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Background: Coronavirus disease 2019 (COVID-19) is a systemic infection with cardio
vascular, pulmonary, gastrointestinal, neurological, and hematological manifestations. 
Abnormal hematological findings are thought to have a role in early risk stratification and 
prognostication of COVID-19 patients. However, the data on hematological abnormalities 
associated with the disease among Ethiopian COVID-19 patients are limited.
Objective: To determine the magnitude of hematological abnormalities among COVID-19 
patients admitted at Millennium COVID-19 referral treatment center, Addis Ababa, Ethiopia.
Methods: A prospective cross-sectional study was conducted among COVID-19 patients 
admitted to Millennium COVID-19 referral treatment center from May to July, 2020. A total 
of 334 COVID-19 patients were included using convenience sampling. Socio-demographic 
data and disease severity status of admitted patients were recorded. Three milliliters of 
venous blood was collected and analyzed by Beckman Coulter DXH-600 automated analyzer 
to determine complete blood count (CBC). The data were entered and analyzed using SPSS 
version 23 software. Association of age, sex, and disease severity with hematological 
abnormalities was analyzed using binary logistic regression. An odds ratio and 95% con
fidence interval were used to measure the strength of association. P-value <0.05 was 
considered as statistically significant.
Results: Of 334 admitted COVID-19 patients, the majority were males (62.3%) and 69.8% 
had moderate disease conditions. The overall magnitude of any cytopenia and pancytopenia 
was 41% and 1.8%, respectively. The magnitude of anemia, thrombocytopenia, and leuko
penia was 24.9%, 21.6%, and 5.4%, respectively. Lymphopenia (72.2%) was the most 
common hematological abnormality. COVID-19 patients with severe and critical disease 
were more likely to develop anemia, leukocytosis, neutrophilia, and combined neutrophilia- 
lymphopenia than those with moderate disease condition, with a significant association.
Conclusion: Lymphopenia was the most common hematological abnormality observed among 
COVID-19 patients. Hematological abnormalities such as anemia, leukocytosis, neutrophilia, 
and combined neutrophilia-lymphopenia were significantly associated with disease severity. 
Monitoring and evaluation of hematological parameters could provide prognostic insight into 
the management and risk stratification of COVID-19 patients. However, further studies are 
required to fully understand the utility of hematological parameters for the prognosis of 
COVID-19 disease.
Keywords: hematological parameters, COVID-19, disease severity

Introduction
COVID-19 is caused by novel severe acute respiratory syndrome corona virus 
(SARS-CoV-2) which first appeared in December 2019 in Wuhan, China and 
quickly transformed into a global pandemic through symptomatic and asymptomatic 
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person-to-person transmission mainly through respiratory 
droplets.1 The initial presentation of the disease 
ranged from mild non-specific symptoms of acute respiratory 
syndrome (mainly fever, cough, and myalgia) to severe acute 
respiratory distress and in some case leading to death.2–4 

However, many aspects of the disease (transmission, infec
tion, and treatment) are unclear and still under investigation.

The COVID-19 pandemic has heavily affected the 
global population. As of January, 27, 2021, there have 
been 100,933,425 confirmed cases and 2,169,732 deaths 
globally and 3,493,809 confirmed cases and 87,087 deaths 
in Africa. Similarly, 134,569 confirmed cases and 2075 
deaths were reported from Ethiopia in December 1, 
2020.5,6

COVID-19 is a systemic infection with cardiovascular, 
pulmonary, gastrointestinal, neurological, and hematological 
manifestations.7,8 The virus also infects lymphocytes as they 
express angiotensin-converting enzyme 2 (ACE2) on their 
surface, and lymphopenia was the most prominent hemato
logical abnormality.9,10 According to the Centers for Disease 
Control and Prevention guidance, leukopenia (9–25%), leu
kocytosis (24–30%), and lymphopenia (63%) were among 
the most common laboratory abnormalities reported in hos
pitalized COVID-19 patients with pneumonia.11 Similarly, 
a large sample size study in China by Guan et al showed that 
83.2%, 36.2%, and 33.7% of COVID-19 patients had lym
phopenia, thrombocytopenia, and leukopenia, respectively.12 

