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Methods of obtaining sputum
In patients with asthma, when it is combined with chronic bronchitis 

(CB) and COPD, and in patients with COPD, coughing is often 
accompanied by the production of sputum. Certainly spontaneously 
produced sputum is investigated in these cases.1 However, many 
patients with chronic inflammatory lung disease do not spontaneously 
produce sputum,2 so that induced sputum is studied in these cases. 
In 1989, Gibson et al.,3 developed a method of obtaining sputum, 
based on the inhalation of a hypertonic saline solution. They used 
a hypertonic solution (4.5% for patients in remission and 0.9% for 
patients with disease exacerbation), which was delivered to the patient 
via a nebuliser. Samples of the expectorated sputum were processed 
and used in cytology and other studies. Sputum induction was 
successful in 90% of patients.4 The cytology results of spontaneous 
and induced sputum samples turned out to be identical.5

The goal of sputum induction is to collect a sufficient amount of 
mucus from the lower airways, in patients, who do not spontaneously 
produce sputum, in order to study the features of inflammation in 
asthma and other respiratory conditions.6 Induced sputum cytology is 
considered a gold standard for identifying the inflammatory phenotype 
in patients with asthma.7 However, spontaneous sputum is considered 
preferable in clinical practice,8 so in cases where the patient produces 
sputum, it is the spontaneously produced sputum that is studied.

The advantages of studying induced sputum have been evaluated by 
a number of authors.9,10 Cell viability is higher in induced sputum than 
in spontaneous sputum. The lengthy presence of mucus in the airways 
may lead to a reduction in the number of viable cells, while sputum 

induction leads to the mobilisation of a new cell population.5 The 
method of obtaining induced sputum is not without its disadvantages. 
The inhalation of hypertonic saline causes bronchospasm in some 
patients, which is related to the activation of mast cells and the 
irritation of the respiratory sensory nerves.11 The majority of 
researchers use short-acting β2-agonists to avoid bronchospasm in the 
study patients during the procedure.12 One important limitation of this 
method of inducing sputum is that it is labour intensive, which limits 
its widespread use in medical practice.13

Cytology is one of the main methods of studying sputum, and 
involves a sputum cell count and the creation of a cytogram, which 
contains the percentage composition of each cell type. Numerous 
studies have produced the idea of four cellular phenotypes of sputum 
cell counts:

i.	Eosinophilic (≥2% eosinophils)

ii.	Neutrophilic (≥61% neutrophils)

iii.	Mixed

iv.	Non-eosinophilic (<2% eosinophils) and non-neutrophilic (<61% 
neutrophils), which has been called paucigranulocytic

The cellular phenotype of sputum from patients with 
asthma

Eosinophilic sputum phenotype: The eosinophilic phenotype is 
most commonly related to atopic asthma and a positive response 
to treatment with inhaled corticosteroids.14 In adult patients with 
asthma, not treated with inhaled corticosteroids, 22% demonstrated 
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Abstract

This study was done in order to determine the cellular phenotypes of spontaneous 
sputum, and to evaluate the features of respiratory inflammation based on sputum 
cytology results. The study looked at 72 patients, with 23 patients having moderate 
asthma in combination with chronic bronchitis (asthma+CB), 18 patients having 
moderate asthma in combination with chronic obstructive pulmonary disease 
(asthma+COPD), and 31 patients having only COPD. All patients were studied 
during a period of disease exacerbation and had a productive cough. Eosinophilic, 
neutrophilic, epithelial and macrophagic phenotypes were determined. Mono cellular 
phenotypes were rare, with patients with asthma and COPD having a predominantly 
multi cellular phenotype.

It is widely accepted and confirmed in international statements (GINA, GOLD) that 
broncho pulmonary inflammation is involved in the pathogenesis of asthma and chronic 
obstructive pulmonary disease (COPD). For this reason, doctors and researchers are 
interested in studying sputum, which is a product of the respiratory tract.

