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Abstract: Blood eosinophils measurement, as proxy for tissue eosinophils, has become an important
biomarker for exacerbation risk and response to inhaled corticosteroids (ICS) in Chronic Obstructive
Pulmonary Disease (COPD). Its use to determine the pharmacological approach is recommended
in the latest COPD guidelines. The potential role of blood eosinophils is mainly based on data
derived from post-hoc and retrospective analyses that showed an association between increased
blood eosinophils and risk of exacerbations, as well as mitigation of this risk with ICS. Yet other
publications, including studies in real life COPD, do not confirm these assumptions. Moreover,
anti-eosinophil therapy targeting interleukin (IL)-5 failed to reduce exacerbations in COPD patients
with high blood eosinophils, which casts significant doubts on the role of eosinophils in COPD.
Furthermore, a reduction of eosinophils might be harmful since COPD patients with relatively high
eosinophils have better pulmonary function, better life quality, less infections and longer survival.
These effects are probably linked to the role of eosinophils in the immune response against pathogens.
In conclusion, in COPD, high blood eosinophils are widely used as a biomarker for exacerbation risk
and response to ICS. However, much is yet to be learned about the reasons for the high eosinophil
counts, their variations and their controversial effects on the fate of COPD patients.
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1. Introduction

In the last few years, there has been a large number of publications about the possible role of
blood eosinophils in both the prediction and treatment of chronic obstructive pulmonary disease
(COPD) exacerbations. At the present time an increased number of eosinophils in blood, a possible
biomarker for eosinophilic airway inflammation, has been used as a treatable trait in the management
of COPD exacerbations [1,2]. The importance given to the role of eosinophils in COPD [3] stimulated
the proposal of biological medications in order to diminish blood eosinophil numbers [4-8], but is
there a solid base for these considerations?

2. Background

The potential role of blood eosinophils in COPD patients is based on data mainly derived from
post-hoc and retrospective analyses of several large COPD clinical trials. Most of these studies, in which
history of asthma was not systematically excluded, showed an association between an increased blood
eosinophil count and risk of exacerbations, as well as mitigation of this risk with inhaled corticosteroids
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(ICS) [9-18]. A recent post-hoc analysis by Bafadhel et al. [19], in which subjects with a history of
asthma were excluded, confirmed the use of the peripheral blood eosinophil count as a predictor
of exacerbation risk and ICS treatment response in patients with COPD. The value of high blood
eosinophils in predicting the exacerbation risk in COPD has also been examined in a recent large
population study, which showed that the risk of both moderate and severe exacerbations was increased
with higher eosinophil counts, but the effects were more pronounced in the severe exacerbation group.
This might indicate that these patients may have a distinct inflammatory profile, making them more
susceptible to develop severe events [10,20].

Taken together, these and other studies [21,22] support a relationship between blood eosinophil
counts, COPD exacerbations and potential response to inhaled steroids in patients with COPD and
history of exacerbations. These associations may indicate that eosinophils have a deleterious effect in
COPD, however this does not necessarily imply a pathobiological role of eosinophils in the genesis
of exacerbations.

The role of eosinophils as a biomarker to guide the response to inhaled steroids in COPD patients
has been recently challenged [23-26]. In the ISOLDE study, the effect of ICS on the exacerbation rate
was better in the COPD group with lower eosinophils than in the group with higher eosinophils [23].
Furthermore, treatment with LABA/LAMA (long-acting {32-agonist/long-acting muscarinic antagonist)
in the FLAME study was shown to be more effective than treatment with inhaled steroids in preventing
COPD exacerbations regardless of the level, high or low, of blood eosinophils [24,25].

These controversial results might be due in part to the inclusion of patients with a history of asthma
in many of these trials [9,12,15], which emphasizes the need for prospective long term studies on the
possible role of blood eosinophils in the clinical outcomes of patients with pure COPD, i.e., patients
without prior history of asthma. In fact, subjects with past history of asthma would still be likely to
manifest many of the pathophysiological and inflammatory fingerprints of the original disease. Indeed,
we have previously shown that patients with fixed airway obstruction and history of asthma maintain
the typical pathological features of asthma (increased eosinophilic inflammation and thickened basal
membrane), even when the fixed airway obstruction is well established [27].