These abnormalities are more eminent among severe than 
non-severe patients. Lymphopenia, neutrophilia, and high 
neutrophil-to-lymphocyte ratio are mainly associated with 
risk for developing acute respiratory distress syndrome 
(ARDS) and thus, need for ICU (intensive care unit) 
care.10,12–14 Similarly, other studies also indicated that lym
phopenia, thrombocytopenia, leukocytosis, and neutrophilia 
were associated with disease progression and severity, ICU 
admission, and death.13,14

Early identification and timely treatment of COVID-19 
patients at higher risk of developing critical disease are 
pivotal to prevent unfavorable clinical outcomes.8 

However, nowadays, gold standard real time polymerase 
chain reaction (RT-PCR) test for detection of COVID-19 
in nasal and throat swabs has its own limitations, espe
cially in resource-limited settings like Ethiopia. Limited 
testing capacity, high false-negativity, the need for quali
fied personnel, high cost, and delays in obtaining 
results make it difficult for mass screening in a situation 
where the virus is rapidly spreading.15 Thus, abnormal 
hematological values in patients with COVID-19 may aid 

in earlier risk stratification and prognostication of these 
patients, ultimately leading to earlier interventions and 
ideally more favorable outcomes.

Therefore, monitoring of hematological parameters 
such as absolute lymphocyte and neutrophile count, 
platelet count, and total white blood cell (WBC) count 
obtained from routine and widely available CBC test 
may serve as a prognostic marker in the management 
and early identification of high-risk patients requiring 
intensive care.

Methodology
Study Design and Settings
A cross-sectional study was conducted from May to July, 
2020 at Millennium COVID-19 referral treatment center, 
Addis Ababa, Ethiopia to determine the magnitude of 
hematological abnormalities among admitted COVID-19 
patients. The center serves as a COVID-19 referral treat
ment center with more than 1000 beds.

Convenience sampling technique was used to select 
334 patients who tested positive for COVID-19 by RT- 
PCR and who were admitted at the center. Patients who 
had been previously diagnosed with chronic disease such 
as kidney failure, heart and liver disease as well as those 
who underwent immunosuppressive therapy such as che
motherapy and/radiation for at least two months were 
excluded due to the fact that these conditions would affect 
hematological parameters.

Data Collection Method and Procedures
Socio-demographic data and disease severity status of 
admitted patients were collected by reviewing medical 
records.

Three milliliters of venous blood was collected in an 
EDTA vacutainer tube from each patient by experienced 
laboratory professionals working at the center. Beckman 
Coulter DXH-600 automated hematology analyzer 
was used to determine complete blood count (total WBC 
count, absolute and relative count of each WBC type, 
RBC, and platelet count).

Quality of test results was maintained by running com
mercially prepared three level quality control (low, nor
mal, and high) reagents before running the patient’s 
sample. During laboratory analysis, standard operational 
procedures (SOP) were strictly followed; integrity of 
samples and reagents was regularly checked.
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Operational Definitions
According to WHO clinical management of COVID-19 
interim guidance of May 27, 2020, patients were categor
ized into three groups to assess disease severity.16

Moderate
Symptomatic patient meeting case definition for COVID 
without evidence of viral pneumonia or hypoxia and/or 
adolescent or adult with clinical sign of pneumonia (fever, 
cough, dyspnea, fast breathing) but no severe pneumonia 
including SPo2≥90% on room air.

Severe
Adolescent or adult with clinical sign of pneumonia (fever, 
cough, dyspnea, fast breathing) plus one of the following: 
respiratory rate >30 breath/min, severe respiratory distress; 
or SPo2<90% on room air.

