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Abstract 

The haemocytometric changes and possible interplay with duration of hospital stay, gender and age in Nigerians with COVID-

19 were determined in this study. Routine haemocytometry was evaluated using a standard method and thereafter, neutrophil-

lymphocyte ratio (NLR); a marker of inflammation was calculated. Neutrophil percentage, total white blood cell (WBC) count 

and NLR were significantly higher while lymphocyte percentage was significantly lower in patients with COVID-19 compared 

with the controls. In females with COVID-19, neutrophil percentage was significantly higher compared with the males. 

Considering length of hospital stay, monocyte percentage was significantly higher in patients who spent more than 10 days on 

admission compared with those with 10 or fewer days of admission. At discharge, the proportion of patients with monocyte 

percentage above the reference range was significantly lower compared with baseline. Also, monocyte percentage in COVID-

19 patients had significant positive correlation with days on admission. Alteration in haemocytometry worsens with increasing 

age as percentages of monocyte and neutrophil, NLR and WBC count were significantly higher while the lymphocyte percentage 

was significantly lower in patients aged 40 years and above compared with younger patients. Also, age had significant positive 

correlation with percentages of monocyte and neutrophil, NLR and WBC count but a significant negative correlation with 

lymphocyte percentage. Haemocytometric changes and inflammation in COVID-19 patients increase with age. Also, monocyte 

count could be an indicator of longer hospital stay and its reduction might be an indicator of recovery from the disease. 
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*INTRODUCTION 

 

Coronavirus disease 2019 (COVID-19) is not just a respiratory 

disease but a systemic disease affecting multiple systems 

including the cardiovascular, neurological, haematopoietic 

and immune system among others (Bangash et al., 2020; 

Driggin et al., 2020; Mehta et al., 2020). The haematopoietic 

system performs myriads of vital functions including 
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haemostasis and body defence. Regrettably, its functions are 

significantly impacted upon infection with severe acute 

respiratory syndrome coronavirus 2 (SARS-CoV-2) (Terpos et 

al., 2020; Debuc and Smadja, 2021) thereby, playing an 

essential role in defining the course of infection.  

Inclusion of abnormalities in haemocytometry in several 

diagnostic criteria for SARS-CoV-2 infection underscores its 

importance (Khartabil et al., 2020). The Chinese authorities 
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included normal or decreased white blood cell counts and 

decreased lymphocyte counts in their diagnostic criteria 

(National Health Commission, 2020). Similarly, the United 

States Centre for Disease Control and Prevention stressed that 

leukopenia (9 – 25%), leukocytosis (24 – 30%), and 

lymphopenia (63%) are among the most common laboratory 

abnormalities in COVID-19 (Centers for Disease Control and 

Prevention, 2020). Furthermore, the Australia and New 

Zealand Guidelines identified lymphopenia and neutrophilia 

as prognostic markers for severe cases of COVID-19 

(Weinkove and McQuilten, 2020). 

Blood cell analysis is one of the most widely performed 

haematological and immunological tests in the clinic. In the 

current novel coronavirus pandemic, it is therefore not 

surprising that inexpensive and rapid laboratory tests such as 

immune cell analysis is pivotal in predicting the disease course 

with a view to facilitating quick interventions that might 

reduce patients’ mortality. Reports have shown that 

inexpensive markers derivable from haemocytometry profile 

play important roles in everyday clinical practice as they can 

aid in the risk stratification and prognosis of several diseases 

(Tamhane et al., 2008; Lattanzi et al., 2021). 

Several reports have shown that there were changes in the 

peripheral blood immune cells following SARS-CoV-2 

infection and such changes have the potential to provide clues 

or guidance for the diagnosis, treatment, and prognosis of 

COVID-19. The Diagnosis and Treatment Guidelines of 

China (National Health Commission, 2020) showed that the 

total number of peripheral white blood cells is normal or 

decreased while the lymphocyte count is reduced in patients at 

the early stage of COVID-19. Tan et al. (2020) also reported 

that lymphocyte percentage was inversely related to the 

severity and prognosis of COVID-19 patients, and may be 

used to predict the severity and prognosis of patients with 

COVID-19.  

COVID-19 cases can be stratified based on the clinical 

manifestations of the patient’s disease into mild, moderate, 

severe and critical with each having peculiar cellular 

haemocytometric profile. The report of the World Health 

Organization (WHO) showed that about 80% of infected 

people have mild to moderate infections (including those with 

or without pneumonia), 13.8% with severe infection, and 6.1% 

with critical illness (National Health Council, 2020). 

Although there is an avalanche of reports on haemocytometric 

changes in COVID-19 infection at different stages of the 

disease (Lu and Wang, 2020; Sun et al., 2020), the roles of 

these changes in indicating disease progression and outcome 

is still poorly understood especially in Nigerian patients with 

COVID-19. In addition, the contribution of haemocytometric 

changes to gender differences in COVID-19 severity is not 

explored in this environment; these thus serve as the basis for 

this study. 

 

 

MATERIALS AND METHODS 

 

Study Design 

This was a case-control study. 

Study site 

The Infectious Diseases Centre, Olodo, Oyo State, Nigeria. 

Study Population: A total of 209 participants were enrolled 

into this study. They comprised 167 patients with COVID-19 

(not in severe or critical stage) and 42 age and gender matched 

apparently healthy participants who served as controls. The 

COVID-19 cases were confirmed positive while the controls 

were certified negative using real-time reverse-transcriptase 

polymerase-chain reaction (RT-PCR) assay to test nasal and 

pharyngeal swab specimens following WHO guideline (World 

Health Organization, 2020). The COVID-19 group was further 

categorized into groups based on gender and duration of 

hospitalization. 

 

Sample collection: Ten millilitre (10 ml) of venous blood was 

obtained from the SARS-CoV-2 infected patients at point of 

admission and at discharge but at enrolment only in controls. 

The blood samples were dispensed into lithium heparin 

containing sample bottles. 

