ORIGINAL

PERIPHERAL BLOOD EOSINOPHILS AS MARKER OF SPUTUM
EOSINOPHILIA AND OUTCOME OF COPD EXACERBATION

Jusufovic Edin, Kosnik Mitja, Nurkic Jasmina, Arifhodzic Nermina, Al-Ahmad Mona,
Becarevic Munevera, Brekalo-Lazarevic Sanja, Mosorovic Nehra
© by Acta Medica Saliniana
ISSN 0350-364X

Sputum eosinophils might predict response to inhaled corticosteroids (ICS) in patients with
advanced chronic obstructive pulmonary disease (COPD). Induction of sputum requires
expertise and may not always be successful.
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Aim was to investigate correlation and predictive relationship between peripheral blood
eosinophils (bEo) and sputum eosinophils (sEo), and impact of peripheral blood eosinophilia
on outcome of COPD exacerbation.
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120 current smokers with COPD (GOLD group C) (57.4 ± 0.92 years, M/F ratio 1.4), with no
blood (≥7% or >0.43x109/L) nor sputum (≥3%) eosinophilia, were treated with moderate
dose of ICS and long-acting bronchodilatator during stable disease, but systemic
corticosteroids and antibiotics during exacerbation. According to sputum eosinophilia
(≥4%) during exacerbation, patients were divided into eosinophilic (n=45) and noneosinophilic group (n=75).
In stable disease, bEo and sEo were similar in both groups (p>0.05). During exacerbation,
bEo and sEo were significantly higher in eosinophilic group (eosinophilic vs. noneosinophilic: blood: 1.42 ± 0.39 x109/l vs. 0.23 ± 0.02 x109/l, p<0.001; sputum: 8% (4, 19)
vs. 1% (0, 3), p<0.0001), but bEo correlated with sEo in both groups (eosinophilic: r=0.52,
p<0.001; non-eosinophilic: r=0.25, p<0.05). Relative bEo predicted sputum eosinophilia
(area under the curve=0.71, standard error=0.05; 95% confidence interval [CI] =0.61-0.81;
p<0.001) and enabled identification of the presence or absence of sputum eosinophilia in
82% of the cases at a threshold of ≥4% (specificity=83.56%, sensitivity=93.83%, positive
likelihood ratio=3.67).
Eosinophilic group during exacerbation showed less frequent hospitalisations and shorter
exacerbation (eosinophilic vs. non-eosinophilic: hospitalisations: 26.7% vs. 60.0%, p<0.001;
duration of exacerbation (days): 8.1±0.35 vs. 10.13±0.31, p<0.0001).
In COPD exacerbation, relative peripheral blood eosinophils ≥4% might identify sputum
eosinophilia. Blood eosinophilia indicate better outcome of COPD exacerbation. Further
investigations are needed to predict eosinophilic exacerbation in COPD patients, with prior
absence of sputum or blood eosinophilia.
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INTRODUCTION
Besides asthma, airway eosinophilia is
now well recognized inﬂammatory pattern
in chronic obstructive pulmonary disease
(COPD) (1). There is increasing body of
evidence that the eosinophils might play
an important role in 10-40% of patients
with COPD (2). A number of recent
studies have shown that blood eosinophil
counts could predict the magnitude of
the effect of inhaled corticosteroids (ICS),
added on top of regular maintenance
bronchodilator treatment in preventing
COPD exacerbations (3, 4). A recent
study examining ICS withdrawal on
a background of dual bronchodilator
therapy demonstrated that both FEV1
loss and an increase in exacerbation