For these reasons, it would be helpful that in future studies designed to assess the role of
eosinophils in COPD, patients with COPD and previous history of asthma are analyzed as a separate
group and compared with a COPD group without history of asthma.

3. Eosinophil Levels as a Biomarker

There is still no clear agreement at present on which level of blood eosinophilia should be used to
guide preventive treatment with inhaled steroids. Recent publications recommend that for patients
with one moderate exacerbation/year and blood eosinophils of 100-300 cells pL.~!, inhaled steroids
should be considered [28].

But what is the normal level of blood eosinophils in the normal population and in smokers
with and without COPD? In a group of 512 “real life” smokers (i.e., smokers not selected for
having prior exacerbations) with and without COPD and no history of asthma, blood eosinophils
were measured yearly for 5 years [29]. Blood eosinophil values were similar in smokers with
COPD (median, interquartile range: 156, 101-250 cells pL~!) and in those without COPD (160,
107-256 cells uL.~!) (Figure 1), and these values were no different from those in normal populations [10].
Thus the recommendation of treating COPD patients based on a value of blood eosinophils above
100 cells L=t [3] would practically mean that the majority of COPD patients (about 75%) would be
considered for treatment. In the study by Turato et al. [29], only a small percentage (3.3%) of smokers
had blood eosinophil numbers exceeding the upper limit of normality (500 pL~!) [30], a percentage
markedly lower than the 30% reported with asthma [31]. This suggests that COPD patients with blood
eosinophils greater than 500 uL~! at baseline might be asthmatics and possibly should be excluded
from COPD trials, as done in the FLAME study where patients with a blood eosinophil count of
>600 uL~! were excluded [24].
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Figure 1. Distribution of blood eosinophils. Blood eosinophils distributions (in the blood sample
obtained at patients recruitment) in a group of “real life” smokers followed for 5 years. (A) Smokers
with chronic obstructive pulmonary disease (COPD) (n = 303) median, interquartile range: 156,
101-250 eosinophils uL~1. (B) Smokers without COPD (n = 209) median, interquartile range: 160,
107-256 eosinophils a1

A further important consideration when contemplating treatment choices based on a single
blood eosinophil count, is that blood eosinophils are very variable, particularly when using higher
(>300 cells uL™1) thresholds [2,29,32]. This is a significant issue not taken into consideration when
assessing the role of a single blood eosinophil value in treatment decisions.

In spite of the previous observations it is presently believed, based on data derived mainly
from post-hoc analyses of large COPD trials, that high (>2%) blood eosinophils (equivalent to
about >150 cells uL~!) are a useful biomarker for the prediction of frequent exacerbations and their
prevention with the use of inhaled steroids [9,13,14,23]. However, it should be mentioned that most
studies showing an association between frequency of COPD exacerbations, blood eosinophils and ICS
response, have been done in patients selected for having a prior history of exacerbation. In studies
in which patients were not selected for having previous exacerbations (real life COPD) [26,29,33],
the exacerbation rate was not related to the number of blood eosinophils, a finding in agreement
with previous publications where circulating eosinophils failed to predict future risk of COPD
exacerbations [34,35].

We believe that studying “real life” patients is relevant, since it has been suggested that COPD
patients selected for large research trials may represent only about 7% of patients in real life routine
care [36], which raises the question of to what extent research trial data can be extrapolated to the
entire COPD population.

4. Eosinophil Function in COPD

What could blood eosinophils in COPD tell us? Why should they be treated? Are they a reflection
of the number of eosinophils in the airways and lung parenchyma as originally postulated? Studies
comparing blood eosinophil numbers with numbers in large airways, small airways and parenchyma
failed to show a correlation between blood and tissue eosinophils [29,37], thus we cannot assume that
we are treating the possible tissue component, eosinophilia, in the prevention of exacerbations.