 

Exclusion criteria: Participants with haematological diseases 

or those with recent history of blood transfusion were 

excluded from the study. Also, all the participants had no HIV 

or pulmonary TB infections and had no history of chronic 

diseases including diabetes mellitus, hypertension and cancer.  

 

Ethical consideration: Before commencement, the study was 

approved by the University of Ibadan/University College 

Hospital (UI/UCH) Joint Ethics Review Committee 

(UI/EC/20/0233). Also, informed consent was obtained from 

the study participants. 

 

Laboratory analyses: An automated haemocytometer 

(URIT: 5160E-01262, China) was used to estimate the total 

white blood cell (WBC) count and percentages of 

lymphocytes, neutrophils, eosinophils and monocytes. 

Thereafter, Neutrophil-Lymphocyte Ratio (NLR) was 

calculated as the ratio of neutrophil percentage to lymphocyte 

percentage. 

 

Statistical Analysis: Statistical analysis was carried out using 

SPSS statistical software version 21 for windows. Differences 

in the mean of variables were determined using the 

independent and paired Student’s t-test as appropriate. Chi-

square test or Fischer’s exact test, as appropriate, were used to 

determine the association between categorical variables. Also, 

correlation between the variables was determined using the 

Pearson correlation. P-values less than 0.05 were considered 

as statistically significant. Results were presented as Mean ± 

Standard deviation or in proportion as appropriate. 

 

RESULTS 

 

As shown in Table 1, there was significantly higher percentage 

of neutrophils and significantly lower percentage of 

lymphocytes in patients with COVID-19 compared with the 

controls. In addition, patients with COVID-19 had 

significantly higher NLR and WBC count compared with the 

controls. Considering the gender of the participants with 

COVID-19, only the neutrophil percentage was significantly 

higher in females compared with the males. However, the 

percentages of lymphocyte, monocyte and eosinophil were 

slightly lower in females compared with the males (Table 2). 

 

Table 1: 

Haemocytometric parameters in patients with COVID-19 on 

admission 
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White blood cell 

profile 

COVID-19 (n = 

167) 

Controls (n = 

42) 

ρ-value 

WBC (x109/L) 5.55±1.79 4.45±1.97 0.007* 

Lymphocyte 

(%) 

45.73±12.60 51.54±11.92 0.018* 

Lymphocyte 

(x109/L) 

2.43 ± 0.73 2.18 ± 0.84  

Monocyte (%) 8.17±3.29 9.24±3.76 0.154 

Monocyte 

(x109/L) 

0.45 ± 0.20 0.39 ± 0.22  

Neutrophil (%) 42.65±13.00 34.89±13.65 0.008* 

Neutrophil 

(x109/L) 

2.49 ± 1.55 1.69 ± 1.14  

Eosinophil (%) 3.52 ± 2.92 3.04 ± 2.36 0.446 

Eosinophil 

(x109/L) 

0.19 ± 0.16 0.15 ± 0.12  

NLR 1.14 ± 0.91 0.77 ± 0.49 0.024* 

*Significant at P<0.05, WBC = White blood cell, NLR = Neutrophil 

lymphocyte ratio 

 

Table 2: 

Haemocytometric parameters in males and females with 

COVID-19 

White blood cell 

profile 

Male (n = 83) Female (n = 

46) 

ρ-value 

WBC (x109/L) 5.42 ± 2.04 5.74 ± 1.66 0.364 

Lymphocyte (%) 47.09 ± 

13.61 

43.84 ± 12.91 0.189 

Lymphocyte 

(x109/L) 

2.43 ± 0.79 2.43 ± 0.78  

Monocyte (%) 8.72 ± 3.95 7.76 ± 2.49 0.138 

Monocyte (x109/L) 0.46 ± 0.23 0.44 ± 0.18  

Neutrophil (%) 40.47 ± 

13.58 

45.38 ± 13.09 0.049* 

Neutrophil 

(x109/L) 

2.35 ± 1.79 2.71 ± 1.32  

Eosinophil (%) 3.77 ± 3.27 2.79 ± 1.72 0.061 

Eosinophil 

(x109/L) 

0.20 ± 0.16 0.15 ± 0.10  

NLR 1.11 ± 1.08 1.25 ± 0.80 0.460 

*Significant at P<0.05, WBC = White blood cell, NLR = Neutrophil 

lymphocyte ratio 

 

Comparing the haematological routine parameters in patients 

with COVID-19 on admission and at discharge, there was 

slight reduction in the percentage of lymphocyte and 

monocyte while NLR and the percentages of neutrophil and 

eosinophil were slightly elevated at discharge compared with 

baseline. The mean WBC count was significantly elevated at 

discharge compared with baseline (Table 3). 

 

Changes in the haematology profile with number of days on 

admission are shown in Table 4. It was observed that 

monocyte percentage was significantly higher while the 

percentage of lymphocyte was lower in patients who spent 

more than 10 days on admission compared with those with 10 

or less days of admission. All other parameters were not 

significantly different between the 2 groups (Table 4). 

Similarly, the proportion of patients with monocyte 

percentage above the reference range at discharge was 

significantly lower compared with the baseline (Table 5). 

Furthermore, the percentage of monocyte in COVID-19 

patients had significant positive correlation with days on 

admission (Table 6).  

