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Background: Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) is coronavirus isolated from SARS patients. As far as 
the researchers’ knowledge, there was paucity of studies conducted in Ethiopia, particularly in the study area. As immune protection is 
arisen from our blood cells, assessing their level will provide a clue for controlling the disease and monitoring the prognosis. This 
study will also provide additional information for clinical intervention and patient management.
Purpose: This study aimed to investigate the hematological profile and clinical outcome of coronavirus disease-19 (COVID-19) 
among patients admitted to the Debre Markos Isolation and Treatment Center (DMITC).
Material and Methods: A prospective cohort study was conducted among 136 COVID-19 adult patients at DMITC from January 1, 
2020 to March 30, 2021. Data related to clinical, hematological profiles and socio-demographic factors were collected, entered into Epi 
data, and analyzed using STATA 14.2 software. Multivariable logistic regression was applied to determine the predictor variable and 
a p-value <0.05 was considered significant.
Results: Of 136 COVID-19 patients, 28.68% had died. The mean age of patients was 47.21±1.29 years. The hematological profile of 
the patients revealed that 28% had abnormal leukocyte, 23% abnormal lymphocyte, 44.85% abnormal granulocyte, 22.06% abnormal 
monocyte, 30.15% abnormal RBC and 87% abnormal platelet counts. The prevalence of anemia was 13.24%.
Conclusion: Leukocytosis (mainly granulocytosis and monocytosis) and lymphopenia, were the predominant abnormal findings of 
complete blood cell count (CBC) analysis of the patient’s blood. Most of the patients had abnormally low platelet counts. RBC count 
and hematocrit determination were the only significant predictors of death. The clinician could manage cases according to the 
hematological findings of the patients. Further experimental studies should be conducted to determine hematological parameter 
changes and the clinical outcome of the disease.
Keywords: leukocytosis, hematological profile, COVID-19, clinical outcome, Debre Markos

Introduction
Background
The novel coronavirus was isolated from pneumonia cases in Wuhan city, China, 2019.1 The disease caused by the novel 
coronavirus is called Coronavirus disease of 2019 (COVID-19), given by WHO2 and the virus causing the disease called 
Severe acute respiratory syndrome coronaviruses-2 (SARS-CoV-2), given by the Coronavirus Study Group of the 
International Committee on Taxonomy of Viruses. SARS-CoV-2 is classified under the family Coronaviridae, genus 
Betacoronavirus, subgenus Sarbecovirus.3 A study4 suggested that the human receptor for SARS-COV-2 could be 
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angiotensin-converting enzyme 2 (ACE2), similar to other SARS-CoV viruses’portal of entry into human cells are 
through ACE2.5 The 5’-terminal two-thirds of the genome encodes a polyprotein (non-structural proteins) that are 
involved in genome transcription and replication whereas the 3’ end encodes structural proteins, including envelope 
glycoproteins spike (S), envelope (E), membrane (M) and nucleocapsid (N).6 The rate of its transmission is higher than 
SRAS-CoV and the reason could be the occurrence of genetic recombination at S protein in the RBD region of SARS- 
CoV-2.7 The human-to-human spreading of the virus occurs due to close contact with an infected person, exposure to 
coughing, sneezing, respiratory droplets, or aerosols. These aerosols can penetrate the human body (lungs) via inhalation 
through the nose or mouth.8–10

The exact pathogenesis of SARS-CoV-2 infection in humans is poorly understood. However, some studies stated that 
the pathogenesis is related to dysregulation of inflammatory mediators and presence of different strain of the virus.11 

Most patients have mild symptoms and good prognosis after infection, but some patients developed severe and die from 
multiple organ complications.12 The virus can affect the respiratory system, gastrointestinal system, renal system, 
circulatory system. The pathological changes in these organs may be caused directly by the cytopathic effect mediated 
by local replication of the SARS-CoV-2; or indirectly as a result of systemic responses to respiratory failure or the 
harmful immune response induced by viral infection.13

There is no specific antiviral drug, but there are vaccines against the virus which are approved to alter the immune 
function that helps the patient to recover from illness.12