Even if tissue eosinophilia is not reflected by the blood values in COPD, it has been shown that
eosinophils could be part of the inflammatory reaction seen in bronchial biopsies of exacerbated,
but not in non-exacerbated COPD subjects with chronic bronchitis [38]. The airway eosinophilia in
these cases was associated with an increase in RANTES (regulated upon activation normal T-cell
expressed and secreted), a chemokine that recruits all inflammatory cells, including eosinophils, to sites
of inflammation, however, at difference with asthma, was not associated to an increased expression of
interleukin (IL)-5 [39,40]. These findings suggest that the mechanisms of eosinophils recruitment and
their function in COPD exacerbations are different from those active in asthma. There is evidence that



J. Clin. Med. 2019, 8, 962 40f8

eosinophils have a function in the adaptive host response to viral pathogens [41] and it has been shown
that the increase in sputum eosinophilia during exacerbations of COPD is related to viral loads [42].
These findings suggest that the mechanism of tissue eosinophilic inflammation in COPD might be
a response to infection, mainly viral, recruited by RANTES and without involvement of IL-5. Thus,
therapies geared to control IL-5 function in COPD could be misguided.

Interestingly blood eosinophils in COPD patients, even if well within normal limits, might have
a paradoxical beneficial effect. It has been found that COPD subjects with eosinophil count >2% had
a better pulmonary function, a better quality of life (St. George’s respiratory questionnaire) with
fewer symptoms (modified medical research council questionnaire) and a lower BODE index [2],
less comorbidities [43], and lesser rate of emphysema progression than subjects with eosinophil count
<2% [2]. Furthermore, the risk of pneumonia in COPD patients, irrespective of the administration of
inhaled steroids, was higher in patients with <2% than in those with >2% blood eosinophil count [44].
Moreover eosinopenia was associated with an increased risk of sepsis [45] and a worse outcome in
patients presenting with an acute exacerbation of COPD [46,47]. These effects may be explained by the
biological functions of eosinophils, that are first line players in the innate immune response against
infections through their microbicidal function and their capability to act as antigen-presenting cells as
well as to amplify the Th1 response [30,41,48].

These beneficial effects of blood eosinophilia are in line with the observation [29,33] that subjects
with persistently high blood eosinophils had a better survival rate than those with persistently
low or variable blood eosinophils, as shown in Figure 2.Possibly, this finding is the result of the
multiple beneficial effects reported in COPD patients with high eosinophil count, better lung function,
less symptoms, less pneumonia, less comorbidities, which combined would allow for a better survival.
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Figure 2. Survival in relation to blood eosinophil. Kaplan-Meier plots showing survival in smokers
with blood eosinophils persistently <150 cells uL. !, persistently >150 cells uL.~! and variable (oscillating
above and below 150 cells pL~!) over the 5 yearly blood samples. p-value < 0.01.

Based on the reported effectiveness of inhaled steroids in exacerbations reduction, it was
hypothesized that diminishing the numbers of blood eosinophils using biological medications might
have been beneficial [5-8]. Treatment with IL-5 monoclonal antibody mepolizumab showed minimal
efficacy in one of the two treated groups of eosinophilic COPD patients but not in the other [6].
Moreover, another targeted anti-eosinophil therapy, the anti-IL-5 receptor-« benralizumab, failed to
reduce exacerbations in COPD patients with high blood eosinophils (>300 cells ul™1) and showed
a tendency to increase exacerbations in patients with low eosinophils [7], a result confirmed by the
recent GALATHEA and TERRANOVA trials [8]. Both these trials reported a substantial depletion of
blood and sputum eosinophils that, unlike the results observed in benralizumab-treated asthma [49,50],
did not reduce the annualized exacerbation rate among COPD patients [8]. Thus, reducing blood
eosinophil counts, which is considered a treatable trait in COPD [1], does not improve patient’s
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outcome, which underlines the complexity of the disease and the multifactorial mechanisms of COPD
exacerbations [20].

It is of interest that, in contrast with the studies that used biologicals, the use of inhaled steroids
might reduce exacerbations in COPD subjects with high eosinophil counts but will not reduce the
blood eosinophil numbers [51], which indicates that much has to be learned about the reasons for the
high eosinophil counts, their variations and their controversial effects on the fate of COPD patients.