 

Table 3: 
Haemocytometric parameters in COVID-19 patients at baseline and 

at discharge 

White blood cell 

profile 

Baseline (n 

= 33) 

Discharge (n = 

33) 

ρ-value 

WBC (x109/L) 5.19 ± 1.79 6.17 ± 2.29 0.001* 

Lymphocyte (%) 49.27 ± 

14.92 

45.55 ± 12.62 0.126 

Lymphocyte 

(x109/L) 

2.45 ± 0.90 2.76 ± 1.24  

Monocyte (%) 8.78 ± 3.10 7.76 ± 1.91 0.066 

Monocyte (x109/L) 0.44 ± 0.20 0.46 ± 0.15  

Neutrophil (%) 38.29 ± 

14.61 

41.72 ± 12.13 0.093 

Neutrophil 

(x109/L) 

2.11 ± 1.36 2.67 ± 1.63  

Eosinophil (%) 3.58 ± 3.18 3.65 ± 2.67 0.852 

Eosinophil 

(x109/L) 

0.18 ± 0.15 0.21 ± 0.15  

NLR 1.03 ± 1.04 1.13 ± 0.90 0.540 

*Significant at P<0.05, WBC = White blood cell, NLR = Neutrophil 

lymphocyte ratio 

 

 

Table 4: 

Changes in haemocytometric parameters with number of days 

on admission 

White blood 

cell profile 

DOA ≤ 10 days 

(n = 55) 

DOA >10 days (n 

= 40) 

ρ-

value 

WBC (x109/L) 5.46 ± 2.85 5.50 ± 1.44 0.913 

Lymphocyte 

(%) 

50.53 ± 12.29 45.80 ± 12.14 0.066 

Lymphocyte 

(x109/L) 

2.67 ± 0.82 2.45 ± 0.69  

Monocyte (%) 7.49 ± 2.35 9.11 ± 4.30 0.021* 

Monocyte 

(x109/L) 

0.41 ± 0.19 0.49 ± 0.23  

Neutrophil 

(%) 

38.69 ± 12.09 40.99 ± 12.71 0.371 

Neutrophil 

(x109/L) 

2.23 ± 1.43 2.33 ± 1.20  

Eosinophil 

(%) 

3.60 ± 2.83 3.98 ± 3.27 0.546 

Eosinophil 

(x109/L) 

0.19 ± 0.16 0.21 ± 0.18  

NLR 0.89 ± 0.57 1.10 ± 0.94 0.186 

*Significant at P<0.05, DOA = Days on admission, WBC = White 

blood cell, NLR = Neutrophil lymphocyte ratio 

 

 

Table 6: 

Correlation between the haemocytometric parameters and 

number of days on admission 

Correlating pair r-value ρ-value 

DOA   

WBC (x109/L) -0.052 0.616 

Lymphocyte (%) -0.124 0.230 

Monocyte (%) 0.334 0.001* 

Neutrophil (%) 0.028 0.787 

Eosinophil (%) 0.103 0.323 

NLR 0.042 0.668 

*Significant at P<0.05, DOA = Days on admission, WBC = White 

blood cell, NLR = Neutrophil lymphocyte ratio 
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Table 5: 

Haemocytometric parameters in COVID-19 patients based on reference range 

White blood cell profile Category Admission 

(n = 33) 

Discharge 

(n = 33) 

Chi-square ρ-value 

WBC (x109/L) Below ref range 3 (9.1) 1 (3.0) 2.667 0.102 

 Within ref range 30 (90.9) 30 (90.9)   

 Above ref range 0 (0.0) 2 (6.1)   

Lymphocyte (%) Below ref range 1 (3.0) 1 (3.0) 0.000 1.000 

 Within ref range 12 (36.4) 13 (39.4)   

 Above ref range 20 (60.6) 19 (57.6)   

Monocyte (%) Below ref range 0 (0.0) 0 (0.0) 5.444 0.020* 

 Within ref range 24 (72.7) 31 (93.9)   

 Above ref range 9 (27.3) 2 (6.1)   

Neutrophil (%) Below ref range 22 (66.7) 23 (69.7) 0.111 0.739 

 Within ref range 9 (27.3) 8 (24.2)   

 Above ref range 2 (6.1) 2 (6.1)   

Eosinophil (%) Below ref range 6 (18.2) 4 (12.1) 1.600 0.206 

 Within ref range 25 (75.8) 25 (75.8)   

 Above ref range 2 (6.1) 4 (12.1)   

*Significant at P<0.05, Reference range: WBC (3.5 – 10 x 109/L), Lymphocyte (16 – 45%), Monocyte (3 – 10%), Neutrophil (45 – 62%), 

Eosinophil (1 – 7%) 

 

 

Table 7: 

Changes in haemocytomeric parameters in patients below the age of 40 years and above 

White blood cell profile < 40 years (n = 91) ≥ 40 years (n = 38) ρ-value 

WBC (x109/L) 5.33 ± 1.54 6.04 ± 2.56 0.052* 

Lymphocyte (%) 48.63 ± 12.29 39.47 ± 13.92 0.000* 

Lymphocyte (x109/L) 2.53 ± 0.75 2.19 ± 0.83  

Monocyte (%) 7.93 ± 3.32 9.45 ± 3.80 0.025* 

Monocyte (x109/L) 0.42 ± 0.19 0.54 ± 0.25  

Neutrophil (%) 40.02 ± 12.29 47.50 ± 15.11 0.004* 

Neutrophil (x109/L) 2.21 ± 1.27 3.10 ± 2.19  

Eosinophil (%) 3.51 ± 2.93 3.20 ± 2.66 0.569 

Eosinophil (x109/L) 0.18 ± 0.16 0.18 ± 0.16  

NLR 0.95 ± 0.58 1.65 ± 1.49 0.000* 

*Significant at P<0.05, WBC = White blood cell, NLR = Neutrophil lymphocyte ratio 

 

Table 8: 

Correlation between the haemocytometric parameters and age 

Correlating pair r-value ρ-value 

Age (years)   

WBC (x109/L) 0.202 0.021* 

Lymphocyte (%) -0.318 0.000* 

Monocyte (%) 0.256 0.003* 

Neutrophil (%) 0.274 0.002* 

Eosinophil (%) -0.183 0.038* 

NLR 0.327 0.000* 

*Significant at P<0.05, WBC = White blood cell, NLR = Neutrophil 

lymphocyte ratio 

 

Changes in haemocytomeric parameters in patients below the 

age of 40 years and 40 years and above are shown in Table 7. 