The complications of COVID-19 are pulmonary embolism, venous thromboembolism, and arterial thrombotic 
events.14 Patients with COVID-19 infection can also present with acute encephalopathy and changes in their level of 
consciousness.15 Complications were more common in patients with cardiac injury, acute respiratory distress syndrome 
(SARS), acute kidney injury, electrolyte disturbances, hypoproteinemia and coagulation disorders.16

Studies had found increased white blood cell and neutrophil counts17 but decreased lymphocyte counts. In addition, 
there was decreased T cells (both regulatory and helper cells) and NK cells.11

However, as far as the researchers’ knowledge, there were few studies done in Ethiopia. As a result, we investigated 
the hematological profile and clinical outcome of COVID-19 among patients admitted at in Debre Markos Isolation and 
treatment center (DMITC). This study will provide the hematological profile and clinical outcome of COVID-19 patients 
which will be important to clinicians for management of patients.

Materials and Methods
Study Design, Area and Period
A prospective cohort study was conducted among COVID-19 patients at DMITC from January 1, 2020 to March 30, 
2021. DMITC was established at the end of April 2020 in the new Campus of Health Science in Debre Markos town. 
Debre Markos town, the capital city of East Gojjam zone, is found 299km from Addis Ababa and 264 km from 
Bahir Dar.

Population
COVID-19 confirmed adult patients admitted to the treatment center during the study period at DMITC site were the 
study population.

Sample Size Determination and Sampling Technique
In Ethiopia, there were few studies conducted on hematological profile and clinical outcome of COVID-19 patients. As 
a result, the sample size was determined using single population proportion formula but not calculated for associated 
factors. It was calculated using the assumption of 50% clinical outcomes, 95% confidence level, and a 5% margin of 
error. The sample size was determined using 50% proportion clinical outcome (death/recovery=0.5) 95% confidence 
level (Za/2) =1.96 and margin of error 0.05. The total sample size calculated was 384, but the number of COVID-19 
confirmed cases in the last 3 months in the COVID 19 treatment center were 180, which is less than 10,000 and needs 
population correction formula.
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As a result, the corrected sample size is

About 10% of non- response rate was added to the calculated sample size (123) and giving 136, that is 123+ (123/ 
10) =136.

Systematic random sampling technique was used to obtain 136 study participants. The k value was determined by 
135/180=0.75 ͠, 1. Therefore, we recruited study participants in every other order of registration sequence.

Data Collection Tools and Procedures
Data were collected from COVID-19 positive patients using a predesigned structured questionnaire. The researchers 
trained five data collectors; two general practitioners, two nurses, and two laboratory technologists on the aim and 
objectives of the research, blood sample collection and processing procedures, and infection prevention mechanism to 
prevent COVID-19 infection at DMITC. The trained data collectors explained the aim of the study to patients or their 
clinician in order to obtain consents and samples. Socio-demographic variables and COVID-19 related clinical data were 
collected by trained health professionals working in DMITC. Data were filled on questionnaire and kept confident, and 
the consistency of data filled was rechecked every day.

Measurement of Variables
Hematological profile and clinical outcome of COVID-19 patients were determined using independent factors; socio- 
demographic variables (age, sex, residence, etc) and factors related to change in hematological profile of COVID-19.

Hematological Profile
About 3mL of blood samples were collected from COVID-19 patients during admission and discharge. These samples 
were analyzed by Mindray BC-3000 Plus CBC hematology analyzer (MINDRAY, China) for complete blood cell count 
(CBC) determinations and altitude values have been adjusted using WHO guidelines for red cell count and hemoglobin 
measurements. Mean value of each measurement of the parameter for a patient was used. Mean absolute counts of white 
blood cells, granulocytes, lymphocytes, and Monocytes were used to categorize abnormal cell counts as “low” and 
“high”. We used CBC reference range of Debre Markos Comprehensive and Specialized Hospital to categorize the cell 
count as normal and abnormal.

Data Management, Analysis and Interpretation
Data were entered into the Epi-Data version 4.2 software and analyzed with STATA 14.2 software. Data cleaning was 
carried out to check the frequency, accuracy, consistency and missed values; any identified errors were corrected. 
Frequencies and proportion were used to describe the socio-demographic characteristics of the patients. Bivariate logistic 
regression was done using independent variables in order to identify candidate variables (p-value <0.25) for the 
multivariable logistic regression. Multivariate logistic regression model was made and predictors of abnormal hemato-
logical profiles were determined among the selected candidate variables fitted to multivariable logistic regression model. 
The statistical significance was determined in the multivariate analysis at a confidence interval of 95% at a p-value <0.05.