frequency associated with ICS withdrawal
was greatest among patients with a
blood eosinophil count ≥300 cells/µl at
baseline (5). Eosinophilic COPD, defined
as sputum eosinophils 3%, is reported
during acute exacerbations in up to 28%
of cases (6). In the same time, although
airway eosinophilia has been found in
COPD during exacerbations, an increase
in airway eosinophils in patients with
stable conditions has been found in some
studies, but not in others (7). Interestingly,
in periods of COPD stability, it is found
in approximately 34% (8) to 38% (9) of
patients. Airway eosinophilia is a reliable
predictor of responsiveness to inhaled
and oral corticosteroid therapies in COPD
(9, 10). The detection and measurement
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of airway eosinophilia mostly require the assessment
of induced sputum (1). Although sputum induction is
considered a direct and reliable method of assessing
airway inflammation, it has a number of limitations. In
addition to being unsuitable for point-of-care testing,
it requires expertise and may not be always successful
(failure rate of up to 30%) (11, 12). Due to these
reasons, the search for minimally invasive and easily
applicable diagnostic tools that can predict sputum
eosinophilia in COPD has intensified (6, 10, 11). The
use of peripheral blood eosinophils (bEo) counts as a
potential alternative is attracting profound interest
owing to its ease of application in clinical practice
(10). However, little is known about measurement
stability, which is important for understanding the
utility of bEo as a potential biomarker (13). In asthma
patients the predictive value of blood eosinophils in
detecting sputum eosinophils (sEo) count asthma has
been reported (14). However, in COPD patients, only
few studies have addressed this, demonstrating the
association between sEo and bEo counts (6, 15), as
well as potential ability of blood eosinophils to serve
as a marker of response to corticosteroid treatments
during exacerbation (6). On the other side, increment
of research studied clinical COPD features and bEo
resulted in introducing the bEo count as a biomarker
for estimating the efficacy of inhaled corticosteroids
for the prevention of COPD exacerbations (16).
Nevertheless, studies examining the utility of bEo in
detecting sEo in COPD patients are still lacking, both
in stable disease (10), as well as during exacerbation.
On the other side, the results of the published studies
are contradictory and the differences between studies
may relate to differences in methodology, including
the use of background long acting bronchodilator
medication(s) which may minimize any effect of ICS
withdrawal (16).
Aim of our study was to investigate the correlation
and predictive relationship between bEo to sputum
eosinophils sEo, as well as the impact of peripheral
blood eosinophilia on outcome of COPD exacerbations.
SUBJECTS AND METHODS
Study design: A prospective, 12 months lasting study
was conducted from May 2016 to May 2017 year in
Centre for Pulmonary Diseases of Public Medical and
Educational Institution Tuzla, Bosnia and Herzegovina.
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Subjects: 120 current smokers COPD patients with
GOLD group C (≥2 exacerbations during observational
year with mMRC score ≤1 and CAT score <10) with
no blood (≥7% or >0.43x109/L) nor sputum (≥3%)
eosinophilia during stable disease. Blood eosinophilia
was defined as Eo values During stable disease all
patients were treated with moderate dose of ICS and
long-acting bronchodilatator (250 mcg fluticasone
propionate + 100 mcg salmeterol HFA, per day) with
inhaled salbutamol as needed. According to sputum
eosinophilia (≥4%) during the next exacerbation,
patients were divided into eosinophilic (n=45) and
non-eosinophilic group (n=75).
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Adherence and compliance to inhaled therapy were
checked in all patients before enrolment to study.
Inclusion criteria were: 1. COPD, GOLD C group, 2. good
adherence and compliance to inhaled therapy. Exclusion
criteria were: 1. asthma-COPD overlap (ACO), 2. actual
pneumonia or acute infections excluded by chest X
ray and C reactive protein, 3. bronchiectasis, 4. active
tuberculosis, 5. helmintiasis, 6. allergy (total IgE ≥100
IU/ml or positive skin prick testing on standard inhaled
and nutritive allergens), 6. congestive heart failure.
sEo and bEo were measured and compared between
during stable disease and one egzacerbation. According
sputum eosinophilia (≥4%) during exacerbation,
patients were divided into eosinophilic (n=45) and
non-eosinophilic group (n=75). Also, predicted forced
expiratory volume in first second (FEV1%), modified
Medical Research Council (mMRC) score and COPD
Assessment Test (CAT) score were done in all patients
during stable disease.