The mean percentages of monocyte and neutrophil, NLR and 

WBC count were significantly higher while the mean 

lymphocyte percentage was significantly lower in patients 

aged 40 years and above compared with patients below the age 

of 40 years (Table 7). Furthermore, age had significant 

positive correlation with percentages of monocyte and 

neutrophil, NLR and WBC count but a significant negative 

correlation with lymphocyte percentage (Table 8). 

 

DISCUSSION 

 

Generally, routine blood tests including haematological 

profile are common indicators reflecting the course of 

diseases. They are sensitive to many pathological changes and 

offers assistance in the diagnosis and prognosis of several 

diseases (Lu and Wang, 2020) especially, diseases like 

COVID-19 whose pathogenesis is still poorly understood. 

Haematological abnormalities which worsen with severity 

have been reported in patients with COVID-19 (Terpos et al., 

2020). 

Lymphocytes are types of white blood cells with decisive roles 

in the direction of cell-mediated killing of virus-infected and 

tumour cells, antibody production, and maintenance of 

immune homeostasis (Larosa and Orange, 2008). Several 

reports have shown that there is decreased number of 

lymphocytes in patients with COVID-19 and that 

lymphopenia is an effective and reliable indicator of severity 

and deaths from COVID-19 (Khartabil et al., 2020; Sun et al., 

2020; Tan et al., 2020; Velavan and Meyer, 2020). 

In this study, lymphocyte percentage was significantly lower 

in patients with COVID-19 compared with the controls. The 

low percentage of lymphocyte observed in this study could be 

attributed to increased cell death, cell membrane destruction 

or reduced formation. Xu et al. (2020) reported lysis of 

lymphocytes as a result of lymphocyte infection through direct 

binding of SARS-CoV-2 to ACE2 receptor on lymphocyte 

surface. In addition, cytokine storm is one of the 

characteristics of COVID-19 known to cause atrophy of 

lymphoid organs (Aggarwal et al., 1999; Liao et al., 2002) and 

may promote inflammation-induced lymphocyte apoptosis 

and impaired lymphocyte turnover. Furthermore, 
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lymphopenia could be due to redistribution of lymphocytes 

from circulation to infected lungs as pathological studies have 

reported dominant lymphocytes infiltration in the interstitial 

lung of COVID-9 patients (Sun et al., 2020; Xu et al., 2020; 

Yao et al., 2020). Therefore, full elucidation of the 

mechanisms resulting in lymphopenia might provide an 

effective treatment strategy for COVID-19 (Tan et al., 2020). 

 

Neutrophils play important roles in the innate immune system 

as they are involved in coordinating the initiation, propagation 

and resolution of inflammation. There are substantial data 

suggesting that neutrophils are among the first phagocytic 

responders to viral infection in the lung (Prince et al., 2011; 

Galani and Andreakos, 2015), and they remain in great 

numbers throughout the development of acute respiratory 

distress syndrome (ARDS) and may be instrumental in 

determining disease outcome. Therefore, a better 

understanding of the role of neutrophils with respect to viral 

infections will reveal important information about disease 

outcome. Neutrophils infected with influenza virus have 

increased apoptosis (Ivan et al., 2013) and undergo 

programmed cell death called netosis, in which neutrophil 

extracellular trap (NETs) are formed (Agraz-Cibrian et al., 

2017). NETs have the effect of killing many pathogens, 

including bacteria (Brinkmann et al., 2004), fungi (Urban et 

al., 2006), protozoan (Guimarães-Costa et al., 2009), and 

viruses (Agraz-Cibrian et al., 2017). The observed elevated 

percentage of neutrophils in COVID-19 patients corroborates 

the reports of Lo et al. (2020) and Chen et al. (2020) which 

showed that neutrophilia is present in COVID-19 patients even 

from the early stages of hospitalization. The neutrophilia 

might also be related to cytokine storm in COVID-19 patients 

(Wang et al., 2020), which is a feature of early stage of 

COVID. We thus, proposed that the elevated percentage of 

neutrophil in COVID-19 patients in this present study might 

suggest increased production from stem cell and attraction to 

blood circulation by its attractants. Neutrophil chemotaxis in 

humans is thought to be mediated by many factors, such as the 

chemokine CXCL8, cytokines IL-1 and TNFα, and 

complement C5a (Borregaard et al., 2007; Prince et al., 2011; 

Thomas and Schroder, 2013).  

The neutrophil-lymphocyte ratio (NLR) is an established 

indicator of systemic inflammation and an excellent predictor 

of infections, especially bacterial infection (Liu et al., 2016; 

Curbelo et al., 2017; Berhane et al., 2019). Peng et al. (2020) 

reported that NLR could be a valuable index of COVID-19 

severity. In this study, NLR was significantly elevated in 

COVID patients and this observation corroborates the report 

of Qin et al. (2020) which showed that NLR is elevated in 

patients with COVID-19 and that the elevation is more 

pronounced in patients with severe COVID-19 compared with 

patients with mild COVID-19. The elevation in NLR, which 

is due to the observed low lymphocyte percentage and high 

neutrophil percentage in COVID-19 patients suggest 

inflammation. 

A number of studies have reported normal or decreased WBC 

count upon admission (Huang et al., 2020; Khartabil et al., 

2020; Qu et al., 2020; Sun et al., 2020). However, leucocytosis 

has been reported in over 25% of the most severe cases (Gan 

et al., 2020). Although WBC count is presumed not to have 

prognostic value due to variability (Li et al., 2020), elevated 

levels (as observed in this study) could be due to co-infection 

or variability in immune response. 

The observed elevated neutrophil percentage in females with 

COVID-19 in this study further alluded to the fact that the 

recognition of antigens and responses by the innate arm of the 

immune system and the adaptive immune responses during 

viral infections differ between females and males (Gebhard et 

al., 2020). The reports of Boissier et al. (2003) Xia et al. 