Results
Socio-Demographic Characteristics
A total of 136 study participants were involved in the study. From these participants, 85 (62.5%) were males and 51 
(31.5%) females. The mean age of the patients was about 47 ± 1.29 (SD) years.

Majority (30.88%) of the patients were in the age range 40–49 years followed by 60 years and above. The least 
number of patients were found in the age range ≤19 years. Most of them (85.29%) had no history of smoking but 97.04% 
drank alcohol. From the total patients, nearly one-fourth of them (27.94%) used traditional medicine for the treatment of 
COVID-19 disease (Table 1).
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Clinical Profile and Outcome of COVID-19 Patients
Of 136 COVID-19 patients, most (97.79%) of them had symptomatic clinical manifestation. From the clinical manifesta-
tions, joint pain (95.59%), cough (94.12%), headache and vomiting (93.38%), loss of appetite (93.38%), respiratory 
distress syndrome (73.53%) and fever (68.38%) were the predominant symptoms, respectively. The mean respiratory 
rate, temperature, pulse rate, systolic blood pressure, diastolic blood pressure, and oxygen saturation of the patients was 
28.87±0.56, 37.33±0.1104.8±1.86, 109.98±1.73, 68.04±0.74, 89.75±0.35 respectively (Table 2).

There were different comorbidities identified with COVID-19. Of the COVID-19 patients, 20.59% had hypertension, 
12.50% diabetes mellitus, 2.94% HIV, 1.47% malignancy, 8.09% asthma, 11.03% chronic obstructive pulmonary disease 
(COPD), 2.94% chronic kidney disease CKD, 5.88% chronic liver disease (CLD), 30.88% congestive heart failure (CHF) 
and 55.88% other comorbidities (Table 3).

The outcome status of COVID-19 positive patients during discharge revealed that 39 patients (28.68%) had died and 
97 (71.32%) recovered from the disease. From the total deaths, 69.23% were males. More males (59.79%) had recovered 
from the disease than females (40.21%) (Table 4).

There were 58 mild, 47 severe and 31 critical cases of COVID-19 during their admission. From the mild case only 
one patient died, but 12 severe cases and 26 critical cases passed away. The case fatality rate (83.87%) was higher in 
critical patients (Figure 1).

Hematological Profile of COVID-19 Patients
The total white blood cells and differential counts of 136 COVID-19 patients were performed, and majority of them 
(72%) had normal white blood cell counts and 28% had abnormal leukocyte counts (5.88% low WBC count versus 
22.06% high WBC counts). Among COVID-19 patients of low WBC counts, two died and six (75%) recovered. 
Similarly, 27.55% patients who had normal WBC count died and 72.45% recovered. However, one-third (33.33%) of 
the patients who had high WBC count died and 66.67% recovered.

The lymphocyte counts of the study participants indicated that 16.91% low, 77.21% normal and 5.88% high counts, 
respectively. The prevalence of abnormal lymphocyte counts (low and high cell counts) was about 23%. Patients with 
30.43% of low and 12.5% of high lymphocyte counts died. However, patients with 69.57% of low, 70.48% of normal and 
87.5% high lymphocyte counts had recovered from the disease.

Table 1 Socio-Demographic Characteristics of COVID-19 
Patients, 2020

Variables Category N (%)

Sex Male 85 (62.50)

Female 51 (37.50)

Age Mean (± SD age) 47.21±1.29
≤19 2 (1.47)

20–29 25 (18.38)

30–39 11 (8.09)
40–49 42 (30.88)

50–59 25 (18.38)
≥60 31 (22.79)

History of smoking Yes 20 (14.71)

No 116 (85.29)
Alcohol Yes 132 (97.06)

No 4 (2.94)

Traditional medicine use Yes 38 (27.94)
No 98 (72.06)

Abbreviations: SD, standard deviation; N, number; %, percent.
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The granulocyte counts of COVID-19 patients were 17.65% low, 55.15% normal and 27.21% high. From patients 
who had abnormal granulocyte counts (low and high counts), 16.67% of low and 35.14% of high counts died. Most of 
the patients who had low (83.33%), normal (70.67%) and high (64.86%) granulocyte counts were recovered.

