of the 
ability of increased neutrophils to elicit immunoregula-
tory granulocytic myeloid-derived suppressor cells from 
the bone marrow, which suppresses lymphocyte counts 

Table 4 Categorization of hematologic abnormalities

SCP (severe patients with COVID-19); NSCP (non-severe patients with COVID-
19); Hb (hemoglobin); RBC (red blood cell); PCV (packed cell volume); MCV 
(mean corpuscular volume); MCH (mean corpuscular hemoglobin); MCHC 
(mean corpuscular hemoglobin concentration); WBC (white blood cell); Neu 
(neutrophils); MID (mid-range absolute); Lym (lymphocytes); PLT (platelet). 
The P value represents a comparison of the SCP and NSCP groups for each 
hematologic parameter, which consisted of patients with low, normal, and 
high values in each group. “Normal” refers to patients with values within the 
parameter reference ranges

NSCP (n = 165) SCP (n = 71)

n % n %

Hb (g/dL)

Anemia (< 11) 9 5.5 13 18.3

Normal (11–16) 126 76.4 56 78.9

Polycythemia (> 16) 30 18.2 2 2.8

P value (< 0.05) < 0.001

RBC (x/L)

Anemia (< 3.5) 3 1.8 8 11.3

Normal (3.5–5.5) 124 75.2 55 77.5

Polycythemia (> 5.5) 38 23.0 8 11.3

P value (< 0.05) < 0.001

PCV (%)

Anemia (< 37) 40 24.2 30 42.3

Normal (37–54) 123 74.5 41 57.7

Polycythemia (> 54) 2 1.2 0 0.0

P value (< 0.05) 0.016

WBC (x/L)

Leukopenia (< 4) 22 13.3 3 4.2

Normal (4–10) 122 73.9 41 57.7

Leukocytosis (> 10) 21 12.7 27 38.0

P value (< 0.05) < 0.001

Neu (%)

Neutropenia (< 50) 45 27.3 9 12.7

Normal (50–70) 81 49.1 16 22.5

Neutrophilia (> 70) 39 23.6 46 64.8

P value (< 0.05) < 0.001

Lym (%)

Lymphocytopenia (< 20) 26 15.8 43 60.6

Normal (20–40) 91 55.2 21 29.6

Lymphocytosis (> 40) 48 29.1 7 4.2

P value (< 0.05) < 0.001

PLT (x/L)

Thrombocytopenia (< 100) 1 0.6 2 2.8

Normal (100–300) 142 86.1 54 76.1

Thrombocytosis (> 300) 22 13.3 15 21.1

P value (< 0.05) 0.109
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and operation (Aarts et al. 2019). A correlation between 
COVID-19 disease severity and increased NLR and PLR 
values had been reported (Palladino 2021). The receiver 
operating characteristics shown for neutrophils, WBC, 
NLR, and PLR indicated that such parameters had good 
predictive performance and could be a reliable diagnostic 
marker for COVID-19 severity.

Men and women had been reported to have significant 
disparities with respect to the prevalence and severity 
for a variety of viral infections. This may be explained 
in part by biological differences in antiviral, inflamma-
tory, and cellular immune responses to viruses (Ueyama 
et  al. 2020). Our study revealed that the SCP consisted 
of more men than women. This was in correlation with 

the fact that respiratory tract infectious diseases were 
more severe in men and, consequently, resulted in a 
greater fatality rate in men (Pijls et  al. 2021). Hence, it 
is important to understand the epidemiology of gender 
differences in susceptibility and vulnerability to a cer-
tain infection outbreak; this would enable an effective 
response to or adequate preparation for the public health 
crisis by reducing the impact of the outbreak on health, 
economic, and social impact (Smith 2019).