Critical
Acute respiratory distress syndrome (ARDS) within one 
week of known clinical insult or new or worsening respira
tory symptoms, chest imaging indicating bilateral opacities 
not fully explained by volume overload, labor or lung col
lapse, respiratory failure not fully explained by cardiac fail
ure or fluid overload, oxygenation impairment in adult and 
children, acute life-threatening organ dysfunction, evidence 
of septic shock with characteristics of persistent hypotension 
despite volume resuscitation in adults and children.

The cut-off value for normal and abnormal hematological 
parameters was determined by considering WHO criteria for 
defining anemia and based on immunohematological refer
ence range for adult Ethiopians for the rest of the parameters. 
Accordingly, anemia was defined as hemoglobin (Hgb) value 
<13g/dl for males aged >15 years and Hgb<12g/dl for non- 
pregnant women aged >15 years.17 In addition, leukopenia 
was define as total WBC count < 3.6x109/L whereas throm
bocytopenia was platelet count <150,000/µL.18 Cytopenia 
was defined as the presence of either anemia or leukopenia 
or thrombocytopenia, whereas bi-cytopenia was characterized 
as the presence of two forms of cytopenia. On the other hand, 
pancytopenia was defined as the presence of anemia, throm
bocytopenia, and leukopenia in combination.19

Statistical Analysis
The data were entered and analyzed using Statistical 
Package for Social Science (SPSS) version 23. Binary logis
tic regression model was used to determine the association 
between hematological abnormality and independent vari
ables. Odds ratio (OR) and 95% confidence interval (CI) 

were used to measure the strength of association. P-value 
<0.05 was considered as statistically significant.

Ethical Consideration
This study was approved by the department of Research 
and Ethics Review Committee (DRERC) of Addis Ababa 
University, College of Health Sciences, department of 
Medical Laboratory Science. Permission to conduct the 
study was obtained from Millennium COVID-19 referral 
treatment center. Written informed consent was obtained 
from each participant and confidentiality of the data was 
maintained throughout the study.

Results
Socio-Demographic Characteristics of 
Study Participants
In this study, a total of 334 admitted COVID-19 patients 
were included and the majority of the patients were male 
(62.3%). Relatively, most of the patients (38%) were in the 
age group of ≥56. Regarding disease severity, 69.8% of 
patients had moderate disease while 12.3% were in 
a critical condition (Table 1).

Magnitude of Hematological 
Abnormalities
In the study, the overall magnitude of any cytopenia and 
pancytopenia was 41% and 1.8%, respectively. Regarding 
cytopenia, anemia (24.9%) and thrombocytopenia (21.6%) 
were relatively more common. Regarding anemia severity, 

Table 1 Characteristics of Admitted COVID-19 Patients in 
Millennium COVID-19 Referral Treatment Center, Addis 
Ababa, Ethiopia (n=334)

Variable Frequency (n) Percentage (%)

Sex

Male 203 62.3
Female 126 37.7

Age group (yrs.)

18–35 88 26.3

36–55 119 35.6
≥56 127 38

Mean age (±SD) 49.4 (17.2)

Disease Severity

Moderate 233 69.8
Severe 60 18

Critical 41 12.3
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12.57% and 1.2% of patients had mild and severe anemia, 
respectively. On the other hand, 29.6% of patients had 
leukocytosis and half of patients had neutrophilia. The 
most common hematological abnormality among 
COVID-19 patients was lymphopenia (72.2%) (Table 2).

The magnitude of any cytopenia was relatively higher 
in critical (46.3%) (P=0.44) and severe (43.3%) (P=0.6) 
than in moderate (39.5%) COVID-19 patients. On the 
other hand, the magnitude of pancytopenia was similar in 

moderate (2.1%) and critical (2.5%) (P=0.85) patients 
(Table 3).

