
Introduction

The nature of the leukocytes recruited to the lungs in 
asthma, its dynamics, and the extent of their 
activation confer tremendous diversity to asthma 
disease; this is made evident by the various 

1
phenotypes and endotypes observed.  The profound 
inflammation can have effects on the entire 

2
hematopoietic tree including red cell production.   
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Abstract

Background: Bronchial asthma is a disease characterized by aberrant leukocyte trafficking and allergic 
inflammation. This study investigated the distribution of the various leukocyte subsets and some 
erythropoietic indices in asthma patients on inhaled corticosteroids. 
Methodology: This is a comparative cross‒sectional study involving 108 adult asthmatic patients on 
inhaled corticosteroids and 108 healthy adults. Socio‒demographic and clinical data were collected using 
a structured questionnaire. Four milliliters of blood sample was collected from each study participant for 
hematological analysis. Full blood count and differential leukocyte count were done using an automated 
hematology analyzer.  The mean and standard deviation of the measured parameters were calculated and 
inter-group comparison was made. The significance level was set at p‒value ≤ 0.05.
Result: The absolute and relative counts of neutrophils, eosinophil and, basophil were significantly 
elevated in asthmatic patients compared to control group. On the other hand, relative and absolute counts 
of monocytes and lymphocytes were significantly lower in asthmatic patients compared to the normal 
healthy control. The packed cell volume (PCV), red blood cell count (RBC) and hemoglobin 
concentration (Hb) were significantly low in asthmatic patients compared to the control group. 
Conclusion: Asthma patients on corticosteroids have altered hematological parameters compared to 
apparently healthy controls
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Classically, the allergic inflammation in asthma is 
believed to be orchestrated by basophils, mast cells 

1and, later eosinophil.  Progress in the pathobiology 
of asthma has revealed a variant of the disease that is 
characteristically driven by neutrophilic 

3
inflammation.  The hallmark of atopic and non-
atopic asthma is a T-helper 2 lymphocyte immune 
response characterized by the production of 

1
allergen-specific immunoglobulins (IgE and IgG).  
A T-helper 17 cell-mediated inflammation is also 
seen in asthma and it contributes significantly to the 

4pathogenesis of the disease.  Persistent waves of 
tissue destruction and repair courtesy of the 
inflammatory cells typify the asthmatic respiratory 

1
tract.  As highlighted above, the major cellular 
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drivers of asthma pathogenesis are peripheral 
blood-derived formed elements; even mast cells are 
believed by many experts to have aroused from a 
distant progenitor up the hematopoietic hierarchy; 
this progenitor exits the bone and takes residence in 

5body tissues.  Knowing that the peripheral blood 
serves as the interim reserve of these effector cells 
from where they are mobilized to the lungs, it is 
logical to expect some dynamics in their quantity as 
they are selectively trafficked to and from the 
asthmatic lungs. 
Management of  bronchial  asthma with 
corticosteroids minimizes the inflammatory 

6
reaction in the lungs.  Specifically, glucocorticoids 
reduce vascular permeability and hence laryngeal 

6
edema.  They also actively minimize the egress of 
leukocytes from the peripheral blood to the lungs by 
down-regulating the expression of the cellular 

7adhesion molecules selectins and integrins.  
Maturation and survival of leucocytes are also 
significantly impaired by corticosteroids, thus 

6,8
depleting the leucocyte reserve.  As such, 
supposedly management of asthma with 
corticosteroids is expected to normalize the 
distribution of leukocytes in the peripheral and the 
lungs thus ensuring disease control. Whether the 
clinical remission achieved as made evident by a 
reduction in the frequency of acute attacks 
following asthma management with inhaled 
corticosteroids correlates with normalization of 
blood counts is not adequately investigated among 
Nigerians. Such information could prove useful to 
physicians in striking a balance between the anti-
inflammatory and the immunosuppressive effects of 
corticosteroids in asthma management in the region.

Method
Study design and participants recruitment
The study design was a comparative cross-sectional 
hospital-based, performed in Aminu Kano teaching 
hospital, Kano of Nigeria (AKTH). One hundred 
and eight adult patients [20-60 years of age] with 
bronchial asthma met in the pulmonology clinic of 
AKTH were enrolled for the study. The participants 
were diagnosed to have persistent asthma of either 
mild or moderate grade as determined using the 
global initiative on asthma network guideline 
(GINA). Simple random sampling technique was 
used in deciding who to enroll in the study. At the 