The monocyte count of the patients indicated that only three patients had low cell counts. One of the three died and 
two of them recovered. About 55% of the patients had normal monocyte count; 28.30% of them had died and 71.7% had 
recovered. Of the total monocyte counts performed, 27.21% of the patients had high cell counts. From patients who had 
high counts, 29.63% died and 70.37% recovered.

The result of red blood cell (RBC) count of the study participants revealed that 11.76% had low and 18.38% high cell 
counts. And, 43.75% of the patients of low RBC counts and 16% of the high RBC counts died, whereas 56.25% of low 
and 84% of the high RBC counts recovered.

The platelet count abnormality was seen in nearly 87% (95% CI; 81–92.53) of the patients. From this abnormality, 
64.71% had low and 22.06% high platelet counts. Among patients who had low platelet count, 31.82% died and 68.18% 
recovered. In contrast, patients with high platelet count, 20% died and most of them (80%) had recovered (Table 5).

The overall prevalence of anemia was 13.24%. The prevalence was the same in both sexes that is 6.62% (Figure 2).
The multivariable logistic regression result of hematological profile between death and recovery indicated that only red cell 

count (RBC) and hematocrit (Hct) were statistically significant predictors of death due to SARS-COV-2 (P<0.05) (Table 6).

Discussion
The pandemic coronavirus has tremendous social, economic, environmental and health related negative impacts on 
different countries.18–20 Studies have shown that the disease severity is associated with hematological abnormalities like 

Table 2 Clinical Profile of COVID-19 Patients Admitted at 
DMU COVID-19 Treatment Center, 2020

Variables Category N (%)

Asymptomatic presentation Yes 3 (2.21)

No 133 (97.79)

Fever Yes 93 (68.38)
No 43 (31.62)

Cough Yes 128 (94.12)

No 8 (5.88)
Respiratory distress Yes 100 (73.53)

No 36 (26.47)
Headache and vomiting Yes 127 (93. 38)

No 9 (6.62)

Joint pain Yes 130 (95.59)
No 6 (4.41)

Loss of appetite Yes 127 (93.38)

No 9 (6.62)
Other symptoms Yes 113 (83.09)

No 23 (16.91)

Mean SD
Mean respiratory rate 28.87 0.56

Mean temperature 37.33 0.1

Mean pulse rate 104.80 1.86
Mean SBP 109.98 1.73

Mean DBP 68.04 0.74

Mean oxygen saturation 89.75 0.35

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; SD, 
standard deviation; N, number; %, percent.
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anemia, leukocytosis, neutrophilia, and combined neutrophilia-lymphopenia.21–24 However, few studies show the exact 
hematological abnormality predictor related to disease severity or clinical outcome.

The mean age (47.21+2.9) of the patients was in line with the study done in India (49±17.4).25

The current study had shown that most of the patients (97.79%) had symptomatic clinical manifestation. This finding 
is higher than a study done in Wuhan, China, which was 60%.26 The higher finding might be related to increased severity 
of SARS-COV-2 or reduced immunity of the population.

Of the manifestations: joint pain, cough, headache, vomiting, loss of appetite, respiratory distress syndrome, and fever 
were the common symptoms. The mean oxygen saturation level (89.75%) of the patients was lower than the National 
Institute of Health recommended reference range (92–96%) for both inpatient and outpatient COVID-19-positive 
patients.27 The clinical outcome of the patients revealed that 28.68% of the patients died and majority of the deaths 
were males. On the contrary, the number of male patients recovered from the disease were higher than female 
patients. There were different comorbidities identified with COVID-19. The common comorbidities were hypertension, 

Table 4 Clinical Outcome Status of COVID-19 Positive Patients 
During Discharge

Status Outcome During Discharge

Sex Death, N (%) Recovery, N (%) Total, N (%)

Male 27 (69.23) 58 (59.79) 85 (62.5)

Female 12 (30.77) 39 (40.21) 51 (37.5)
Total 39 (100.00) 97 (100.00) 136 (100.00)

Abbreviations: N, number; %, percent.