The magnitude of anemia was relatively higher among 
males (26.4%) and in the age group of 18–35 years (28.4%). 
On the other hand, the odds of developing anemia was 2.35 
times higher in patients with severe than moderate disease 
condition with a significant association (P=0.007). Patients in 
critical disease conditions were two times more likely to 
develop anemia than moderate patients but with a marginal 
association (P=0.06) (Table 4).

The magnitude of lymphopenia was highest in the age 
group of ≥ 56 years (78.7%) with no statistical significance 
(P=0.25). The magnitude was also almost similar among 
critical (75.6%), severe (65.0%), and moderate (73.4%) 
COVID-19 patients with no significant association with 
disease severity (Table 5).

The findings of this study showed that thrombocytope
nia was more frequent among females (24.6%) (P=0.28) 
and younger (18–35years) (23.9%) COVID-19 patients. 
However, thrombocytopenia did not show a significant 
difference among gender and age groups (P˃0.05). In 
contrary to previous reports, this study also showed more 
thrombocytopenic cases among moderate COVID-19 
cases than severe and critical cases despite a lack of 
statistically significance difference among these groups 
(P˃0.05) (Table 6).

The overall magnitude of leukopenia among COVID- 
19 patients was low (5.4%) (Table 2). The current finding 
also showed that only 7.3% of moderate and 2.4% of 
critical patients had leukopenia, with no statistical associa
tion (P=0.39) (Table 7).

Table 2 The Magnitude of Hematological Abnormalities Among 
COVID-19 Patients in Millennium COVID-19 Referral Treatment 
Center, Addis Ababa, Ethiopia (n=334)

Hematological Abnormalities Frequency (%)

Any cytopenia 137 (41)

Anemia 83 (24.9)
Leukopenia 18 (5.4)

Thrombocytopenia 72 (21.6)

Leukocytosis 99 (29.6)

Neutrophilia 167 (50)
Lymphopenia 241 (72.2)

Lymphopenia-Neutrophilia 29 (8.7)

Pancytopenia 6 (1.8)

Bi-cytopenia

Leukopenia and thrombocytopenia 16 (4.8)
Leukopenia and anemia 7 (2.1)

Anemia and thrombocytopenia 22 (6.6)

Anemia severity

Mild 42 (12.57)

Moderate 37 (11.1)
Severe 4 (1.2)

Table 3 The Association of Any Cytopenia and Pancytopenia with Disease Severity, Age, and Sex Among COVID-19 Patients in 
Millennium COVID-19 Referral Treatment Center, Addis Ababa, Ethiopia (n=334)

Variables Any Cytopenia Pancytopenia

No, n (%) Yes, n (%) OR (95 CI) P-value No, n (%) Yes, n (%) OR (95% CI) P-value

Age group (yrs.)

18–35 45 (51.1) 43 (48.9) 1 86 (97.7) 2 (2.3) 1
36–55 81 (68.1) 38 (31.9) 0.49 (0.28–0.86) 0.014 117 (98.3) 2 (1.7) 0.8 (0.1–5.6) 0.78

≥56 71 (55.9) 56 (44.1) 0.81 (0.46–1.41) 0.45 125 (98.4) 2 (1.6) 0.65 (0.1–5.0) 0.57

Sex

Female 74 (58.7) 52 (41.3) 1.0 (0.63–1.58) 0.99 123 (97.6) 3 (2.4) 1.6 (0.32–8.5) 0.56

Male 123 (59.1) 85 (40.9) 1 205 (98.6) 3 (1.4) 1

Severity

Moderate 141 (60.5) 92 (39.5) 1 228 (97.9) 5 (2.1) 1
Severe 34 (56.7) 26 (43.3) 1.17 (0.65–2.09) 0.6 60 (100) 0 0 0.997

Critical 22 (53.7) 19 (46.3) 1.3 (0.66–2.59) 0.44 40 (97.6) 1 (2.4) 1.2 (0.1–11) 0.85
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Table 4 The Association of Anemia with Disease Severity, Age, and Sex Among COVID-19 Patients in Millennium COVID-19 Referral 
Treatment Center, Addis Ababa, Ethiopia (n=334)