Sputum induction and processing: Sputum was
conducted concurrently with the inhaled hypertonic
(3%) saline solution. Subjects were asked to rinse
their mouth with water before the procedure to
help eliminate squamous cell contamination of the
sputum sample. They were asked to cough between
each dose of nebulised saline to clear their throat and
expectorate into a plastic Petri dish. This procedure
continued until an adequate sample containing >0.5
ml visible mucocellular material was obtained. After
induction, sputum was treated by adding four volumes
of 0.1% dithiothreitol and rotated for 30 minutes
at 37°C, followed by four volumes of phosphate
buffered saline. The suspension was filtered through
60 μm nylon gauze and then centrifuged at 200g for
10 minutes. Supernatant was aspirated and 70 μl
placed for slide preparation. The quality of induced
sputum samples was assessed based on the presence
of an adequate number of cells for enumeration, the
presence of pulmonary macrophages on the slide, and
the proportion of squamous epithelial cells. This gave a
quality score ranging from 0 (poor quality) to 6 (good
quality sample). A differential cell count was obtained
by counting 400 non-squamous cells on slides fixed
with methanol and stained with May Grunwald Giemsa.
Eosinophils were enumerated as the percentage of 400
cells on slides fixed with methanol and stained with
Chromotrope 2R. Metachromatic cells were counted as
the percentage of 1500 cells on slides fixed in Carnoy’s
solution and stained with acidic toluidine blue.
Peripheral blood relative eosinophil count was
determined by an automated hematology analyzer
(Cell-Dyn 4000; Abbott Laboratories, Abbott Park, IL).
Spirometric tests: Subjects withheld salbutamol 400 μg
for 20 minutes before testing. Height and weight were
recorded before performing three reproducible forced
expiratory manoeuvres wearing nose clips to measure
forced expiratory volume in 1 second (FEV1) and vital
capacity (VC).

mMRC scale is a self-rating tool to measure the degree
of disability that breathlessness poses on day-to-day
http://saliniana.com.ba
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activities on a scale from 0 to 4: 0, no breathlessness
except on strenuous exercise; 1, shortness of breath
when hurrying on the level or walking up a slight hill;
2, walks slower than people of same age on the level
because of breathlessness or has to stop to catch breath
when walking at their own pace on the level; 3, stops
for breath after walking ∼100 m or after few minutes
on the level; and 4, too breathless to leave the house, or
breathless when dressing or undressing (17).

CAT, that been developed to provide a simple and
reliable measure of health status in COPD patients,
consists of eight items (cough, phlegm, chest tightness,
breathlessness, limited activities, confidence leaving
home, sleeplessness and energy) defined with
contrasting adjectives. Item scores range from 0 to
5 points resulting in a CAT total score ranging from 0
to 40 points. A CAT total score of ≥10 points or ≥ 18
points has been suggested to classify patients as
highly symptomatic. The minimal clinically important
difference of the CAT is 2 points (18).
Need for hospitalisation was defined on the presence
of the risk factors associated with a complicated
exacerbation: 1. marked increase in intensity of
symptoms, 2. FEV1 < 50% predicted, 3. ≥4 exacerbations
in the last year, 4. presence of serious comorbidities
(ischemic heart disease, ...), 5. use of home oxygen,
6. chronic oral steroid use, 7. older age and 8. failure
of an exacerbation to respond to initial medical
management. If a least one risk factor was present at
the moment of admission, COPD exacerbation was
considered as a complex acute exacerbation with need
for hospitalisation (16, 19).

During exacerbation all patients were treated according
GOLD recommendations with: 1. supplemental oxygen
(with target saturation of 88-92%), 2. short-acting
inhaled beta2-agonists with or without short-acting
anticholinergics, 3. 40 mg prednisone or hydrocortisone
100 mg per day for 5 to 10 days and 4. antibiotics
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(azitromicin per os or cefazolin intravenous) during 5
to 10 days.
Statistical analysis

Non-parametric and parametric methods were used
to calculate statistical significance. KolmogorovSmirnov test and Shapiro-Wilk normality test were
used in order to test the normality of distribution of
variables. Mean values were shown as arithmetic mean
± standard deviation in case of normal distribution of
variables (age, BMI, FEV1 (%), bEo and duration of
hospitalisation), or median [minimum value, maximum
value] in case of non-normal distribution (sEo, mMRC
score, CAT score and number of exacerbations in last
year). Two-sided student’s t-test, Mann-Whitney test,
Fisher’s test and χ2 test were used for calculating the
difference between the groups. Spearman correlation
was used to analyze the relationship between bEo
and sEo. The ROC area under the curve was used to
assess the degree of sensitivity and specificity at a
cut off point. The statistical hypotheses were tested
at the level of α=0.05, and the difference between the
groups in the sample was considered significant when
p<0.05 according to Bonferroni correction for 5 tests.
Statistical significance was depicted as: p<0.05, p<0.01
and p<0.001. All data were analysed using GraphPad
Prism version 7 (San Diego, California, USA).
RESULTS
120 current smokers (57.4 ± 0.92 years, M/F ratio 1.4)
with COPD (GOLD group C) with no sputum nor blood
eosinophilia during stable disease were included.
Distribution in age, gender, BMI, as well as in FEV1 %
predicted, mMRC score, CAT score, sEo and bEo during
stable disease, were similar between eosinophilic and
non-eosinophilic groups (Table I).