(2009) and Melgert et al. (2010) showed that the number and 

activity of innate immune cells are higher in females than in 

males. This may have hormonal and genetic basis which needs 

further clarification especially, in COVID-19 patients. 

Reports have shown that WBC count increased as COVID-19 

progressed, especially in severe cases and non-survivors 

(Khartabil et al., 2020; National Health Council, 2020). Gan 

et al. (2020) reported that leucocyte count was higher in the 

COVID-19 patients that died and predicted mortality in the 

patients. The observed elevated WBC count in COVID-19 

patients at discharge in this study might mean that the reported 

increase in WBC count with progression of COVID-19 is not 

only peculiar to severe cases and non-survivors but could be a 

feature even in patients with mild COVID-19.  

Monocytes are cells of the innate immune system with a 

plasticity to develop into macrophages or dendritic cells 

(Karlmark et al., 2012). They participate in phagocytosis, 

antigen presentation, inflammatory responses, and a variety of 

other immune function processes (Jakubzick et al., 2017). In 

COVID-19, monocytes play principal roles in cytokine storm 

and associated pathologies (Pence, 2020; Zhou et al., 2020). 

The observed elevated percentage of monocyte in COVID-19 

patients who spent more than 10 days on admission compared 

with those who spent fewer days corroborates the report of 

Zhou et al. (2020) which showed that there was a significant 

increase in the circulating proportion of monocytes (especially 

IL-6 producing monocytes) in patients with COVID-19 and 

that the monocyte percentage increased further with the 

severity of the disease especially, acute respiratory distress 

syndrome (ARDS). Our observation suggests that monocyte 

percentage could be useful in determining possible duration of 

hospital stay and even, the tendency towards severity of 

COVID-19 patients. This suggestion is further buttressed by 

the observed significant reduction in the proportion of 

COVID-19 patients with monocyte percentage above the 

reference range at discharge compared with baseline, and the 

observed significant positive correlation between monocyte 

percentage and days on admission. Therefore, elevation of 

monocyte percentage at admission might indicate longer 

hospital stay and its progressive reduction during the course of 

COVID-19 treatment might be an indicator of recovery from 

the disease. Thus, monocyte functions may be targeted in the 

management of COVID-19 patients as early as admitted. 

Although the extent of immune system dysregulation and its 

contribution to COVID-19 pathogenicity in older adults is not 

well-understood, advanced age is considered a principal risk 

factor for COVID-19 complications, and this was largely 

attributed to immunosenescence (Nikolich-Zugich et al., 

2020; Pence, 2020). It has been reported that with increase in 

the age of infected patients, the mortality rate also increases, 

and the crude mortality rate in people over 80 years old was 

reported to be 21.9% (National Health Council, 2020). 

The observed lower lymphocyte percentage with concurrent 

higher percentage of monocyte and neutrophil as well as 

higher NLR in COVID-19 patients aged 40 years and above 

compared with patients less than age 40 years might indicate 

that heightened inflammation with possible superimposed 
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bacterial infection and impaired adaptive immune responses to 

SARS-CoV-2 are associated with older age. This is further 

alluded to by the observed significant positive correlation 

between age and percentages of monocyte and neutrophil, and 

NLR as well as significant negative correlation between age 

and percentage lymphocyte. A number of studies showed that 

a disproportionate number of severe cases and deaths due to 

COVID-19 are observed in older adults (Onder et al., 2020; 

Shahid et al., 2020; Wang et al., 2020; Wang et al., 2020). 

Inability to determine dynamic changes (by collecting samples 

at different intervals during the course of treatment) in the 

routine haemocytometric profile of the patients was a 

limitation in this study. Also, inability to rule out possible co-

infections apart from human immunodeficiency virus (HIV) 

infection and pulmonary tuberculosis infection was also a 

limitation.  

It could be concluded from this study that haemocytometric 

changes and inflammation in COVID-19 patients increase 

with age. Also, monocyte count could be an indicator of longer 

hospital stay and its reduction during the course of COVID-19 

treatment might be an indicator of recovery from the disease. 

In addition, findings from this study further allude to the wide 

potentialities inherent in inexpensive and rapid laboratory tests 

such as haemocytometry in disease stratification and 

prognostication. 
 
Acknowledgment 

The authors acknowledges Engineer Seyi Makinde FNSE, the 

Executive Governor of Oyo State for the establishment of the 

Infectious Disease Center, Olodo with State-of-the-Art facilities that 

enabled us to carry out this study and for his commitment in 

combating COVID-19 based on logic, science and common sense. 

 

 

 

REFERENCES 

 

Aggarwal, S., S. Gollapudi and S. Gupta. 1999. Increased 

TNF-alpha-induced apoptosis in lymphocytes from aged 

humans: changes in TNF-alpha receptor expression and 

activation of caspases. J Immunol 162(4): 2154-2161. 

Agraz-Cibrian, J.M., D.M. Giraldo, F.M. Mary and S. 

Urcuqui-Inchima. 2017. Understanding the molecular 

mechanisms of NETs and their role in antiviral innate 

immunity. Virus Research 228: 124-133. 

Bangash, M.N., J. Patel and D. Parekh. 2020. COVID-19 and 

the liver: little cause for concern. Lancet Gastroenterol 

Hepatol 5(6): 529-530. 

Berhane, M., M. Melku, A. Amsalu, B. Enawgaw, Z. Getaneh 

and F. Asrie. 2019. The Role of Neutrophil to Lymphocyte 

Count Ratio in the Differential Diagnosis of Pulmonary 

Tuberculosis and Bacterial Community-Acquired 

Pneumonia: a Cross-Sectional Study at Ayder and Mekelle 

Hospitals, Ethiopia. Clin Lab 65(4). 

Bjornson, A.B., M.A. Mellencamp and G.M. Schiff. 1991. 

Complement is activated in the upper respiratory tract 

during influenza virus infection. Am Rev Respir Dis 143(5 

Pt 1): 1062-1066. 