Variables Anemia

No, n (%) Yes, n (%) OR (95% CI) P-value

Age-groups (yrs.)
18–35 63 (71.6) 25 (28.4) 1

36–55 96 (80.7) 23 (19.3) 0.59 (0.31–1.15) 0.12

≥56 92 (72.4) 35 (27.6) 0.92 (0.49–1.74) 0.80

Sex

Female 98 (77.8) 28 (22.2) 0.77 (0.45–1.31) 0.34
Male 153 (73.6) 55 (26.4) 1

Severity
Moderate 186 (79.8) 47 (20.2) 1

Severe 38 (63.3) 22 (36.7) 2.35 (1.26–4.37) 0.007

Critical 27 (65.9) 14 (34.1) 2.0 (0.96–4.19) 0.063

Table 5 The Association of Lymphopenia with Disease Severity, Age, and Sex Among COVID-19 Patients in Millennium COVID-19 
Referral Treatment Center, Addis Ababa, Ethiopia (n=334)

Variables Lymphopenia

No, n (%) Yes, n (%) OR (95% CI) P-value

Age-groups (yrs.)
18–35 26 (29.5) 62 (70.5)

36–55 40 (33.6) 79 (66.4) 0.8 (0.44–1.5) 0.47

≥56 27 (21.3) 100 (78.7) 1.5 (0.77–2.76) 0.25

Sex

Female 42 (33.3) 84 (66.7) 0.7 (0.41–1.1) 0.11
Male 51 (24.5) 157 (75.5) 1

Severity

Moderate 62 (26.6) 171 (73.4) 1

Severe 21 (35.0) 39 (65.0) 0.7 (0.38–1.3) 0.26
Critical 10 (24.2) 31 (75.6) 1.0 (0.46–2.2) 0.98

Table 6 The Association of Thrombocytopenia with Disease Severity, Age, and Sex Among COVID-19 Patients in Millennium COVID- 
19 Referral Treatment Center, Addis Ababa, Ethiopia. (n=334)

Variables Thrombocytopenia

No, n (%) Yes, n (%) OR (95% CI) P-value

Age groups (yrs.)
18–35 67 (76.1) 21 (23.9) 1

36–55 96 (80.7) 23 (19.3) 0.76 (0.4–1.5) 0.43

≥56 99 (78) 28 (22) 0.87 (0.45–1.7) 0.68

Sex

Female 95 (75.4) 31 (24.6) 1.3 (0.79–2.3) 0.28
Male 167 (80.3) 41 (19.7) 1

Severity
Moderate 182 (76.8) 55 (23.2) 1

Severe and critical 88 (83.8) 17 (16.2) 0.64 (0.35–1.16) 0.144
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In the binary logistic regression analysis of combined 
lymphopenia-neutrophilia with disease severity, COVID- 
19 patients with severe and critical disease had 4.1- and 
3.3-times increased odds of having combined lymphope
nia-neutrophilia, respectively, than moderate patients with 
a significant association (P<0.005) (Table 8).

In another regression analysis of leukocytosis with 
age-group and disease severity, patients in the age- 
group of ≥56 years had 2.3 times increased odds of 
developing leukocytosis with a significant association 
(P=0.011). On the other hand, patients with severe and 
critical health conditions had 2.6 and 2.4 times, respec
tively, increased risk of developing leukocytosis 
(P<0.05) (Table 9).

The study from current finding also showed that indi
viduals in the age group of ≥56 years had a 2.5 times 
increased risk of developing neutrophilia (P=0.002). The 
result also indicated that females were less likely to 
develop neutrophilia (P=0.007). In addition, the study 
revealed that patients with severe and critical disease had 
a 2.7- and 3.3-times increased risk of having neutrophilia, 
respectively (P<0.005) (Table 10).