5. Conclusions

There is a growing consensus that the blood eosinophil count in COPD is a useful biomarker for the
risk of exacerbations and response to ICS, however this is not supported by all trials. These discrepancies
might be due to differences in the patient characteristics included in the studies. New clinical trials
that would stratify patients according to blood eosinophil counts and compare COPD patients with
and without previous history of asthma, might clarify this important issue. The variability of blood
eosinophils, particularly when using higher (>300 uL.~!) thresholds, is a significant issue when assessing
the role of a single blood eosinophil value in treatment decisions.

The fact that ICS reduce exacerbation risk without reducing blood eosinophil numbers while
biological medications reduce eosinophil numbers without reducing exacerbations underscores the
need for a better understanding of the role of eosinophil in COPD. It also suggests that the role of
eosinophil in asthma is distinct from the role of eosinophil in COPD.

A final piece of information to be considered is that high blood eosinophils do not reflect lung
tissue eosinophils, are not necessarily associated with worse outcomes and might even be beneficial.

Author Contributions: Conceptualization M.T., D.B.,, M.G.C., M.S. and G.T., software E.B.; data curation E.B.,
M.T,, D.B,, U.S,; writing—original draft preparation, M.T., D.B.,, M.G.C., M.S. and G.T.; writing—review and
editing M.T., D.B., E.B.,, M.G.C., M.S. and G.T.; supervision M.G.C., M.S. and G.T.; funding acquisition, M.S.

Funding: This research was supported by the University of Padova, grant SID 2018.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Agusti, A.; Bel, E.; Thomas, M.; Vogelmeier, C.; Brusselle, G.; Holgate, S.; Humbert, M.; Jones, P.; Gibson, P.G.;
Vestbo, J.; et al. Treatable traits: Toward precision medicine of chronic airway diseases. Eur. Respir. ]. 2016,
47,410-419. [CrossRef] [PubMed]

2. Singh, D.; Kolsum, U.; Brightling, C.E.; Locantore, N.; Agusti, A.; Tal-Singer, R. ECLIPSE investigators.
Eosinophilic inflammation in COPD: Prevalence and clinical characteristics. Eur. Respir. ]. 2014, 44, 1697-1700.
[CrossRef] [PubMed]

3. Singh, D.; Agusti, A.; Anzueto, A.; Barnes, P].; Bourbeau, J.; Celli, B.R.; Criner, G.J.; Frith, P.; Halpin, DM.G.;
Han, M.; et al. Global Initiative for Chronic Obstructive Lung Disease Global strategy for the diagnosis,
management and prevention of chronic obstructive pulmonary disease. Eur. Respir. J. 2019, 53, 1900164.
[CrossRef] [PubMed]

4. Fabbri, L.M. Benralizumab: For asthma, not yet for COPD. Lancet Respir. Med. 2014, 2, 862-863. [CrossRef]

5. Dasgupta, A.; Kjarsgaard, M.; Capaldi, D.; Radford, K.; Aleman, F.; Boylan, C.; Altman, L.C.; Wight, T.N;
Parraga, G.; O'Byrne, PM.; et al. A pilot randomised clinical trial of mepolizumab in COPD with eosinophilic
bronchitis. Eur. Respir. ]. 2017, 49, 1602486. [CrossRef] [PubMed]

6. Pavord, I.D.; Chanez, P.; Criner, G.J.; Kerstjens, H.A.; Korn, S.; Lugogo, N.; Martinot, J.-B.; Sagara, H.;
Albers, F.C.; Bradford, E.S.; et al. Mepolizumab for eosinophilic chronic obstructive pulmonary disease.
N. Engl. ]. Med. 2017, 377, 1613-1629. [CrossRef]

7. Brightling, C.E.; Bleecker, E.R.; Panettieri, R.A.; Bafadhel, M.; She, D.; Ward, C.K.; Xu, X,; Birrell, C.; Van Der
Merwe, R. Benralizumab for chronic obstructive pulmonary disease and sputum eosinophilia: A randomised,
double-blind, placebo-controlled, phase 2a study. Lancet Respir. Med. 2014, 2, 891-901. [CrossRef]