Previous studies had reported an association between 
age and disease severity (Du et al. 2020; Cannistraci et al. 
2021). In this current study, the mean age revealed that 
most patients in the SCP group were 50 years and above, 
while male patients above 60 years of age constituted the 

Fig. 1 a, b Receiver operating characteristic (ROC) curve showing the relative diagnostic performances of neutrophils (Neu), white Blood cells 
(WBC), neutrophil–lymphocyte ratio (NLR), and platelet–lymphocyte ratio (PLR). The cutoff points detected for hematologic parameters with good 
performance were Neu 70.9, WBC 6.9, NLR 3.5, and PLR 166.1

Table 5 Receiver operating characteristic analysis of promising markers for severity of COVID‑19

AUC, area under the curve; OR, odds ratio; Neu, neutrophils; WBC, white blood cells; NLR, neutrophil–lymphocyte ratio; PLR, platelet–lymphocyte ratio

Parameters AUC P value OR (95% CI) Cutoff Sensitivity (%) Specificity (%)

Lower bound Upper bound

Neu 0.739 0.000 0.665 0.813 70.9 62.0 80.0

WBC 0.722 0.000 0.648 0.796 6.9 73.2 61.2

NLR 0.766 0.000 0.690 0.842 3.5 63.3 83.5

PLR 0.695 0.000 0.606 0.783 166.1 61.7 77.8



Page 8 of 9Amoo et al. Bulletin of the National Research Centre          (2022) 46:275 

majority of patients with severe symptoms. This finding 
aligned with a study by Cannistraci et  al. (2021) whose 
report from three European countries revealed that males 
who were 60 years and above showed significantly higher 
COVID-19 infection as well as death risk than females.

Malaria had been associated with COVID-19 due to 
the similarity in symptom presentations like severe ane-
mia, head and body ache as well as fever; this had led to 
misdiagnosis, especially in malaria-endemic areas (WHO 
2020). From our study, only about 3% of those who tested 
for malaria had positive results indicating little influence 
of malaria on hematology outcomes in this study. This 
finding was in agreement with the study by Amoo et al. 
2020 who reported no association between COVID-19 
and malaria in an urban setting. This low rate of malaria 
infection in our study could also be a result of the study 
location, being an urban setting with a low prevalence of 
malaria.

Limitations
The limitations of this study included the fact that 
patients’ hematologic data after recovery were not sam-
pled and our sample size was relatively small and was 
carried out in a single institution.

Conclusions
COVID-19 infection affected the levels of hemoglobin, 
RBC, PCV, neutrophils, and lymphocytes, and the dif-
ferences were significant between the SCP and NSCP 
groups. The significant changes in neutrophil and lym-
phocyte counts could assist in the prognosis and man-
agement of COVID-19 severity. Furthermore, NLR and 
PLR may be useful as prognostic tools for severe COVID-
19 infection, as well as provide an objective basis for early 
identification and management in low-resource settings.

Abbreviations
SCP: Severe patients with COVID‑19; NSCP: Non‑severe patients with COVID‑
19; ROC: Receiver operating characteristics; WBC: White blood cells; PCV: 
Packed cell volume; RBC: Red blood cells; MCHC: Mean corpuscular hemo‑
globin concentration; AUC : Area under curve; NLR: Neutrophil–lymphocyte 
ratio; PLT: Platelets; MCV: Mean corpuscular volume; Hb: Hemoglobin.

Acknowledgements
Not applicable.

Author contributions
OSA contributed to conceptualization and manuscript writing, NO contrib‑
uted to conceptualization, TIO contributed to data collection and manuscript 
writing, SUV contributed to sample collection and analysis, OFD contributed 
to conceptualization and data collection, JIO contributed to data collection 
and manuscript writing, ETA contributed to data analysis and manuscript writ‑
ing, JCO contributed to data collection and manuscript writing, ONA contrib‑
uted to sample collection and analysis, ASI contributed to data collection, RAA 
contributed to manuscript proofreading and supervision, RAA contributed to 
manuscript proofreading and supervision, and BLS contributed to supervision. 
All authors read and approved the final manuscript.

Funding
The author(s) received no specific funding for this work.