Table 3 Comorbidities of COVID-19 Patients Admitted 
at DMU COVID-19 Treatment Center, 2020

Comorbidities Category N (%)

Hypertension Yes 28 (20.59)

No 108 (79.41)

Diabetes mellitus Yes 17 (12.50)
No 119 (87.50)

HIV Yes 4 (2.94)

No 132 (97.06)
Malignancy Yes 2 (1.47)

No 134 (98.53)
Asthma Yes 11 (8.09)

No 125 (91.91)

COPD Yes 15 (11.03)
No 121 (88.97)

CKD Yes 4 (2.94)

No 132 (97.06)
CLD Yes 8 (5.88)

No 128 (94.12)

CHF Yes 42 (30.88)
No 94 (69.12)

Other comorbidity Yes 76 (55.88)

No 60 (44.12)

Abbreviations: HIV, human immunodeficiency virus; COPD, chronic 
obstructive pulmonary disease; CKD, chronic kidney disease; CLD, chronic 
liver disease; CHF, congestive heart failure; N, number; %, percent.
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diabetes mellitus, HIV, malignancy, asthma, chronic obstructive pulmonary disease (COPD), chronic kidney disease 
CKD, chronic liver disease (CLD), and congestive heart failure (CHF). These comorbidities increased the death rate of 
patients in the study area.

The hematological profile of patients indicated that 28% of COVID-19 patients had abnormal WBC count; 5.88% 
leukopenia and 22.06% leukocytosis which is in line with a study done in Wuhan, China, indicated that 9% leukopenia 

Figure 1 Severity of COVID-19 among patients admitted at DMU COVID-19 treatment center, 2020.

Table 5 Cell Count Abnormality of COVID-19 Patients Admitted at DMU COVID Treatment 
Center 2020

Cell Count Parameters Category Death (39) Recovered (97) Total

Frequency (%) Frequency (%) Frequency (%)

WBC Low 2 (25.00) 6 (75.00) 8 (5.88)
Normal 27 (27.55) 71 (72.45) 98 (72.06)

High 10 (33.33) 20 (66.67) 30 (22.06)

Lymphocyte Low 7 (30.43) 16 (69.57) 23 (16.91)
Normal 31 (29.52) 74 (70.48) 105 (77.21)

High 1 (12.50) 7 (87.50) 8 (5.88)

Granulocyte Low 4 (16.67) 20 (83.33) 24 (17.65)
Normal 22 (29.33) 53 (70.67) 75 (55.15)

High 13 (35.14) 24 (64.86) 37 (27.21)

MID Low 1 (33.33) 2 (66.67) 3 (2.21)
Normal 30 (28.30) 76 (71.70) 106 (77.94)

High 8 (29.63) 19 (70.37) 27 (19.85)

RBC Low 7 (43.75) 9 (56.25) 16 (11.76)
Normal 28 (29.47) 67 (70.53) 95 (69.85)

High 4 (16.00) 21 (84.00) 25 (18.38)

Platelet Low 28 (31.82) 60 (68.18) 88 (64.71)
Normal 5 (27.78) 13 (72.22) 18 (13.24)

High 6 (20.00) 24 (80.00) 30 (22.06)

Total 100%

Note: *The categorization of CBC results as low, normal and high was done based on the standard operating procedure of 
DMCSH Laboratory. 
Abbreviations: WBC, white blood cell; RBC, red blood cell; MID, middle sized white cell.
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and 24% leukocytosis.26 However, leukocytosis in the current study is higher than 17.32%, but leukopenia is lower than 
14.71% in Wuhan.25 The lymphocyte count of the patients revealed that 16.9% of the patients had lymphopenia which is 
lower than 25.2% in China,28 but lymphocytosis was seen in only 5.88% of the patients. The current finding of 
lymphopenia was lower than 35% in Wuhan, China.26 Lymphopenia is a common feature in viral disease, which has 
been related to the cytopathic effect due to the affinity of the virus for angiotensin-converting enzyme inhibitors of 
lymphocytes.29 The other possible explanation associated with lymphopenia is increased inflammatory response which 
leads to increased granulocyte production but lymphocyte apoptosis.30 Nearly, one-third of lymphopenia patients died but 
only 12.5% of the patients with lymphocytosis died. This finding is related with the review done by Huang et al 2020 
which stated that patients who had lymphopenia had poor outcome.31

Abnormal platelet count was detected nearly among 87% of the study participants in the present study which is in 
line with a systematic review study done by Bhattacharjee et al (84.5%).32 Nearly two-third of the platelet count 

Figure 2 Prevalence of anemia among COVID-19 patients admitted at DMU COVID treatment center 2020.