Boissier, J., K. Chlichlia, Y. Digon, A. Ruppel and H. Moné. 

2003. Preliminary study on sex-related inflammatory 

reactions in mice infected with Schistosoma mansoni. 

Parasitol Res 91(2): 144-150. 

Borregaard, N., O.E. Sørensen and K. Theilgaard-Mönch. 

2007. Neutrophil granules: a library of innate immunity 

proteins. Trends in Immunology 28(8): 340-345. 

Brinkmann, V., U. Reichard, C. Goosmann, B. Fauler, Y. 

Uhlemann, D.S. Weiss, Y. Weinrauch and A. Zychlinsky. 

2004. Neutrophil extracellular traps kill bacteria. Science 

303(5663): 1532-1535. 

Centers for Disease Control and Prevention. 2020. Interim 

Clinical Guidance for Management of Patients with 

Confirmed Coronavirus Disease (COVID-19).   Retrieved 

July 7, 2020, from https://www.cdc.gov/coronavirus/2019-

ncov/hcp/clinical-guidance-management-patients.html. 

Chen, J., T. Qi, L. Liu, Y. Ling, Z. Qian, T. Li, F. Li, Q. Xu, 

Y. Zhang, S. Xu, Z. Song, Y. Zeng, Y. Shen, Y. Shi, T. Zhu 

and H. Lu. 2020. Clinical progression of patients with 

COVID-19 in Shanghai, China. J Infect 80(5): e1-e6. 

Curbelo, J., S. Luquero Bueno, J.M. Galván-Román, M. 

Ortega-Gómez, O. Rajas, G. Fernández-Jiménez, L. Vega-

Piris, F. Rodríguez-Salvanes, B. Arnalich, A. Díaz, R. 

Costa, H. de la Fuente, Á. Lancho, C. Suárez, J. Ancochea 

and J. Aspa. 2017. Inflammation biomarkers in blood as 

mortality predictors in community-acquired pneumonia 

admitted patients: Importance of comparison with 

neutrophil count percentage or neutrophil-lymphocyte ratio.  

PLoS One 12(3): e0173947. 

Debuc, B. and D.M. Smadja. 2021. Is COVID-19 a new 

hematologic disease? Stem Cell Rev Rep 17(1):4-8. 

Driggin, E., M.V. Madhavan, B. Bikdeli, T. Chuich, J. Laracy, 

G. Biondi-Zoccai, T.S. Brown, C. Der Nigoghossian, D.A. 

Zidar, J. Haythe, D. Brodie, J.A. Beckman, A.J. Kirtane, 

G.W. Stone, H.M. Krumholz and S.A. Parikh. 2020. 

Cardiovascular Considerations for Patients, Health Care 

Workers, and Health Systems During the COVID-19 

Pandemic. J Am Coll Cardiol 75(18): 2352-2371. 

Galani, I.E. and E. Andreakos. 2015. Neutrophils in viral 

infections: Current concepts and caveats. J Leukoc Biol 

98(4): 557-564. 

Gan, J., J. Li, S. Li and C. Yang. 2020. Leucocyte subsets 

effectively predict the clinical outcome of patients with 

COVID-19 pneumonia: A retrospective case-control study. 

Front Public Health 8(:299. 

Gebhard, C., V. Regitz-Zagrosek, H.K. Neuhauser, R. Morgan 

and S.L. Klein. 2020. Impact of sex and gender on COVID-

19 outcomes in Europe. Biol Sex Differ 11(1): 29. 

Guimarães-Costa, A.B., M.T. Nascimento, G.S. Froment, R.P. 

Soares, F.N. Morgado, F. Conceição-Silva and E.M. 

Saraiva. 2009. Leishmania amazonensis promastigotes 

induce and are killed by neutrophil extracellular traps. Proc 

Natl Acad Sci USA 106(16): 6748-6753. 

Huang, C., Y. Wang, X. Li, L. Ren, J. Zhao, Y. Hu, L. Zhang, 

G. Fan, J. Xu, X. Gu, Z. Cheng, T. Yu, J. Xia, Y. Wei, W. 

Wu, X. Xie, W. Yin, H. Li, M. Liu, Y. Xiao, H. Gao, L. Guo, 

J. Xie, G. Wang, R. Jiang, Z. Gao, Q. Jin, J. Wang and B. 

Cao. 2020. Clinical features of patients infected with 2019 

novel coronavirus in Wuhan, China. Lancet 395(10223): 

497-506. 

Ivan, F.X., K. Tan, M. Phoon, B.P. Engelward, R.E. Welsch, 

J.C. Rajapakse and V.T. Chow. 2013. Neutrophils infected 

with highly virulent influenza H3N2 virus exhibit 

augmented early cell death and rapid induction of type I 

interferon signaling pathways. Genomics 101(2): 101-112. 



Arinola et al –Immune cells count in Nigerian COVID-19 patients 

 

Archives of Basic and Applied Medicine 9 (December2021) 151 

Jakubzick, C.V., G.J. Randolph and P.M. Henson. 2017. 

Monocyte differentiation and antigen-presenting functions. 

Nat Rev Immunol 17(6): 349-362. 

Karlmark, K.R., F. Tacke and I.R. Dunay. 2012. Monocytes in 

health and disease - Minireview. Eur J Microbiol Immunol 

(Bp) 2(2): 97-102. 

Khartabil, T.A., H. Russcher, A. van der Ven and Y.B. de 

Rijke. 2020. A summary of the diagnostic and prognostic 

value of hemocytometry markers in COVID-19 patients. 

Critical Reviews in Clinical Laboratory Sciences: 1-17. 

Larosa, D.F. and J.S. Orange. 2008. 1. Lymphocytes. J Allergy 

Clin Immunol 121(2 Suppl): S364-369; quiz S412. 