Availability of data and materials
All data generated or analyzed during this study are included in this published 
article. The raw data are available from the authors upon request.

Declarations

Ethics approval and consent to participate
Ethical approval was obtained from the Nigerian Institute of Medical Research 
Ethical review board (Project No.: IRB/20/069). Written consent was sought 
from participants before testing was carried out.

Consent for publication
Consent was sought before patients’ data were used to carry out this study.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Nigerian Institute of Medical Research, Lagos, Nigeria. 2 Paelon Memorial 
Hospital, Lagos, Nigeria. 

Received: 10 February 2022   Accepted: 14 November 2022

References
Aarts CEM, Hiemstra IH, Tool ATJ, van den Berg TK, Mul E, van Bruggen R, 

Kuijpers TW (2019) Neutrophils as suppressors of T cell proliferation: does 
age matter? Front Immunol 11(10):2144. https:// doi. org/ 10. 3389/ fimmu. 
2019. 02144

Amgalan A, Othman M (2020) Hemostatic laboratory derangements in COVID‑
19 with a focus on platelet count. Platelets 31(6):740–745

Amoo O, Aina O, Okwuraiwe A, Onwuamah C, Shaibu J, Ige F, Owaneze K, 
Agboola H, Kareithi D, Onuigbo T, Ikemefuna A, Oraegbu J, Odewale E, 
Okoli L, Ajibaye O, James A, Idris G, Ohihoin G, Tijani B, Giwa‑Tunbosun T, 
Adegbola R, Salako B, Audu R (2020) COVID‑19 spread patterns is unre‑
lated to malaria co‑infections in Lagos, Nigeria. Adv Infect Dis 10:200–215. 
https:// doi. org/ 10. 4236/ aid. 2020. 105018

Bao C, Tao X, Cui W, Yi B, Pan T, Young KH, Qian W (2020) SARS‑CoV‑2 induced 
thrombocytopenia as an important biomarker significantly correlated 
with abnormal coagulation function, increased intravascular blood clot 
risk and mortality in Patients with COVID‑19. Exp Hematol Oncol 17(9):16. 
https:// doi. org/ 10. 1186/ s40164‑ 020‑ 00172‑4

Cai YQ, Zhang XB, Zeng HQ, Wei XJ, Zhang ZY, Chen LD (2020) Prognostic 
value of neutrophil‑to‑lymphocyte ratio, lactate dehydrogenase, D‑Dimer 
and CT score in patients with COVID‑19. Res Sq. https:// doi. org/ 10. 21203/ 
rs.3. rs‑ 30959/ v1

Cannistraci CV, Valsecchi MG, Capua I (2021) Age‑sex population adjusted 
analysis of disease severity in epidemics as a tool to devise public 
health policies for COVID‑19. Sci Rep 11:11787. https:// doi. org/ 10. 1038/ 
s41598‑ 021‑ 89615‑4

Chen Z, Wherry JE (2020) T cell responses in patients with COVID‑19. Nat Rev 
Immunol 20:529–536. https:// doi. org/ 10. 1038/ s41577‑ 020‑ 0402‑6

Du Y, Tu L, Zhu P, Mu M, Wang R, Yang P, Wang X, Hu C, Ping R, Hu P, Li T (2020) 
Clinical features of 85 fatal cases of COVID‑19 from Wuhan: a retrospec‑
tive observational study. Am J Respir Crit Care Med 201(11):1372–1379

Fan BE, Chong VCL, Chan SSW, Lim GH, Lim KGE, Tan GB, Mucheli SS, Kuperan 
P, Ong KH et al (2020) Hematologic parameters in patients with COVID‑19 
infection. Am J Hematol Marajh. https:// doi. org/ 10. 1002/ ajh. 25774

Faria SS, Fernandes PC Jr, Silva MJ, Lima VC, Fontes W, Freitas‑Junior R, Eterovic 
AK, Forget P (2016) The neutrophil‑to‑lymphocyte ratio: a narrative 
review. Ecancermed Sci 10:702. https:// doi. org/ 10. 3332/ ecanc er. 2016. 702