Keywords: asthma, chronic obstructive pulmonary disease, chronic bronchitis, 
sputum, sputum cellular phenotypes, inflammation
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consistent eosinophilia in their sputum, 31% of patients had periodical 
eosinophilia in their sputum, and 47% of patients had a consistently 
low eosinophilic cell count (<2%).15 Previous studies confirm the 
high prognostic sensitivity of measuring the eosinophilic content in 
sputum, since an increase in the number of eosinophils precedes an 
asthma exacerbation,16 and the eosinophilic phenotype is commonly 
found in patients with asthma, who react well to treatment with 
corticosteroids7 and anti-IL-5 therapy.17 A low eosinophilic sputum 
count is noted in patients with asthma, who demonstrate a reduced 
response to treatment with corticosteroids.16 On the other hand, the 
presence of sputum eosinophilia does not always correspond to mild 
asthma or to successful treatment with corticosteroids,18 and the belief 
that controlling the number of eosinophils in the sputum will ensure 
high treatment effectiveness is not always supported by the research.19 
The lack of a positive treatment response in patients with the 
eosinophilic phenotype, despite the administration of corticosteroids, 
is thought to be related to the remodelling of the airways, and is a poor 
prognostic indicator in these patients.20

Neutrophilic sputum phenotype: The neutrophilic sputum 
phenotype is present in 59% of adult patients with asthma.21 During 
an asthma exacerbation, the eosinophilic phenotype predominates 
in children, and the neutrophilic phenotype is more common in 
adults. Some authors believe that the presence of the neutrophilic 
phenotype is an indicator of more severe asthma.22 The neutrophilic 
inflammatory phenotype is associated with activated neutrophil 
products such as neutrophil elastase, α1-antitrypsin, interleukins 8 
and 17, and others.23 These patients tend to have a poor response to 
treatment with corticosteroids.24 The fact that patients with severe 
asthma have a predominantly neutrophilic inflammatory phenotype 
has been noted by many researchers.25,26 Moreover, it has been noted 
that approximately half of patients with mild and moderate asthma 
have a neutrophilic inflammatory phenotype.15

The neutrophilic inflammatory phenotype is often linked to viral 
respiratory infections, since 70% of patients with asthma and a viral 
respiratory infection had a neutrophilic sputum phenotype.27 Viruses 
stimulate bacterial infection activity, which persists in the patients’ 
airways. Bacteria stimulate the immune response via the liberation of 
pro-inflammatory cytokines, such as IL-8 and TNF, and can induce 
neutrophilic inflammation.28 Chlamydophila pneumonia is often 
considered one of the causes of neutrophilic inflammation in patients 
with asthma.29 But not all authors confirm the role of Chlamydophila 
pneumonia as the cause of neutrophilic inflammation.30 There is 
discussion about neutrophilic bronchitis, present in 10% of asthma 
patients, which is characterised by neutrophilic inflammation, and a 
severe, incurable disease course. The accumulation of neutrophils in 
the airways is linked to increased chemotaxis and active migration 
into the lungs. Moreover, neutrophils may block pulmonary micro 
vessels due to their low elasticity. This leads to a higher concentration 
of neutrophils in the area of inflammation.31 

Excessive accumulation of leucocytes in the sputum creates 
purulent sputum, which is related to a bacterial infection. Mucoid 
sputum is colourless, while the accumulation of pus is accompanied 
by colour changes from pale yellow to dark green.32 There are a few 
classification types for assessing sputum:

i.	Type 1: Transparent, opaque, 

ii.	Type 2: Mucopurulent, yellow in colour, 

iii.	Types 3 and 4: Purulent, green to dark green in colour33

The colour of the sputum is related to the presence of neutrophils, 
activated by the bacterial infection in the respiratory system, as they 
secrete neutrophil elastase and myeloperoxidase, which gives the 
sputum its green colour.34,35 Information from the patient about colour 
changes in spontaneously produced sputum from opaque to yellow-
green in the last 72hours is a confirmation of the presence of purulent 
sputum, most likely due to a bacterial respiratory infection.36 Long-
term use of clarithromycin is recommended for patients with asthma 
of the neutrophilic inflammatory phenotype.37 The morphological 
differences of eosinophilic and non-eosinophilic (neutrophilic) 
asthma phenotypes relate to the formation of subepithelial fibrosis 
and thickening of the basal membrane38 in patients with eosinophilic 
asthma, and emphysema in patients with neutrophilic asthma.39 