time of recruitment, they were on maintenance 
therapy with low dose inhaled corticosteroids for at 
least one month. As part of the exclusion criteria, 
patients with known respiratory comorbidities were 
not recruited. Participants with other inflammatory 
diseases like human immunodeficiency virus (HIV) 
infection and, diabetes were also excluded. Healthy 
adults with no current history of respiratory diseases 
and seronegative for HIV, hepatitis C virus (HCV), 
hepatitis B virus (HBV) and, Syphilis were used as 
control. The controls were recruited from the blood 
donor bay of AKTH.
Sample collection, management and laboratory 
analyses
Four milliliters of venous blood were collected from 
the participants in a resting position between 10:00 
am and 12:00 noon (to minimize diurnal variations 
in cell count) using a 5ml syringe. The samples were 
quickly and gently emptied into dipotassium 
ethylene diamine tetra-acetic acid (K2 EDTA) 
bottle with the needle removed. The blood was 
mixed with the anticoagulant by gentle inversion 5 
times. Samples were inspected for the presence of 
nucleated red blood cells which can cause errors in 
white blood cell count by examining a Leishman-
stained thin blood film. Full blood count and 
differential were performed using an automated 
hematology analyzer [Cobac Swelab] to obtain the 
red cell  count,  hematocrit ,  hemoglobin 
concentration, red cell indices, total white blood cell 
count and, absolute and relative counts of 
neutrophils and lymphocytes. The instrument 
manufacturer’s instruction was strictly adhered to 
while operating the machine. Because degranulated 
eosinophils and basophils are usually missed by the 
automated hematology analyzer, the eosinophil, 
monocyte and, basophil count was done manually 
using a thin blood film stained with Leishman stain. 
Only short thin films with even thickness in which 
the leukocytes were evenly distributed and could 
easily be identified even at the head end of the film 
were used. The cells were counted by inspecting 
strips of the film running from head to tail using X40 
objective lens. A 500-cell count was done as 

9
recommended by Briggs and Bain, (2019).  The 
eosinophil and basophil counts were obtained from 
the total white blood cell count expressed in counted 
cells per liter. Where the automated count is flagged, 
a manual evaluation was done using peripheral 
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 Adult asthmatics n (%) Adult non-asthmatics n (%) 

Gender    

Male  32 (29.6) 32 (29.6) 

Female  76 (70.4) 76 (70.4) 

Total  108 (100) 108 (100) 

   

Age    

21-30 years 

31-40 years 

41-50 years 

51-60 years 

29 (26.9) 

33 (30.6) 

23 (21.3) 

23 (21.3) 

29 (26.9) 

33 (30.6) 

23 (21.3) 

23 (21.3) 

   
  Key: n = Frequency, % = percentage, p value determined using chi square for prospective data 

Table 1: Participants’ socio bio data

 Asthmatic 

patients(mean 

±SD) 

Control group 

(mean ±SD) 

t-statistic P-value 

PCV (%) 36.78 ± 6.00 38.56 ±3.27 2.71 <.05 

RBC (1012/L) 4.34± 0.80 4.51 ±0.41 1.97  .05 

Hb (g/dl) 12.17 ± 2.05 13.54±0.86 6.40 <.05 

MCV (fl) 84.92 ± 5.59 91.29 ±1.91 11.21 <.05 

MCH (pg) 28.09 ± 2.18 31.09 ±3.04 8.33 <.05 

MCHC (g/dl) 33.14 ± 1.23 35.26±1.66 10.66 <.05 

WBC (109/L) 8.15±1.42 6.33 ± 2.27 7.06 <.05 

Neutrophil (109/L) 3.89 ±1.79 2.6 ± 2.2 4.73 <.05 

Eosinophil (109/L) 0.3 ± 0.17 0.20 ±0.12 5.00 <.05 

Basophil (109/L) 0.12± 0.09 0.06±0.05 12.27 <.05 

Lymphocyte (109/L) 2.90 ±1.14 3.00± 1.27 0.63 .05 

Monocyte (109/L) 0.3± 0.27 0.85 ±0.27 15.00 <.05 

Neutrophil (%) 38.68± 10.90 55.54 ±8.68 12.60 <.05 

Eosinophil (%) 5.16± 2.60 3.25 ±1.69 6.40 <.05 

Basophil (%) 1.41±1.08 0.39 ±0.28 9.50 <.05 

Lymphocyte (%) 54.57±9.59 35.24 ±8.16 16.00 <.05 

Monocyte (%) 4.37±1.54 5.54 ±2.12 4.64 <.05 
Key: PCV, packed cell volume, HB, hemoglobin, RBC, red blood cell, MCV, mean cell volume; 

MCH, mean cell hemoglobin; MCHC: mean cell hemoglobin concentration, WBC: white blood cell. 

Table 2: Comparison of hematological parameters among patientswith asthma 
and normal healthy control
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blood film examination. 
Clinical data and drug use information
A s t ruc tu red  in t e rv i ewer-admin i s t e r ed  
questionnaire was used to gather information on the 
current clinical status of the participants and the 
drug(s) therapy they were receiving. The folders of 
the patients were also accessed retrospectively to 
get additional data on the diagnosis, presence of 
comorbidities and management details of the 
disease.