Ge E, Li Y, Wu S, Candido E, Wei X (2021) Association of pre‑existing comor‑
bidities with mortality and disease severity among 167,500 individuals 

https://doi.org/10.3389/fimmu.2019.02144
https://doi.org/10.3389/fimmu.2019.02144
https://doi.org/10.4236/aid.2020.105018
https://doi.org/10.1186/s40164-020-00172-4
https://doi.org/10.21203/rs.3.rs-30959/v1
https://doi.org/10.21203/rs.3.rs-30959/v1
https://doi.org/10.1038/s41598-021-89615-4
https://doi.org/10.1038/s41598-021-89615-4
https://doi.org/10.1038/s41577-020-0402-6
https://doi.org/10.1002/ajh.25774
https://doi.org/10.3332/ecancer.2016.702


Page 9 of 9Amoo et al. Bulletin of the National Research Centre          (2022) 46:275  

with COVID‑19 in Canada: a population‑based cohort study. PLoS ONE 
16(10):e0258154. https:// doi. org/ 10. 1371/ journ al. pone. 02581 54

Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, Liu L, Shan H, Lei CL, Hui DS (2020) 
Clinical characteristics of coronavirus disease 2019 in China. N Engl J Med 
382(18):1708–1720

Hariyanto TI, Kurniawan A (2020) Anemia is associated with severe coronavirus 
disease 2019 (COVID‑19) infection. Transf Apher Sci 59(6):102926. https:// 
doi. org/ 10. 1016/j. trans ci. 2020. 102926

Honardoost M, Janani L, Aghili R, Emami Z, Khamseh ME (2021) The association 
between presence of comorbidities and COVID‑19 severity: a systematic 
review and meta‑analysis. Cerebrovasc Dis 50(2):132–140. https:// doi. org/ 
10. 1159/ 00051 3288

Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, Zhang L, Fan G, Xu J, Gu X, Cheng Z, 
Yu T, Xia J, Wei Y, Wu W, Xie X, Yin W, Li H, Liu M, Xiao Y, Gao H, Guo L, Xie 
J, Wang G, Jiang R, Gao Z, Jin Q, Wang J, Cao B (2020) Clinical features of 
patients infected with 2019 novel coronavirus in Wuhan, China. The Lancet 
395(10223):497–506

Illg Z, Muller G, Mueller M, Nippert J, Allen B (2021) Analysis of absolute lympho‑
cyte count in patients with COVID‑19. Am J Emerg Med 46:16–19. https:// 
doi. org/ 10. 1016/j. ajem. 2021. 02. 054

Jayawant NM (2010) Receiver operating characteristic curve in diagnostic test 
assessment. J Thorac Oncol. https:// doi. org/ 10. 1097/ JTO. 0b013 e3181 
ec173d

Ji W, Huh K, Kang M, Hong J, Bae GH, Lee R (2020) Effect of underlying comor‑
bidities on the infection and severity of COVID‑19 in Korea: a nationwide 
case‑control study. J Korean Med Sci 35(25):e237. https:// doi. org/ 10. 3346/ 
jkms. 2020. 35. e237

Lillicrap D (2020) Disseminated intravascular coagulation in patients with 2019‑
nCoV pneumonia. J Thromb Haemost 18(4):786

Lippi G, Plebani M, Henry BM (2020) Thrombocytopenia is associated with severe 
coronavirus disease 2019 (COVID‑19) infections: a meta‑analysis. Clin Chim 
Acta 506:145–148. https:// doi. org/ 10. 1016/j. cca. 2020. 03. 022

Mehta P, McAuley DF, Brown M, Sanchez E, Tattersall RS, Manson JJ, HLH Across 
Speciality Collaboration, UK (2020) COVID‑19: consider cytokine storm 
syndromes and immunosuppression. The Lancet 395(10229):1033–1034. 
https:// doi. org/ 10. 1016/ S0140‑ 6736(20) 30628‑0