Table 1. Basic and follow up characteristics of eosinophilic and non-eosinophilic group

Parameter

Mean age (years)
Females (n; %)
BMI (kg/m2)
FEV1 (% predicted)
mMRC score
CAT score
sEo in stable disease (%)
sEo in egzacerbation (%)
p value
bEo in stable disease (109/L)
bEo in egzacerbation (109/L)
p value
Exacerbations in last year (n)
Necessity for hospitalisation
Duration of hospitalisation (days)

(*) difference was significant
http://saliniana.com.ba

Eosinophilic group
(n=45)
57.38 ± 10.17
21; 46.67%
24.48 ± 0.98
51.39 ± 18.86
0 [0, 1]
6 [0, 9]
1 [0, 2]
8 [4, 19]
< 0.0001*
0.18 ± 0.16
1.42 ± 0.39
0.0011*
4 [2, 6]
12 (26.7%)
8.09 ± 2.38

Non-eosinophilic group
(n=75)
57.47 ± 10.01
28; 37.33%
24.11 ± 2.47
57.14 ± 18.47
0 [0, 1]
5 [1, 9]
2 [0, 2]
1 [0, 3]
0.9999
0.21 ± 0.19
0.23 ± 0.02
0.0864
3 [2, 4]
45 (60.0%)
10.13 ± 2.68

p value

0.9628
0.3421
0.3436
0.1038
0.4502
0.0885
0.1363
<0.0001*
0.4123
0.0002*

0.0008*
0.0006*
<0.0001*
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During exacerbation, eosinophilic group showed higher
sEo and bEo in comparison to the values in stable
disease, as well as to corresponding values in noneosinophilic group, where sEo and bEo were similar
during exacerbation and stable disease (Table 1).
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In addition, eosinophilic group showed higher number
of COPD exacerbation during last year, but lower
necessity for hospitalisation during exacerbation and
lower duration of hospitalisation in comparison to noneosinophilic group (Table 1).

Graph 1. Shows correlation between peripheral blood and sputum eosinophils
in eosinophilic and non-eosinophilic group

PBE correlated with SE in both eosinophilic and non-eosinophilic group (eosinophilic group: total Spearman
coefficient 0.517; 95%CI: 0.255 to 0.7082; p=0.0003; non-eosinophilic group: total Spearman coefficient 0.248;
95%CI: 0.01568 to 0.4553; p=0.0317).

Graph 2 (A and B). Shows specificity and sensitivity of bEo to predict sputum eosinophilia (A),
as well as bEo in eosinophilic and non-eosinophilic group (B)

Relative peripheral blood eosinophilia predicted
sputum eosinophilia (area under the curve=0.7105,
standard error=0.04865; 95% confidence interval
[CI] 0.6151 to 0.8059; p=0.0001189) and enabled
identification of the presence or absence of sputum
eosinophilia in 82% of the cases at a threshold of ≥4%
(specificity=83.56%, sensitivity=93.83%, positive
likelihood ratio=3.67).
DISCUSSION

24

Our study was performed on 120 COPD patients with
GOLD group C in order to evaluate correlation and
predictive relationship between bEo and sEo, as well as
the impact of bEo on outcome of COPD exacerbations.