8.  Criner, G.J.; Celli, B.R,; Brightling, C.E.; Agusti, A.; Papi, A.; Singh, D.; Sin, D.D.; Vogelmeier, C.F.; Sciurba, F.C.;
Bafadhel, M.; et al. Benralizumab for the prevention of COPD exacerbations. N. Engl. ]. Med. 2019. [CrossRef]


http://dx.doi.org/10.1183/13993003.01359-2015
http://www.ncbi.nlm.nih.gov/pubmed/26828055
http://dx.doi.org/10.1183/09031936.00162414
http://www.ncbi.nlm.nih.gov/pubmed/25323230
http://dx.doi.org/10.1183/13993003.00164-2019
http://www.ncbi.nlm.nih.gov/pubmed/30846476
http://dx.doi.org/10.1016/S2213-2600(14)70225-5
http://dx.doi.org/10.1183/13993003.02486-2016
http://www.ncbi.nlm.nih.gov/pubmed/28298405
http://dx.doi.org/10.1056/NEJMoa1708208
http://dx.doi.org/10.1016/S2213-2600(14)70187-0
http://dx.doi.org/10.1056/NEJMoa1905248

J. Clin. Med. 2019, 8, 962 60f8

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Pascoe, S.; Locantore, N.; Dransfield, M.T.; Barnes, N.C.; Pavord, I.D. Blood eosinophil counts, exacerbations,
and response to the addition of inhaled fluticasone furoate to vilanterol in patients with chronic obstructive
pulmonary disease: A secondary analysis of data from two parallel randomised controlled trials. Lancet
Respir. Med. 2015, 3, 435-442. [CrossRef]

Vedel-Krogh, S.; Nielsen, S.F; Lange, P.; Vestbo, ].; Nordestgaard, B.G. Blood eosinophils and exacerbations
in chronic obstructive pulmonary disease. The Copenhagen general population study. Am. J. Respir. Crit.
Care Med. 2016, 193, 965-974. [CrossRef]

Siddiqui, S.H.; Guasconi, A.; Vestbo, J.; Jones, P; Agusti, A.; Paggiaro, P; Wedzicha, J.A.; Singh, D.
Blood eosinophils: A biomarker of response to extrafine beclomethasone/formoterol in chronic obstructive
pulmonary disease. Am. |. Respir. Crit. Care Med. 2015, 192, 523-525. [CrossRef] [PubMed]

Lipson, D.A.; Barnhart, F; Brealey, N.; Brooks, J.; Criner, G.J.; Day, N.C.; Dransfield, M.T.; Halpin, DM.G.;
Han, M.K;; Jones, C.E; et al. Once-daily single-inhaler triple versus dual therapy in patients with COPD.
N. Engl. ]. Med. 2018, 378, 1671-1680. [CrossRef] [PubMed]

Pavord, 1.D,; Lettis, S.; Locantore, N.; Pascoe, S.; Jones, PW.; Wedzicha, ]J.A.; Barnes, N.C. Blood eosinophils
and inhaled corticosteroid/long-acting 12-2 agonist efficacy in COPD. Thorax 2016, 71, 118-125. [CrossRef]
[PubMed]

Watz, H.; Tetzlaff, K.; Wouters, E.EM.; Kirsten, A.; Magnussen, H.; Rodriguez-Roisin, R.; Vogelmeier, C.;
Fabbri, L.M.; Chanez, P; Dahl, R.; et al. Blood eosinophil count and exacerbations in severe chronic
obstructive pulmonary disease after withdrawal of inhaled corticosteroids: A post-hoc analysis of the
WISDOM trial. Lancet Respir. Med. 2016, 4, 390-398. [CrossRef]

Suissa, S.; Dell’Aniello, S.; Ernst, P. Comparative effectiveness of LABA-ICS versus LAMA as initial treatment
in COPD targeted by blood eosinophils: A population-based cohort study. Lancet Respir. Med. 2018, 6,
855-862. [CrossRef]

Cheng, S.-L.; Lin, C.-H. Effectiveness using higher inhaled corticosteroid dosage in patients with COPD by
different blood eosinophilic counts. Int. |. Chronic Obstr. Pulm. Dis. 2016, 11, 2341-2348. [CrossRef]
Kerkhof, M.; Sonnappa, S.; Postma, D.S.; Brusselle, G.; Agusti, A.; Anzueto, A ; Jones, R,; Papi, A.; Pavord, L;
Pizzichini, E.; et al. Blood eosinophil count and exacerbation risk in patients with COPD. Eur. Respir. |. 2017,
50, 1700761. [CrossRef]