Results
A total of 108 asthmatic patients and 108 controls 
were included in this study. Seventy-six (70.4%) of 
the asthmatics were female and the rest (29.6%) 
were males. Similar gender distribution was used in 
recruiting the control to ensure matching (Table 1).  
The age of the participants ranged from 20 to 60 
years and was divided into four age groups: 21-30 
years, 31-40 years, 41-50 years and 51-60 years 
with frequencies and percentages 29 (26.9%), 33 
(30.6%), 23 (21.3%) and, 23 (21.3%) (Table 1). 
Twenty-one (19.4%) and 30 (27.8%) of the 
asthmatics and the healthy control were singles 
while, 87 (80.6%) and 78 (72.2%) were married 
respectively. 
The mean and standard deviation of the packed cell 
volume, red cell count, hemoglobin concentration, 
mean cell volume (MCV), mean cell hemoglobin 
(MCH) and mean cell hemoglobin concentration 
(MCHC) of both the asthmatics and normal healthy 
control were 36.78±6.00% versus 38.56±3.27%, 

1 2 1 2
4.34±0.80×10 /L versus 4.51±0.4×10 /L, 
12 .17±2.05g/d l  versus  13 .54±0.86g/d l ,  
84.92±5.59fl versus 91.29±1.91fl, 28.09±2.18pg 
versus 31.09±3.04pg, and 33.14±1.23g/dl versus 
35.26±1.66g/dl respectively. The corresponding P 
values are: 0.007, 0.056, 0.001, 0.001, 0.001 and 
0.001 respectively. 
The mean and standard deviation of total WBC 
counts, absolute neutrophil, lymphocyte, monocyte, 
eosinophil and basophil counts for the asthmatic 
participants and normal healthy control were 

9 98.15±1.42×10  /L versus 6.33±2.9×10 /L, 
9 9

3.89±1.79×10 /L versus  2 .6±2.2×10 /L,  
9 9

2.90±1.14×10 /L versus 3.00±1.27×10 /L, 
9 90.3±0.27×10 /L versus 0.85±0.27×10 /L, 

9
0.3±0.17×10 /L versus 0.20±0.12×109/L, and 

9 90.12±0.09×10 /L versus 0.06±0.05×10 /L 

respectively. The relative counts of neutrophil, 
lymphocyte, monocyte, eosinophil and basophil for 
the asthma patients and normal healthy control in % 
were 38.68±10.90% versus 55.54±8.68%, 
54.57±9.59% versus 35.24±8.16%, 4.37±1.54% 
versus 5.54±2.12%, 5.16±2.60% versus 
3.25±1.69%, and 1.41±1.08% versus 0.39±0.28% 
respectively (Table 2). 

Discussion
The red cell counts, packed cell volume, 
hemoglobin concentration and, all the red cell 
indices are reduced in the asthmatics on inhaled 
corticosteroids compared to normal healthy control. 
This occurs even though enhanced erythropoiesis is 
the norm in the vast majority of patients with asthma 
as a sympathetic response to counter the effects of 
the arteriohypoxemic hypoxia seen in the 

2,10-12 13patients.  Hailemaryam et al. (2016),  reported a 
different finding from a cohort of asthma patients in 
Ethiopia; however, whether or not the participants 
were on corticosteroids was not made known. Ejaz 

14et al (2017),  reported an elevation in the 
haemoglobin concentration and hematocrit in a 
group of 51 Pakistani asthmatics. Corticosteroids 
are found to affect the maturation of erythroid cells 
through transcriptional mechanisms and by the 

15direct effect on erythropoietin signaling.  The 
magnitude of the effect on erythropoiesis is not 
clinically significant, this may not be unconnected 
to the route of administration of the drug; the 
systemic effects of corticosteroids are most 

6
profound when administered parenterally.  From the 
result, the asthmatic patients have slightly lower 
MCV, MCH and MCHC; though the decrease is not 
of clinical significance, it may however be 
suggestive of the early phase in the development of 
hypochromic microcytic anemia; though other 
causes of low MCV, MCH and MCHC have not 
been ruled out. Corticosteroid have effects on iron 

15
metabolism , as impaired iron metabolism leads to 
the development of hypochromic microcytic 

16
anemia.
There is an overall increase in the mean WBC count 
among the asthmatics compared to normal healthy 
control; and the increase is largely accounted by a 
rise in absolute neutrophil, eosinophil and basophil 
counts respectively. Paradoxically however the 
mean lymphocyte and monocyte counts are lower in 
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Aminu Kano teaching hospital Kano was obtained 
b e f o r e  c o m m e n c i n g  r e c r u i t m e n t  
[AKTH/MAC/SUB/12A/P-3/VI/1930]. The 
participants were made aware of the study details as 
enshrined in the Helsinki Declaration, 1964 and its 
modifications; they all consented to participate 
before enrollment.
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