Discussion
This study aimed to determine the magnitude of hemato
logical abnormalities among COVID-19 patients. Despite 
increasing efforts to control or reduce the transmission of 
the virus, it is transmitting at an alarming rate. Provided 

Table 7 The Association of Leukopenia with Disease Severity, Age, and Sex Among COVID-19 Patients in Millennium COVID-19 
Referral Treatment Center, Addis Ababa, Ethiopia (n=334)

Variables Leukopenia

No, n (%) Yes, n (%) OR (95% CI) P-value

Age groups (yrs.)
18–35 79 (89.8) 9 (10.2) 1

36–55 113 (95) 6 (5) 0.5 (0.16–1.47) 0.2

≥56 124 (97.6) 3 (2.4) 0.23 (0.06–0.89) 0.03

Sex

Female 116 (92.1) 10 (7.2) 2 (0.72–5.2) 0.19
Male 200 (96.2) 8 (3.8) 1

Severity
Moderate 216 (92.7) 17 (7.3) 1

Severe 60 (100) 0 0 0.99

Critical 40 (97.6) 1 (2.4) 0.4 (0.05–3.24) 0.39

Table 8 Association of Combined Lymphopenia-Neutrophilia with Disease Severity, Age, and Sex Among COVID-19 Patients in 
Millennium COVID-19 Referral Treatment Center, Addis Ababa, Ethiopia (n=334)

Variables Lymphopenia-Neutrophilia

No, n (%) Yes, n (%) OR (95% CI) P-value

Age-groups (yrs.)
18–35 80 (90.9) 8 (9.1) 1

36–55 108 (90.8) 11 (9.2) 1.03 (0.39–2.76) 0.94

≥56 117 (92.1) 10 (7.9) 0.82 (0.3–2.3) 0.71

Sex

Female 116 (92.1) 10 (7.9) 0.8 (0.36–1.8) 0.61
Male 189 (90.9) 19 (9.1) 1

Severity

Moderate 221 (94.8) 12 (5.2) 1

Severe 49 (81.7) 11 (18.3) 4.1 (1.7–9.9) 0.002
Critical 35 (85.4) 6 (14.6) 3.3 (1.1–9.7) 0.027
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that the virus has high infectivity, early diagnosis and 
management of the disease is vital. Along with molecular 
tests such as RT-PCR, investigation of the change in 
hematological parameters obtained from easily accessible 
and inexpensive routine CBC is essential for early diag
nosis and risk stratification of patients.

In this study, the overall magnitude of any cytopenia 
and pancytopenia among COVID-19 patients was 41% 
and 18%, respectively. At admission, the majority of 
patients had lymphopenia (72.2%), whereas 50% had 
neutrophilia, 29.6% presented with leukocytosis, while 
24.9% and 21.6% of patients had anemia and thrombo
cytopenia, respectively. On the other hand, only 5.4% of 
patients had leukopenia. The Center for Disease Control 

in the United States and Huang et al in Wuhan, China 
identified lymphopenia as the most common hematolo
gical abnormality among COVID-19 patients, with 
lower magnitude compared to the current study 
(63%).11,20 Similarly, a relatively lower magnitude of 
lymphopenia (42%) was reported among younger 
COVID-19 patients with mild to moderate disease 
condition.21 On the other hand, a relatively higher mag
nitude of lymphopenia was observed among hospitalized 
COVID-19 patients in Singapore, 83%22 and in China, 
83.2%.12 However, other studies from China reported 
70.3%23 and 72.3%24 of lymphopenia which is similar 
to our study. Age and clinical condition of patients 
could be determinant factors for the magnitude of 

Table 9 Association of Leukocytosis with Disease Severity, Age, and Sex Among COVID-19 Patients in Millennium COVID-19 
Treatment Center, Addis Ababa, Ethiopia (n=334)