Siddiqui, S.H.; Pavord, 1.D.; Barnes, N.C.; Guasconi, A.; Lettis, S.; Pascoe, S.; Petruzzelli, S. Blood eosinophils:
A biomarker of COPD exacerbation reduction with inhaled corticosteroids. Int. . Chronic Obstr. Pulm. Dis.
2018, 13, 3669-3676. [CrossRef]

Bafadhel, M.; Peterson, S.; De Blas, M.A_; Calverley, PM.; Rennard, S.I.; Richter, K.; Fageras, M. Predictors
of exacerbation risk and response to budesonide in patients with chronic obstructive pulmonary disease:
A post-hoc analysis of three randomised trials. Lancet Respir. Med. 2018, 6, 117-126. [CrossRef]

Wedzicha, J.A. Eosinophils as biomarkers of chronic obstructive pulmonary disease exacerbation risk. Maybe
just for some? Am. J. Respir. Crit. Care Med. 2016, 193, 937-938. [CrossRef]

Saha, S.; Brightling, C.E. Eosinophilic airway inflammation in COPD. Int. |. Chronic Obstr. Pulm. Dis. 2006, 1,
39-47. [CrossRef]

Bafadhel, M.; McKenna, S.; Terry, S.; Mistry, V.; Reid, C.; Haldar, P.; McCormick, M.; Haldar, K.; Kebadze, T.;
Duvoix, A.; et al. Acute exacerbations of chronic obstructive pulmonary disease: Identification of biologic
clusters and their biomarkers. Am. J. Respir. Crit. Care Med. 2011, 184, 662-671. [CrossRef] [PubMed]
Barnes, N.C.; Sharma, R.; Lettis, S.; Calverley, PM. Blood eosinophils as a marker of response to inhaled
corticosteroids in COPD. Eur. Respir. J. 2016, 47, 1374-1382. [CrossRef] [PubMed]

Wedzicha, ].A.; Banerji, D.; Chapman, K.R.; Vestbo, J.; Roche, N.; Ayers, R.T.; Thach, C.; Fogel, R.; Patalano, F.;
Vogelmeier, C.F. FLAME Investigators. Indacaterol-glycopyrronium versus salmeterol-fluticasone for COPD.
N. Engl. ]. Med. 2016, 374, 2222-2234. [CrossRef] [PubMed]

Roche, N.; Vogelmeier, C.F; Herth, E].E; Thach, C.; Fogel, R.; Olsson, P; Patalano, F; Banerji, D.;
Chapman, K.R.; Wedzicha, J.A. Blood eosinophils and response to maintenance COPD treatment: Data from
the FLAME trial. Am. |. Respir. Crit. Care Med. 2017, 195, 1189-1197. [CrossRef] [PubMed]

Suissa, S.; Dell’Aniello, S.; Ernst, P. Comparative effectiveness and safety of LABA-LAMA vs LABA-ICS
treatment of COPD in real-world clinical practice. Chest 2019, 155, 1158-1165. [CrossRef]


http://dx.doi.org/10.1016/S2213-2600(15)00106-X
http://dx.doi.org/10.1164/rccm.201509-1869OC
http://dx.doi.org/10.1164/rccm.201502-0235LE
http://www.ncbi.nlm.nih.gov/pubmed/26051430
http://dx.doi.org/10.1056/NEJMoa1713901
http://www.ncbi.nlm.nih.gov/pubmed/29668352
http://dx.doi.org/10.1136/thoraxjnl-2015-207021
http://www.ncbi.nlm.nih.gov/pubmed/26585525
http://dx.doi.org/10.1016/S2213-2600(16)00100-4
http://dx.doi.org/10.1016/S2213-2600(18)30368-0
http://dx.doi.org/10.2147/COPD.S115132
http://dx.doi.org/10.1183/13993003.00761-2017
http://dx.doi.org/10.2147/COPD.S179425
http://dx.doi.org/10.1016/S2213-2600(18)30006-7
http://dx.doi.org/10.1164/rccm.201601-0015ED
http://dx.doi.org/10.2147/copd.2006.1.1.39
http://dx.doi.org/10.1164/rccm.201104-0597OC
http://www.ncbi.nlm.nih.gov/pubmed/21680942
http://dx.doi.org/10.1183/13993003.01370-2015
http://www.ncbi.nlm.nih.gov/pubmed/26917606
http://dx.doi.org/10.1056/NEJMoa1516385
http://www.ncbi.nlm.nih.gov/pubmed/27181606
http://dx.doi.org/10.1164/rccm.201701-0193OC
http://www.ncbi.nlm.nih.gov/pubmed/28278391
http://dx.doi.org/10.1016/j.chest.2019.03.005