Table 6 Multivariable Logistic Regression of Hematological Profile of COVID-19 Patients, 2020

Discharge Status CBC Beta (Coefficient) SE P (Z)-value 95% CI

Death WBC −0.62 0.70 0.38 (−1.99, 0.75)

Lymphocyte 0.57 0.52 0.27 (−1.58, 0.45)

Granulocyte 0.91 0.58 0.11 (−0.22, 2.04)
Monocyte 0.26 0.56 0.64 (−0.83, 1.35)

RBC −1.4 0.51 0.006* (−241, −0.40)

Platelet −0.08 0.31 0.8 (−0.68, 0.53)
MCV −0.45 0.36 0.21 (−1.16, 0.26)

MCH 0.30 0.26 0.26 (−0.22, 0.81)
MCHC 0.12 0.27 0.67 (−0.41, 0.64)

Hct −1.93 0.86 0.02* (−3.61, −0.26)

Hgb 0.5 0.56 0.36 (−0.59, 1.59)
RDW CV 0.31 0.3 0.3 (−0.28, 0.90)

Recovered (base outcome) 1

Abbreviations: MCV, mean cell volume; MCH, mean cell hemoglobin; MCHC, mean cell hemoglobin concentration; Hct, hematocrit; 
Hgb, hemoglobin.
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abnormalities (64.71%) were thrombocytopenia which is higher than studies done in Wuhan, China (20.7%) and by 
Lippi et al (55%).33 The possible mechanism of thrombocytopenia in COVID-19 infected patients might be related to 
direct effect of the virus on the bone marrow cells or platelets by reducing platelet synthesis, creating dysfunctional 
marrow microenvironment; liver damage by the virus leading to decreased thrombopoietin production; pulmonary 
endothelial damage followed by platelet aggregation in the lungs, subsequent formation of microthrombi, and platelet 
consumption; and finally, the destruction of platelets by cross reacting antibodies.32 A study had shown that thrombo-
cytopenia increased the risk of COVID-19 severity over five folds.33,34 The prevalence of anemia in the current study 
(13.24%+2.92) was lower than 24.7% in Austria and 25.6% and 61% in Italy, respectively.35–37 According to the WHO 
classification, the type of anemia detected among patients was mild anemia.38 The difference might be related to the 
difference in the study population, the immunity of patients and severity of the disease or other underlying clinical 
conditions. The increased prevalence of anemia among COVID-19 patients are associated with SARS-CoV-2 infection 
which may lead to hemolytic anemia directly through cytopathic injury of red cells or indirectly through formation of 
auto-antibodies.39

Conclusion
A concrete study has shown that COVID-19 has three critical clinical phases; phase I (initial phase), phase II 
(propagating phase) and phase III (complicating phase).40 The study indicated that the hematological changes are 
categorized under propagating phase (Phase II).s.

The majority of the cases were recovered from COVID-19. The hematological finding of COVID-19 patients 
indicated that nearly one-third of the patients had abnormal WBCs, and RBC counts. Moreover, most of the patients 
had abnormally low platelet cell counts. Of the white cell count abnormalities, leukocytosis, lymphocytopenia, granu-
locytosis, and monocytosis were the common findings. Mild anemia was observed among patients. RBC count and 
hematocrit level were the only significant predictors of death (P<0.05). The case fatality rate was higher in critical cases 
than in any other stages of severity of the disease.

The clinician could manage cases according to the hematological findings of the patients. Further large-scale 
experimental studies should be conducted to determine hematological parameter changes and associated factors. The 
main limitation of this study is that we could not perform coagulation tests like PT, aPTT, INR and D-dimer as well as 
inflammatory markers due to lack of reagents and equipment during the study period in the study setting.
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