Variables Leukocytosis

No, n (%) Yes, n (%) OR (95% CI) P-value

Age-groups (yrs.)
18–35 69 (78.4) 19 (21.6) 1

36–55 89 (74.8) 30 (25.2) 1.2 (0.6–2.4) 0.5

≥56 77 (60.6) 50 (39.4) 2.3 (1.2–4.4) 0.011

Sex

Female 93 (73.8) 33 (26.2) 0.77 (0.5–1.3) 0.31
Male 142 (68.3) 66 (31.7) 1

Severity
Moderate 178 (76.4) 55 (23.6) 1

Severe 35 (58.3) 25 (41.7) 2.6 (1.4–4.8) 0.002

Critical 22 (53.7) 19 (46.3) 2.4 (1.2–4.8) 0.015

Table 10 Association of Neutrophilia with Disease Severity, Age, and Sex Among COVID-19 Patients in Millennium COVID-19 
Referral Treatment Center, Addis Ababa, Ethiopia

Variables Neutrophilia

No, n (%) Yes, n (%) OR (95% CI) P-value

Age-groups (yrs.)
18–35 55 (62.5) 23 (37.5) 1

36–55 63 (52.9) 56 (47.1) 1.5 (0.82–2.6) 0.2

≥56 49 (38.6) 78 (61.4) 2.5 (1.4–4.5) 0.002

Sex

Female 75 (59.5) 51 (40.5) 0.5 (0.3–0.84) 0.007
Male 92 (44.2) 116 (55.8) 1

Severity

Moderate 134 (57.5) 99 (42.5) 1

Severe 22 (36.7) 38 (63.3) 2.7 (1.5–4.9) 0.001
Critical 11 (26.8) 30 (73.2) 3.3 (1.5–7.0) 0.02
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lymphopenia and its progression among COVID-19 
patients.25

Several studies identified lymphopenia as a reliable 
marker of disease progression and severity with magnitude 
higher in dead and/or ICU patients than non-severe or 
“survivor” patients.12,20,22,23,25 Other studies by Fan et al22 

in Singapore, and Arentz et al26 in the USA, 
Washington among critically ill patients also revealed the 
positive correlation of27 lymphopenia with disease fatality. 
It has also been indicated as an important prognostic tool 
among COVID-19 patients.8

Li et al27 compared hematological parameters on 
admission between alive and dead COVID-19 patients. 
Their finding indicated lower median lymphocyte and 
higher median neutrophile count among non-survivors 
than “survivor” patients. However, these parameters were 
not associated with an increased risk of death. In line with 
this, the higher magnitude of lymphopenia in our study 
was not considered as predictor of disease severity. This 
might be due to a comparable magnitude of lymphopenia 
among moderate (73.4%), severe (65%), and critical 
(75.6%) COVID-19 patients.

Yang et al also indicated an insignificant difference in 
lymphopenia between non-severe and severe patients.28 

Provided that lymphopenia is not specific for COVID-19 
and also acommon finding in the elderly, the predictive 
capacity of lymphopenia will be improved if it is com
bined with other parameters such as neutrophilia and high 
neutrophil-to-lymphocyte ratio.13 In this regard, our study 
demonstrated that severe and critical COVID-19 patients 
had 4.1- and 3.3-fold increased odds of developing com
bined neutrophilia-lymphopenia respectively, than moder
ate patients, with a significant association (P<0.05).

In most studies, neutrophilia was a common finding in 
severe patients. A study in Singapore among 138 hospita
lized patients showed that neutrophilia was significantly 
higher in patients requiring admission to ICU (11.6×109/L 
vs 3.5×109/L).22 Similarly, our study also showed that 
neutrophilia was more prominent in severe (OR=2.7, 
95% CI=1.5–4.9, P=0.001) and critical (OR=3.3, 95% 
CI=1.5–7.0, P=0.02) than moderate patients. Similar to 
our study, Qin et al29 and Gong et al30 reported signifi
cantly higher neutrophil count in severe than non-severe 
patients (P<0.001), and it was also shown among non- 
survivors compared to survivors in a study by Li et al.27 

Another study by Zhang et al among 82 dead COVID-19 
patients also revealed that 74.3% of them had neutrophilia 
on admission and this increased to 100% in 24 hours 

before death.31 The presence of neutrophilia could be 
related to cytokine storm that characterizes COVID-19 
disease. However, careful interpretation is required as neu
trophilia could be due to bacterial co-infections and treat
ment used for the disease.