J. Clin. Med. 2019, 8, 962 7of 8

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Fabbri, L.M.; Romagnoli, M.; Corbetta, L.; Casoni, G.L.; Busljetic, K.; Turato, G.; Ligabue, G.; Ciaccia, A.;
Saetta, M.; Papi, A. Differences in airway inflammation in patients with fixed airflow obstruction due
to asthma or chronic obstructive pulmonary disease. Am. . Respir. Crit. Care Med. 2003, 167, 418-424.
[CrossRef]

Agusti, A.; Fabbri, L.M.; Singh, D.; Vestbo, J.; Celli, B.; Franssen, EM.; Rabe, K.F; Papi, A. Inhaled
corticosteroids in COPD: Friend or foe? Eur. Respir. . 2018, 52, 1801219. [CrossRef]

Turato, G.; Semenzato, U.; Bazzan, E.; Biondini, D.; Tine, M.; Torrecilla, N.; Forner, M.; Marin, ]. M.; Cosio, M.G.;
Saetta, M. Blood eosinophilia neither reflects tissue eosinophils nor worsens clinical outcomes in chronic
obstructive pulmonary disease. Am. |. Respir. Crit. Care Med. 2018, 197, 1216-1219. [CrossRef]

Eng, S.S.; De Felice, M.L. The role and immunobiology of eosinophils in the respiratory system:
A comprehensive review. Clin. Rev. Allergy Immunol. 2016, 50, 140-158. [CrossRef]

Ortega, H.G.; Yancey, S.W.; Mayer, B.; Gunsoy, N.B.; Keene, O.N.; Bleecker, E.R.; Brightling, C.E,;
Pavord, I.D. Severe eosinophilic asthma treated with mepolizumab stratified by baseline eosinophil thresholds:
A secondary analysis of the DREAM and MENSA studies. Lancet Respir. Med. 2016, 4, 549-556. [CrossRef]
Henskens, Y.; Wouters, E.EEM.; De Vries, E.; Oshagbemi, O.A.; Burden, A.M.; Franssen, EM.E.; Braeken, D.C;
Driessen, ].H.; Der Zee, A.H.M.-V. Stability of blood eosinophils in COPD and controls and the impact of
gender, age, smoking and baseline counts. Am. J. Respir. Crit. Care Med. 2017, 195, 1402-1404.

Casanova, C.; Celli, B.R.; De-Torres, J.P; Martinez-Gonzalez, C.; Cosio, B.G.; Pinto-Plata, V.; De
Lucas-Ramos, P; Divo, M,; Fuster, A.; Peces-Barba, G.; et al. Prevalence of persistent blood eosinophilia:
Relation to outcomes in patients with COPD. Eur. Respir. ]. 2017, 50, 1701162. [CrossRef] [PubMed]

Adir, Y.; Hakrush, O.; Shteinberg, M.; Schneer, S.; Agusti, A. Circulating eosinophil levels do not predict
severe exacerbations in COPD: A retrospective study. ER] Open Res. 2018, 4,00022-2018. [CrossRef] [PubMed]
Zysman, M.; Deslee, G.; Caillaud, D.; Chanez, P; Escamilla, R.; Court-Fortune, I.; Nesme-Meyer, P; Pérez, T.;
Paillasseur, J.-L.; Pinet, C.; et al. Relationship between blood eosinophils, clinical characteristics, and
mortality in patients with COPD. Int. |. Chronic Obstr. Pulm. Dis. 2017, 12, 1819-1824. [CrossRef] [PubMed]
Herland, K.; Akselsen, ].-P,; Skjensberg, O.H.; Bjermer, L. How representative are clinical study patients with
asthma or COPD for a larger “real life” population of patients with obstructive lung disease? Respir. Med.
2005, 99, 11-19. [CrossRef] [PubMed]