Most COPD exacerbations are associated with
neutrophilic airways inflammation due to viral or
bacterial infection, but increased sputum eosinophil
counts may also be seen during exacerbations,
especially in the presence of a viral infection (20). In
the Copenhagen study, patients with COPD with higher
bEo were more likely to have reported more infections
and wheezing during colds, suggesting they may have
had increased susceptibility to viral infection (21).
The increased bEo count may reflect a past history of
more frequent exacerbations with respiratory viruses
(20) that are generally associated with more severe
exacerbations and prolonged recovery (22). However,
there is no evidence that the airway inflammatory
profile is different between moderate and severe
exacerbations, as currently defined clinically (20). In
http://saliniana.com.ba
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our study 37.5% of patients showed elevated sEo and
bEo, but had no signs of acute infection. Furthermore,
those patients showed more frequent exacerbations
during last year than patients with low sEo or bEo
(Table I). These indicate that a certain number of COPD
patients could show an eosinophil elevation phenotype
during exacerbations, which cannot be explained by
infectious causes. Also other authors concluded that
more information is needed on how sEo or bEo changed
with time and how they were related to exacerbation
triggers and their recovery (20). Further investigations
of the COPD patients’ subpopulation with elevated
eosinophils only during exacerbations are warranted.

Several studies also investigated the predictive value of
sEo and bEo on exacerbation risk and clinical response
to ICS (6, 23, 24), as well as on pulmonary function (25).
It is described that bEo could predict exacerbation risk
and the clinical response to ICS (6) and might represent
an informative biomarker for exacerbation reduction
with ICS/LABA in patients with COPD and a history
of moderate/severe exacerbations (23). bEo could be
used as a biomarker in severe COPD exacerbations for
predicting higher readmission rates (24). Also, many
other previous studies have consistently demonstrated
that high bEo was associated with better response to
ICS (21, 23, 25-29). Furthermore, baseline bEo ≥2%
could identify a group of COPD patients with slower
rates of decline in FEV1 when treated with ICS (25).
bEo at screening were related to the exacerbation rate
after complete ICS withdrawal in patients with severe
to very severe COPD and a history of exacerbations
and bEo of 4% or greater or 300 cells per μL or more
might identify patients with a deleterious effect of ICS
withdrawal (30). Also, higher bEo at admission for
a COPD exacerbation was associated with increased
COPD readmission rates in patients with infrequent
COPD hospitalizations (31) and may be predictive
of favourable response to therapy with steroids and
bronchodilators (32). On the contrary, some studies
have shown that the majority of COPD patients had
circulating eosinophils >2% and a significant association
with the risk of severe COPD exacerbations or response
to inhaled corticosteroids was not demonstrated (33).
Furthermore, regardless of the cutoff, COPD patients
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with elevated bEo exhibited no specific characteristic
in terms of symptoms, lung function, exacerbation rate,
and prognosis (34). Nevertheless, our study confirmed
that COPD patients with higher both sEo and bEo during
exacerbation showed higher number of exacerbations,
but less frequent necessity for hospitalisation due to
exacerbation, and shorter hospitalisation in comparison
to patients lower sEo and bEo (Table I).
At the same time, results from studies investigating
bEo and sEo correlation in COPD patients are also
inconsistent. Although relationship between sEo and
bEo has been found in COPD (35), the association is still
generally weak (Bafedhel 2011). sEo could be a better
biomarker than high concentrations of bEo to identify
a patient subgroup with more severe COPD, more
frequent exacerbations, and increased emphysema by
quantitative computed tomography (36). In our study,
bEo correlated to sEo (graph 1) and relative peripheral
blood eosinophilia predicted sputum eosinophilia
at a threshold of ≥4% with specificity of 83.56% and
sensitivity of 93.83% (graph 2). Similar results were
published by Negewo and collaborates who found that
bEo correlated with both the percentage and number
of sEo and absolute bEo was predictive of sEo. In their
study, specificity and sensitivity were 76% and 60%,
respectively at a bEo threshold of ≥0.3×109/L. The bEo
threshold of ≥0.4×109/L had similar classifying ability
but better specificity (91.7%) (10).
Our study has some advantages and disadvantages.
The advantages are: number of patients in groups is
satisfactory, groups are homogenous (group C) and
there was no droupout of patients. The disadvantage
is that the COPD comorbidity with asthma with not
excluded, which is otherwise quite demanding and
sometimes even impossible in a specific moment. So
the results could be applicated on GOLD group C of
COPD only.

In conclusion, during COPD exacerbation, relative
bEo of ≥4% might identify sputum eosinophilia and
indicate better outcome of COPD exacerbation. Further
investigations are needed to predict eosinophilic
exacerbation in COPD patients, with prior absence of
sputum or blood eosinophilia.
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