Paucigranulocytic inflammation phenotype in patients 
with asthma

This phenotype is quite common, and is present in approximately 
50% of adults and children with mild and moderate asthma. These 
patients tend to have well-controlled disease with a favourable 
course.30

Inflammatory phenotypes in patients with asthma, according to 
sputum cytology: Asthma sufferers tended to be more commonly 
diagnosed with the eosinophilic phenotype, which was associated 
with non-infectious allergens. According to the data of Schelich et 
al.,7 41% of patients with asthma had eosinophilic inflammation, 16% 
had neutrophilic, 3% had mixed, and 40% had a paucigranulocytic 
phenotype. Mohamed et al.,40 provide similar results: 63.8% had 
eosinophilic inflammation, 10% had neutrophilic, 10% had mixed, 
and 26.2% had a paucigranulocytic inflammatory phenotype, but the 
authors stress that the degree of control over treatment effectiveness 
does not relate to the inflammatory phenotype. A significant proportion 
of adults and children with difficult-to-treat asthma and wheezing, 
have neutrophilic inflammation.41

During an asthma exacerbation, adults demonstrate a neutrophilic 
phenotype, and an eosinophilic phenotype during remission.42 An 
increase in the number of eosinophils in the sputum correlates to 
an increase in asthma severity, while a reduction correlates with an 
improvement in the condition. This had led to the eosinophil content 
being considered a marker of asthma severity.43 It has been established 
that the eosinophilic inflammatory phenotype is an indicator of a good 
response to treatment.44,45 

change in the inflammatory phenotype occurs quite often. 41% 
of children with asthma showed a change from the neutrophilic 
phenotype to the eosinophilic phenotype, when monitored over 
time. There is instability in the inflammatory phenotype of children 
with asthma of any degree of severity.46 After 12weeks of treatment 
with placebo, 80% of patients had a change from the neutrophilic 
phenotype to the eosinophilic phenotype without any clear cause. It 
is likely that is due to the effect of external factors, such as allergens, 
seasonal changes, ecological factors and respiratory infections.47 
The percentage of eosinophils in the sputum decreases with ongoing 
corticosteroid treatment.48 The clearly demonstrated change in the 
cellular content of induced sputum allowed Hencox et al.,49 to draw 
two conclusions:

i.	The eosinophilic and neutrophilic versions of a sputum cytogram 
are likely to characterise disease severity, rather than the inflamma-
tory phenotype.
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ii.	The eosinophilic or neutrophilic nature of inflammation in a parti-
cular patient can be determined only with repeat studies over time49

patient may have several cellular inflammatory phenotypes. One 
study noted that 63% of children with asthma had two or even three 
inflammatory phenotypes simultaneously.46

Inflammatory phenotypes in patients with COPD: To determine 
the inflammatory phenotype in patients with COPD, a cytology 
analysis of spontaneous sputum, and the results of viral and bacterial 
analyses were used. Three phenotypes were described, which received 
the name ‘clinical phenotypes’: bacterial (with a predominance of 
bacteria), viral (with a predominance of viruses) and eosinophilic 
(with a high percentage of eosinophils in the sputum cytogram).50

A cluster analysis of inflammatory phenotypes in patients with 
COPD confirmed the presence of the clinical phenotypes: bacterial, 
viral, eosinophilic, and added a fourth phenotype, which was called 
pauciinflammatory. It was noted that the use of these phenotypes will 
enable the prescription of individual treatment, taking into account the 
specifics of COPD progression.51

Materials and methods
The study included 72 patients, with group 1 consisting of 23 people 

(6 men, 17 women, mean age 46.5±17.04years) with moderate asthma 
in combination with chronic bronchitis (CB), group 2 consisting of 
18 people (14 men and 4 women, mean age 57.3±10.6years) with 
moderate asthma in combination with COPD, and group 3 consisting 
of 31 people (23 men and 8 women, mean age 62.8 +/- 8.39years) with 
COPD. All subjects with moderate asthma had an infection-dependent 
asthma phenotype, which was combined with the atopic phenotype in 
83%. All patients were assessed during an asthma exacerbation, and 
all patients had a productive cough. 