The overall magnitude of anemia in our study was 
24.9%, which is similar to a retrospective study by 
Bellmann-Weiler et al of 24.7%,32 while it was lower 
compared to Tao et al,33 who reported 35.5%. This study 
also reported that severe patients had a significantly asso
ciated increased risk of developing anemia (OR=2.35,95% 
CI=1.26–4.37, P=0.007) than moderate patients, while cri
tical patients had 2 times increased risk of developing 
anemia with a marginal association (P=0.063). Similarly, 
Bellmann-Weiler et al also revealed a significant associa
tion between anemia and increased risk of in-hospital 
mortality (OR=3.73, 95% CI=1.74–78). Tao et al also 
indicated an increased risk of developing severe disease 
condition in anemic than non-anemic group. In contrast to 
our finding, Cai et al34 observed no significant association 
between hemoglobin levels and disease severity. However, 
careful interpretation is required as low hemoglobin could 
be attributed to underlying comorbidities, age, and other 
factors.

With regard to leukocytosis, both severe (OR=2.6, 
95% CI=1.4–4.8, P=0.002) and critical (OR=2.4, 95% 
CI=1.2–4.8, P=0.015) patients were significantly asso
ciated with leukocytosis. Similarly, a multicenter retro
spective study in China revealed that leukocytosis on 
admission of COVID-19 patients was associated with 
increased risk of death in hospital.35 Zhou et al36 also 
showed that non-survivors were significantly associated 
with having leukocytosis compared to survivors 
(P<0.001).

Even though there is a difference among studies in 
predictive capacities of hematological parameters for 
COVID-19 patients, the need to consider these parameters 
for early identification of high-risk patients requiring 
intensive care is rapidly growing.

With regard to the correlation of hematological 
abnormalities with age and sex, the overall magnitude of 
hematological abnormalities such as anemia, thrombocy
topenia, lymphopenia, and combined neutrophilia- 
lymphopenia was comparable among the age groups as 
well as between males and females. However, COVID-19 
patients in the age group of ≥ 56 years had 2.3- and 
2.5-times increased odds of having leukocytosis 
(P=0.011) and neutrophilia (P=0.002), respectively. 
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Similarly, a study by Liang et al37 reported a significantly 
higher neutrophil count among ≥50 years old COVID-19 
patients than among younger (<50 years) ones. However, 
contrary to our finding, the total lymphocyte and platelet 
count was significantly lower in older (≥50 years) than 
younger patients. On the other hand, according to the 
present finding, COVID-19 female patients had signifi
cantly lower odds of having neutrophilia than male 
patients. It has been indicated that the total leukocyte and 
neutrophil count increase progressively in males until the 
age of 55 years.38

As a limitation, coagulation profiles such as D-dimer 
were not assessed. Besides, acomparative study between 
survivors and non-survivors would be more reliable to 
demonstrate the impact of COVID-19 on hematological 
parameters.

Conclusion
Lymphopenia is the most common hematological abnormality 
observed in COVID-19 patients. Hematological abnormalities 
such as anemia, combined neutrophilia-lymphopenia, leuko
cytosis, and neutrophilia are significantly associated with dis
ease severity. Monitoring and evaluation of hematological 
parameters could provide prognostic insight into management 
and risk stratification of COVID-19 patients. However, further 
studies are required to realize the role of hematological para
meters for the prognosis of COVID-19 disease.
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