Lattanzi, S., D. Norata, A.A. Divani, M. Di Napoli, S. Broggi, 

C. Rocchi, S. Ortega-Gutierrez, G. Mansueto and M. 

Silvestrini. 2021. Systemic inflammatory response index 

and futile recanalization in patients with ischaemic stroke 

undergoing endovascular treatment. Brain Sci 11(9): 1164. 

Lee, N. 2009. Role of cytokines and chemokines in severe and 

complicated influenza infections. Hong Kong medical 

journal= Xianggang yi xue za zhi 15: 38. 

Lee, N., P.K. Chan, C.K. Wong, K.-T. Wong, K.-W. Choi, 

G.M. Joynt, P. Lam, M. Chan, B. Wong and G. Lui. 2011. 

Viral clearance and inflammatory response patterns in 

adults hospitalized for pandemic 2009 influenza A (H1N1) 

virus pneumonia. Antiviral therapy 16(2): 237. 

Lee, N., C.K. Wong, P.K. Chan, M.C. Chan, R.Y. Wong, S.W. 

Lun, K.L. Ngai, G.C. Lui, B.C. Wong and S.K. Lee. 2011. 

Cytokine response patterns in severe pandemic 2009 H1N1 

and seasonal influenza among hospitalized adults. PloS one 

6(10): e26050. 

Li, Q., X. Ding, G. Xia, Z. Geng, F. Chen, L. Wang and Z. 

Wang. 2020. A simple laboratory parameter facilitates early 

identification of COVID-19 patients. medRxiv: 

2020.2002.2013.20022830. 

Liao, Y.C., W.G. Liang, F.W. Chen, J.H. Hsu, J.J. Yang and 

M.S. Chang. 2002. IL-19 induces production of IL-6 and 

TNF-alpha and results in cell apoptosis through TNF-alpha. 

J Immunol 169(8): 4288-4297. 

Liu, X., Y. Shen, H. Wang, Q. Ge, A. Fei and S. Pan. 2016. 

Prognostic Significance of Neutrophil-to-Lymphocyte 

Ratio in Patients with Sepsis: A Prospective Observational 

Study. Mediators Inflamm 2016: 8191254. 

Lo, I.L., C.F. Lio, H.H. Cheong, C.I. Lei, T.H. Cheong, X. 

Zhong, Y. Tian and N.N. Sin. 2020. Evaluation of SARS-

CoV-2 RNA shedding in clinical specimens and clinical 

characteristics of 10 patients with COVID-19 in Macau. Int 

J Biol Sci 16(10): 1698-1707. 

Lu, G. and J. Wang. 2020. Dynamic changes in routine blood 

parameters of a severe COVID-19 case. Clin Chim Acta 

508: 98-102. 

Mehta, P., D.F. McAuley, M. Brown, E. Sanchez, R.S. 

Tattersall and J.J. Manson. 2020. COVID-19: consider 

cytokine storm syndromes and immunosuppression. Lancet 

395(10229): 1033-1034. 

Melgert, B.N., T.B. Oriss, Z. Qi, B. Dixon-McCarthy, M. 

Geerlings, M.N. Hylkema and A. Ray. 2010. Macrophages: 

regulators of sex differences in asthma? Am J Respir Cell 

Mol Biol 42(5): 595-603. 

National Health Commission. 2020. New Coronavirus 

Pneumonia Diagnosis and Treatment Plan (Trial Version 6).   

Retrieved July 13, 2020, from 

http://www.nhc.gov.cn/yzygj/s7653p/202002/8334a8326d

d94d329df351d7da8aefc2/files 

/b218cfeb1bc54639af227f922bf6b817.pdf. 

National Health Commission. 2020. Protocol on Prevention 

and Control of COVID-19 (Edition 6). National Health 

Commission of the People's Republic of China  

 Retrieved July 7, 2020, from 

https://www.chinadaily.com.cn/pdf/2020/2.COVID-

19.Prevention.and.Control.Protocol.V6.pdf. 

National Health Council. 2020. Feb 29, 2020. Report of the 

WHO-China Joint Mission on Coronavirus Disease 2019 

(COVID-19). .   Retrieved 7/13/, 2020, from 

http://www.nhc.gov.cn/jkj/s3578/202002/87fd92510d094e

4b9bad597608f5cc2c/files/e73a238d8eff45d5ab855fa078f

4c0dd.pdf. 

Nikolich-Zugich, J., K.S. Knox, C.T. Rios, B. Natt, D. 

Bhattacharya and M.J. Fain. 2020. SARS-CoV-2 and 

COVID-19 in older adults: what we may expect regarding 

pathogenesis, immune responses, and outcomes. 

Geroscience 42(2): 505-514. 

Onder, G., G. Rezza and S. Brusaferro. 2020. Case-Fatality 

rate and characteristics of patients dying in relation to 

COVID-19 in Italy. JAMA 323(18):1775-1776. 

Pence, B.D. 2020. Severe COVID-19 and aging: are 

monocytes the key? Geroscience 42(4):1051-1061. 

Peng, J., D. Qi, G. Yuan, X. Deng, Y. Mei, L. Feng and D. 

Wang. 2020. Diagnostic value of peripheral hematologic 

markers for coronavirus disease 2019 (COVID-19): A 

multicenter, cross-sectional study. Journal of Clinical 

Laboratory Analysis 34(10): e23475. 

Prince, L.R., M.K. Whyte, I. Sabroe and L.C. Parker. 2011. 

The role of TLRs in neutrophil activation. Curr Opin 

Pharmacol 11(4): 397-403. 

Qin, C., L. Zhou, Z. Hu, S. Zhang, S. Yang, Y. Tao, C. Xie, 

K. Ma, K. Shang, W. Wang and D.S. Tian. 2020. 

Dysregulation of immune response in patients with 

coronavirus 2019 (COVID-19) in Wuhan, China. Clin Infect 

Dis 71(15):762-768.   