National Health Commission and National Administration of Traditional Chinese 
Medicine (2020) Diagnosis and treatment protocol for novel coronavirus 
pneumonia (trialversion7). Chin Med J 133:1087–1089

Nilsson G, Hedberg P, Ohrvik J (2014) White blood cell count in elderly is clinically 
useful in predicting long‑term survival. J Aging Res 2014:475093. https:// doi. 
org/ 10. 1155/ 2014/ 475093

Palladino M (2021) Complete blood count alterations in Patients with COVID‑19: 
a narrative review. Biochem Med (zagreb) 31(3):030501. https:// doi. org/ 10. 
11613/ BM. 2021. 030501

Pijls BG, Jolani S, Atherley A, Derckx RT, Dijkstra JIR, Franssen GHL, Hendriks S, 
Richters A, Venemans‑Jellema A, Zalpuri S, Zeegers MP (2021) Demographic 
risk factors for COVID‑19 infection, severity, ICU admission and death: a 
meta‑analysis of 59 studies. BMJ Open 11:e044640. https:// doi. org/ 10. 1136/ 
bmjop en‑ 2020‑ 044640

Prozan L, Shusterman E, Ablin J, Mitelpunkt A, Weiss‑Meilik A, Adler A, Choshen 
G, Kehat O (2021) Prognostic value of neutrophil‑to‑lymphocyte ratio in 
COVID‑19 compared with Influenza and respiratory syncytial virus infection. 
Sci Rep 11:21519. https:// doi. org/ 10. 1038/ s41598‑ 021‑ 00927‑x

Rahman A, Niloofa R, Jayarajah U, De Mel S, Abeysuriya V, Seneviratne SL (2021) 
Hematological abnormalities in COVID‑19: a narrative review. Am J Trop 
Med Hyg 104(4):1188–1201. https:// doi. org/ 10. 4269/ ajtmh. 20‑ 1536

Rosales C (2018) Neutrophil: a cell with many roles in inflammation or several cell 
types? Front Physiol 9:113. https:// doi. org/ 10. 3389/ fphys. 2018. 00113

Salehi‑Abari I, Khazaeli S, Salehi‑Abari F, Salehi‑Abari A (2020) Practical guideline 
for screening the patients with SARS‑CoV‑2 infection and Persian Gulf 
criteria for diagnosis of COVID‑19. Adv Infect Dis 10:67

Sanyaolu A, Okorie C, Marinkovic A, Patidar R, Younis K, Desai P, Hosein Z, Padda 
I, Mangat J, Altaf M (2020) Comorbidity and its impact on patients with 
COVID‑19. SN Compr Clin Med. https:// doi. org/ 10. 1007/ s42399‑ 020‑ 00363‑4

Shang Y, Pan C, Yang X, Zhong M, Shang X, Wu Z, Yu Z, Zhang W, Zhong Q, Zheng 
X, Sang L, Jiang L, Zhang J, Xiong W, Liu J, Chen D (2020) Management of 
critically ill patients with COVID‑19 in ICU: statement from front‑line inten‑
sive care experts in Wuhan, China. Ann Intensive Care 10(1):1–24

Smith J (2019) Overcoming the ‘tyranny of the urgent’: Integrating gender into 
disease outbreak preparedness and response. Gend Dev 27:355–369

Song M, Graubard BI, Rabkin CS, Engels EA (2021) Neutrophil‑to‑lymphocyte ratio 
and mortality in the United States general population. Sci Rep 11(464):1–9

Sukrisman L, Sinto R, Priantono D (2021) Hematologic profiles and correlation 
between absolute lymphocyte count and neutrophil/lymphocyte ratio with 
markers of inflammation of COVID‑19 in an Indonesian National Referral 
Hospital. Int J Gen Med 14:6919–6924. https:// doi. org/ 10. 2147/ IJGM. S3374 
40