General clinical, laboratory and instrumental investigations were 
carried out, which included functional respiratory studies. Morning 
sputum was collected and a native, haematoxylin - and eosin - stained 
specimen underwent cytology. Cellular components were counted in 
20 fields. 200-300 cells were counted and a cytogram created, which 
displayed the percentage composition of every type of cell: bronchial 
epithelium, macrophages and leucocytes (neutrophils, eosinophils, 

lymphocytes, monocytes). The cytology analysis was done using the 
mean percentage composition of a particular cell. 

The fractional exhaled nitric oxide (FENO) level was also 
calculated. FENO measurement in ppb was done using the NO 
breath device (Bedfont Scientific Ltd, Great Britain). The program 
STATISTICA 6.1 by Stat Soft, Inc. was used for statistical data 
analysis. For statistically significantly results, p<0.05 was considered 
significant. For descriptive statistics of quantitative measures, mean 
and standard deviation scores were used (M±s). Student’s T-test and 
Pearson’s correlation analysis was also used.

Results and discussion
The cytological characteristics of sputum in the study 
patients

The mean percentage indicators shown in Table 1 of the different 
cells present in the sputum cytogram of the study patients indicate 
a weak statistical trend towards an increased neutrophil content in 
the sputum of patients with COPD and eosinophil content in patients 
with asthma+CB. In order to determine the manifestation rate of the 
various cells present in the sputum, taking into consideration the 
distribution curve, three value levels were determined: low, medium 
and high (Table 2). High cell content in the sputum can thus indicate 
a cellular phenotype in a particular patient. 

Cytological disease phenotypes according to high cell 
content in the sputum

Figure1 shows the percentage of patients in the study groups, with 
a high cell content in their sputum.

Patients in group 1 (asthma+CB) had a predominantly eosinophilic 
phenotype (56%), with only 7% of patients having a monocellular 
eosinophilic phenotype. The eosinophilic phenotype was seen nearly 
three times less frequently (19%) in patients in group 3 (COPD), 
with only 10% having a monocellular eosinophilic phenotype. The 
neutrophilic phenotype predominated in patients in group 3(42%), 
with 12% of patients having the monocellular variant. The neutrophilic 
phenotype was 1.5 times less frequent in patients in group 1. 

Table 1 Sputum cytograms in patients with moderate asthma + CB, moderate asthma + COPD, and only COPD

Cells

Asthma + CB (23) Asthma + COPD (18) COPD (31)

M m M m M m

Neutrophiles 35.96 11.67 36.61 14.22 42.81 15.56

Eosinophiles 20.52 8.19 18.00 10.39 13.90 10.45

Macrophiles 25.13 13.09 26.67 14.29 23.06 11.28

Lymphocytes 7.39 3.24 7.00 3.65 9.16 3.77

Monocytes 1.04 1.18 1.89 2.97 2.09 2.44

Epithelium 9.95 9.15 9.83 10.24 8.97 8.17
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Figure 1 Percentage of patients in the study groups, with a high cell content 
in their sputum.

Table 2 Reference levels of the various cells present in the sputum (in %)

Sputum cells Low Medium High

Neutrophils ≤30 31-40 >40

Eosinophils ≤12 13-18 >18

Macrophages ≤20 21-30 >30

Lymphocytes ≥6 7-9 >9

Monocytes 0 2 >2

Epithelium ≤3 4-10 <10

The second patient group (asthma+COPD) demonstrated a 
cellular phenotype that was intermediate between the values in group 
1 and the values in group 3. Special attention should be paid to the 
epithelial phenotype, previously undescribed in the literature, which 
characterises the degree of damage of the bronchial epithelium, and 
the macrophagial phenotype, which reflects the degree of defence. 

These phenotypes were present to an equal degree in patients in all 
three groups, in approximately 30% of patients and predominantly in 
combination with other cellular phenotypes. In 20-30% of patients, 
maximal numbers of lymphocytes and monocytes were present in the 
sputum, always in combination with high levels of other cells. 15 out 
of 23 patients in group 1 (65%) had a combination of several cellular 
phenotypes (10 combinations), 10 out of 18 patients in group 2 (55%) 
had a combination of several cellular phenotypes (9 combinations), 
and 22 out of 31 patients in group 3 (71%) had a combination of 
several cellular phenotypes (13 combinations). 