Qu, R., Y. Ling, Y.H. Zhang, L.Y. Wei, X. Chen, X.M. Li, 

X.Y. Liu, H.M. Liu and Z. Guo. 2020. Platelet-to-

lymphocyte ratio is associated with prognosis in patients 

with coronavirus disease-19. J Med Virol 92(9): 1533-1541. 

Shahid, Z., R. Kalayanamitra, B. McClafferty, D. Kepko, D. 

Ramgobin, R. Patel, C.S. Aggarwal, R. Vunnam and N. 

Sahu. 2020. COVID-19 and older adults: What we know.  J 

Am Geriatr Soc 68(5): 926-929. 

Sun, S., X. Cai, H. Wang, G. He, Y. Lin, B. Lu, C. Chen, Y. 

Pan and X. Hu. 2020. Abnormalities of peripheral blood 

system in patients with COVID-19 in Wenzhou, China. Clin 

Chim Acta 507: 174-180. 

Tamhane, U.U., S. Aneja, D. Montgomery, E.K. Rogers, K.A. 

Eagle and H.S. Gurm. 2008. Association between admission 

neutrophil to lymphocyte ratio and outcomes in patients 

with acute coronary syndrome. Am J Cardiol 102(6): 653-

657. 

Tan, L., Q. Wang, D. Zhang, J. Ding, Q. Huang, Y.-Q. Tang, 

Q. Wang and H. Miao. 2020. Lymphopenia predicts disease 

severity of COVID-19: a descriptive and predictive study. 

Signal Transduct Target Ther 5(1): 33. 

Terpos, E., I. Ntanasis-Stathopoulos, I. Elalamy, E. Kastritis, 

T.N. Sergentanis, M. Politou, T. Psaltopoulou, G. 

Gerotziafas and M.A. Dimopoulos. 2020. Hematological 

findings and complications of COVID-19. Am J 

Hematol95(7): 834-847. 



Arinola et al –Immune cells count in Nigerian COVID-19 patients 

 

Archives of Basic and Applied Medicine 9 (December2021) 152 

Thomas, C.J. and K. Schroder. 2013. Pattern recognition 

receptor function in neutrophils. Trends Immunol 34(7): 

317-328. 

Urban, C.F., U. Reichard, V. Brinkmann and A. Zychlinsky. 

2006. Neutrophil extracellular traps capture and kill 

Candida albicans yeast and hyphal forms. Cell Microbiol 

8(4): 668-676. 

Velavan, T.P. and C.G. Meyer. 2020. Mild versus severe 

COVID-19: Laboratory markers. Int J Infect Dis 95: 304-

307. 

Wang, D., B. Hu, C. Hu, F. Zhu, X. Liu, J. Zhang, B. Wang, 

H. Xiang, Z. Cheng, Y. Xiong, Y. Zhao, Y. Li, X. Wang and 

Z. Peng. 2020. Clinical Characteristics of 138 Hospitalized 

Patients With 2019 Novel Coronavirus-Infected Pneumonia 

in Wuhan, China. JAMA 323(11): 1061-1069. 

Wang, W., J. Tang and F. Wei. 2020. Updated understanding 

of the outbreak of 2019 novel coronavirus (2019-nCoV) in 

Wuhan, China.  J Med Virol 92(4): 441-447. 

Weinkove, R. and Z.K. McQuilten. 2020. Managing 

haematology and oncology patients during the COVID-19 

pandemic: interim consensus guidance.  Med J Aust 

212(10): 481-489. 

World Health Organization, W. 2020. Laboratory testing for 

coronavirus disease 

(COVID-19) in suspected human cases: interim guidance,19 

March, 2020. Retrieved July 7, 2020 from 

https://apps.who.int/iris/handle/10665/331501   

Xia, H.J., G.H. Zhang, R.R. Wang and Y.T. Zheng. 2009. The 

influence of age and sex on the cell counts of peripheral 

blood leukocyte subpopulations in Chinese rhesus 

macaques. Cell Mol Immunol 6(6): 433-440. 

Xu, H., L. Zhong, J. Deng, J. Peng, H. Dan, X. Zeng, T. Li and 

Q. Chen. 2020. High expression of ACE2 receptor of 2019-

nCoV on the epithelial cells of oral mucosa. Int J Oral Sci 

12(1): 8. 

Xu, Z., L. Shi, Y. Wang, J. Zhang, L. Huang, C. Zhang, S. Liu, 

P. Zhao, H. Liu, L. Zhu, Y. Tai, C. Bai, T. Gao, J. Song, P. 

Xia, J. Dong, J. Zhao and F.S. Wang. 2020. Pathological 

findings of COVID-19 associated with acute respiratory 

distress syndrome. Lancet Respir Med 8(4): 420-422. 

Yao, X.H., T.Y. Li, Z.C. He, Y.F. Ping, H.W. Liu, S.C. Yu, 

H.M. Mou, L.H. Wang, H.R. Zhang, W.J. Fu, T. Luo, F. Liu, 

Q.N. Guo, C. Chen, H.L. Xiao, H.T. Guo, S. Lin, D.F. 

Xiang, Y. Shi, G.Q. Pan, Q.R. Li, X. Huang, Y. Cui, X.Z. 

Liu, W. Tang, P.F. Pan, X.Q. Huang, Y.Q. Ding and X.W. 

Bian. 2020. A pathological report of three COVID-19 cases 

by minimal invasive autopsies. Zhonghua Bing Li Xue Za 

Zhi 49(5): 411-417. 

Zhou, Y., B. Fu, X. Zheng, D. Wang, C. Zhao, Y. Qi, R. Sun, 

Z. Tian, X. Xu and H. Wei. 2020. Pathogenic T-cells and 

inflammatory monocytes incite inflammatory storms in 

severe COVID-19 patients. Natl Sci Rev 7(6): 998-1002



Arinola et al –Immune cells count in Nigerian COVID-19 patients 

 

Archives of Basic and Applied Medicine 9 (December2021) 55 

 