Sun Y, Zhou J, Ye K (2021) White blood cells and severe COVID‑19: a Mendelian 
randomization study. J Personal Med 11(3):195. https:// doi. org/ 10. 3390/ 
jpm11 030195

Taj S, Kashif A, Fatima SA, Imran S, Lone A, Ahmed Q (2021) Role of hematological 
parameters in the stratification of COVID‑19 disease severity. Ann Med Surg 
62:68–72

Tang N, Li D, Wang X, Sun Z (2020) Abnormal coagulation parameters are associ‑
ated with poor prognosis in patients with novel coronavirus pneumonia. J 
Thromb Haemost 18(4):844–847

Tao Z, Xu J, Chen W, Yang Z, Xu X, Liu L, Chen R, Xie J, Liu M, Wu J, Wang H (2021) 
Anemia is associated with severe illness in COVID‑19: a retrospective cohort 
study. J Med Virol 93(3):1478–1488

Terpos E, Ntanasis‑Stathopoulos I, Elalamy I, Kastritis E, Sergentanis TN, Politou M, 
Psaltopoulou T, Gerotziafas G, Dimopoulos MA (2020) Hematological find‑
ings and complications of COVID‑19. Am J Hematol 95(7):834–847

Ueyama H, Kuno T, Takagi H, Krishnamoorthy P, Vengrenyuk Y, Sharma SK, Kini AS, 
Lerakis S (2020) Gender difference is associated with severity of coronavirus 
disease 2019 infection: an insight from a meta‑analysis. Crit Care Explor 
2(6):e0148. https:// doi. org/ 10. 1097/ CCE. 00000 00000 000148

World Health Organization (WHO). Malaria Key Facts; 2018. http:// www. who. int/ 
news‑ room/ fact‑ sheets/ detail/ malar ia.

World Health Organization. Clinical management of COVID‑19: interim guidance; 
2020. https:// apps. who. int/ iris/ bitst ream/ handle/ 10665/ 332196/ WHO‑ 
2019‑ nCoV‑ clini cal‑ 2020.5‑ eng.

World Health Organization; 2022. https:// covid 19. who. int/. Accessed 25 Mar 
2022.

Wu J, Huang J, Zhu G, Wang Q, Lv Q, Huang Y, Yu Y, Si X, Yi H, Wang C, Liu Y, Xiao H, 
Zhou Q, Liu X, Yang D, Guan X, Li Y, Peng S, Sung J, Xiao H (2020) Elevation 
of blood glucose level predicts worse outcomes in hospitalized patients 
with COVID‑19: a retrospective cohort study. BMJ Open Diabetes Res Care 
8:e001476. https:// doi. org/ 10. 1136/ bmjdrc‑ 2020‑ 001476

Xu PP, Tian RH, Luo S, Zu ZY, Fan B, Wang XM (2020) Risk factors for adverse clinical 
outcomes with COVID‑19 in China: a multicenter, retrospective, observa‑
tional study. Theranostics 10(14):6372–6383. https:// doi. org/ 10. 7150/ thno. 
46833

Yang AP, Liu JP, Tao WQ, Li HM (2020a) The diagnostic and predictive role of 
NLR, d‑NLR and PLR in patients with COVID‑19. Int Immunopharmacol 
84:e106504.11

Yang X, Yang Q, Wang Y, Wu Y, Xu J, Yu Y, Shang Y (2020b) Thrombocytopenia and 
its association with mortality in patients with COVID‑19. J Thromb Haemost 
18(6):1469–1472. https:// doi. org/ 10. 1111/ jth. 14848

Young B, Ong S, Kalimuddin S, Low J, Tan S, Loh J, Ng O, Marimuthu K, Ang L, Mak 
T (2020) Singapore novel coronavirus outbreak research T. Epidemiologic 
features and clinical course of patients infected with SARS‑CoV‑2 in Singa‑
pore. J Am Med Assoc 323(15):1488–1494