A cytology analysis of the maximal percentage of cells in the 
patient’s sputum allows the following conclusions to be drawn:

i.	Apart from the eosinophilic and neutrophilic phenotypes, there 
exist also the epithelial and macrophagic phenotypes

ii.	Monocellular sputum phenotypes are rare in cytology, being pre-
sent in only 4-16% of patients

iii.	There is a high number of cellular combinations in multicellular 
sputum cytograms

iv.	Patients with asthma+CB have a predominantly eosinophilic spu-
tum phenotype (56% of patients), while patients with COPD have 
a predominantly neutrophilic sputum phenotype (42% of patients) 

The results of comparing the percentage composition of eosinophils 
and neutrophils in the peripheral blood and in sputum

Figure 2 shows the results of comparing the percentage 
composition of eosinophils and neutrophils in the sputum and in the 
peripheral blood of the study subjects, without separating them into 
clinical groups.

 The correlation between the percentage of eosinophils and 
neutrophils in sputum and in the peripheral blood of patients with 
asthma+CB, asthma+COPD, and COPD. The comparison showed a 
strong, direct correlation (r=0.3454; p=0.0011) between the content 
of eosinophils in the blood and in the sputum, which corresponds to 
information in the literature.18 It is likely that the control of eosinophil 
numbers in the sputum and in the blood is done on a systemic level. 
There was no correlation between the neutrophil numbers in the blood 
and in the sputum. This is due to the fact that control of neutrophil 
numbers in the sputum occurs directly in the bronchi and the lungs. 
These results correspond to data in previously published literature.7 

Figure 2 Results of comparing the percentage composition of eosinophils and neutrophils in the sputum and in the peripheral blood of the study subjects, 
without separating them into clinical groups.
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The results of comparing the percentage composition 
of eosinophils and macrophages in sputum

Due to finding eosinophilic apoptosis matter in the macrophages 
present in the sputum of asthma patients, the correlation between 
eosinophils and macrophages in patients with asthma+CB was 
considered to be of interest. It was found that there is an inverse 
and statistically significant correlation between eosinophils and 
macrophages in the sputum of patients with asthma+CB. These results, 
to a certain extent, support the controlling function that macrophages 
play in relation to eosinophils (Figure 3). 

Figure 3 The correlation between macrophages and eosinophils in the 
sputum of patients with asthma + CB.

Conclusion
1.	The cytological phenotypes of spontaneous sputum in the study 

subjects have the following features:

i.	 Apart from the eosinophilic and neutrophilic phenotypes, there 
are also epithelial and macrophagic phenotypes

ii.	 Monocellular phenotypes occur in 4-16% of patients with diffe-
rent conditions and this is true for different cell types

iii.	 There is a large number of cell combinations in the sputum cyto-
grams of multicellular phenotypes

iv.	 Patients with asthma+CB have a predominantly eosinophilic 
phenotype, while patients with COPD have a predominantly 
neutrophilic phenotype

2.	 There is a significant direct correlation between the number of eo-
sinophils in the sputum and in the blood, which is likely due to 
systemic regulation. There is no correlation between the number 
of neutrophils in the blood and in the sputum, likely because of the 
predominantly local control of these indicators.

There is a statistically significant inverse correlation between the 
number of macrophages and eosinophils in sputum.

Summary
This study was done in order to determine the cellular phenotypes 

of spontaneous sputum, and to evaluate the features of respiratory 
inflammation based on sputum cytology results. The study looked at 
72 patients, with 23 patients having moderate asthma in combination 

with chronic bronchitis (asthma+CB), 18 patients having moderate 
asthma in combination with chronic obstructive pulmonary disease 
(asthma+COPD), and 31 patients having only COPD. All patients were 
studied during a period of disease exacerbation and had a productive 
cough. Eosinophilic, neutrophilic, epithelial and macrophagic 
phenotypes were determined. Monocellular phenotypes were rare, 
with patients with asthma and COPD having a predominantly 
multicellular phenotype.
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