Yu M, Xu D, Lan L, Tu M, Liao R, Cai S, Xu H (2020) Thin‑section chest CT imaging 
of coronavirus disease 2019 pneumonia: comparison between patients 
with mild and severe disease. Radiol Cardiothorac Imaging 2(2):e200126. 
https:// doi. org/ 10. 1148/ ryct. 20202 00126

Zhang J, Wang X, Jia X, Li J, Hu K, Chen G (2020a) Risk factors for disease severity, 
unimprovement, and mortality in Patients with COVID‑19 in Wuhan, China. 
Clin Microbiol Infect 26(6):767–772. https:// doi. org/ 10. 1016/j. cmi. 2020. 04. 
012

Zhang W, Li L, Liu J, Chen L, Zhou F, Jin T, Jiang L, Li X, Yang M, Wang H (2020b) 
The characteristics and predictive role of lymphocyte subsets in patients 
with COVID‑19. Int J Infect Dis 99:92–99

Zini G, Bellesi S, Ramundo F, d’Onofrio G (2020) Morphological anomalies of 
circulating blood cells in COVID‑19. Am J Hematol 95:870–872

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1371/journal.pone.0258154
https://doi.org/10.1016/j.transci.2020.102926
https://doi.org/10.1016/j.transci.2020.102926
https://doi.org/10.1159/000513288
https://doi.org/10.1159/000513288
https://doi.org/10.1016/j.ajem.2021.02.054
https://doi.org/10.1016/j.ajem.2021.02.054
https://doi.org/10.1097/JTO.0b013e3181ec173d
https://doi.org/10.1097/JTO.0b013e3181ec173d
https://doi.org/10.3346/jkms.2020.35.e237
https://doi.org/10.3346/jkms.2020.35.e237
https://doi.org/10.1016/j.cca.2020.03.022
https://doi.org/10.1016/S0140-6736(20)30628-0
https://doi.org/10.1155/2014/475093
https://doi.org/10.1155/2014/475093
https://doi.org/10.11613/BM.2021.030501
https://doi.org/10.11613/BM.2021.030501
https://doi.org/10.1136/bmjopen-2020-044640
https://doi.org/10.1136/bmjopen-2020-044640
https://doi.org/10.1038/s41598-021-00927-x
https://doi.org/10.4269/ajtmh.20-1536
https://doi.org/10.3389/fphys.2018.00113
https://doi.org/10.1007/s42399-020-00363-4
https://doi.org/10.2147/IJGM.S337440
https://doi.org/10.2147/IJGM.S337440
https://doi.org/10.3390/jpm11030195
https://doi.org/10.3390/jpm11030195
https://doi.org/10.1097/CCE.0000000000000148
http://www.who.int/news-room/fact-sheets/detail/malaria
http://www.who.int/news-room/fact-sheets/detail/malaria
https://apps.who.int/iris/bitstream/handle/10665/332196/WHO-2019-nCoV-clinical-2020.5-eng
https://apps.who.int/iris/bitstream/handle/10665/332196/WHO-2019-nCoV-clinical-2020.5-eng
https://covid19.who.int/
https://doi.org/10.1136/bmjdrc-2020-001476
https://doi.org/10.7150/thno.46833
https://doi.org/10.7150/thno.46833
https://doi.org/10.1111/jth.14848
https://doi.org/10.1148/ryct.2020200126
https://doi.org/10.1016/j.cmi.2020.04.012
https://doi.org/10.1016/j.cmi.2020.04.012

	Significance of hematologic abnormalities in COVID-19 severity among infected patients in Lagos, Nigeria
	Abstract 
	Background: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study design

	Results
	Social and demographic characteristics of study participants
	Hematologic abnormalities in patients with COVID-19
	Diagnostic performance evaluation of target parameters

	Discussion
	Limitations
	Conclusions
	Acknowledgements
	References