Rabe, K.F,; Watz, H.; Baraldo, S.; Pedersen, E; Biondini, D.; Bagul, N.; Hanauer, G.; Gohring, U.-M.;
Purkayastha, D.; Romadn, J.; et al. Anti-inflammatory effects of roflumilast in chronic obstructive pulmonary
disease (ROBERT): A 16-week, randomised, placebo-controlled trial. Lancet Respir. Med. 2018, 6, 827-836.
[CrossRef]

Saetta, M.; Di Stefano, A.; Maestrelli, P.; Turato, G.; Ruggieri, M.P,; Roggeri, A.; Calcagni, P.; Mapp, C.E.;
Ciaccia, A.; Fabbri, L.M. Airway eosinophilia in chronic bronchitis during exacerbations. Am. J. Respir. Crit.
Care Med. 1994, 150, 1646-1652. [CrossRef]

Saetta, M.; Di Stefano, A.; Maestrelli, P.; Turato, G.; Mapp, C.; Pieno, M.; Zanguochi, G.; Del Prete, G;
Fabbri, L.M. Airway eosinophilia and expression of interleukin-5 protein in asthma and in exacerbations of
chronic bronchitis. Clin. Exp. Allergy 1996, 26, 766-774. [CrossRef]

Zhu, ].; Qiu, Y.S,; Majumdar, S.; Gamble, E.; Matin, D.; Turato, G.; Fabbri, L.M.; Barnes, N.; Saetta, M.;
Jeffery, PK. Exacerbations of Bronchitis: Bronchial eosinophilia and gene expression for interleukin-4,
interleukin-5, and eosinophil chemoattractants. Am. J. Respir. Crit. Care Med. 2001, 164, 109-116. [CrossRef]
Ravin, K.A.; Loy, M. The eosinophil in infection. Clinic. Rev. Allergy Immunol. 2016, 50, 214-227. [CrossRef]
[PubMed]

Papi, A.; Bellettato, C.M.; Braccioni, F.; Romagnoli, M.; Casolari, P.; Caramori, G.; Fabbri, L.M.; Johnston, S.L.
Infections and airway inflammation in chronic obstructive pulmonary disease severe exacerbations. Am. J.
Respir. Crit. Care Med. 2006, 173, 1114-1121. [CrossRef] [PubMed]

Di Santostefano, R.L.; Hinds, D.; Van Le, H.; Barnes, N.C. Relationship between blood eosinophils and
clinical characteristics in a cross-sectional study of a US population-based COPD cohort. Respir. Med. 2016,
112, 88-96. [CrossRef] [PubMed]

Pavord, I.D,; Lettis, S.; Anzueto, A.; Barnes, N. Blood eosinophil count and pneumonia risk in patients with
chronic obstructive pulmonary disease: A patient-level meta-analysis. Lancet Respir. Med. 2016, 4, 731-741.
[CrossRef]


http://dx.doi.org/10.1164/rccm.200203-183OC
http://dx.doi.org/10.1183/13993003.01219-2018
http://dx.doi.org/10.1164/rccm.201708-1684LE
http://dx.doi.org/10.1007/s12016-015-8526-3
http://dx.doi.org/10.1016/S2213-2600(16)30031-5
http://dx.doi.org/10.1183/13993003.01162-2017
http://www.ncbi.nlm.nih.gov/pubmed/29167301
http://dx.doi.org/10.1183/23120541.00022-2018
http://www.ncbi.nlm.nih.gov/pubmed/30083552
http://dx.doi.org/10.2147/COPD.S129787
http://www.ncbi.nlm.nih.gov/pubmed/28694695
http://dx.doi.org/10.1016/j.rmed.2004.03.026
http://www.ncbi.nlm.nih.gov/pubmed/15672843
http://dx.doi.org/10.1016/S2213-2600(18)30331-X
http://dx.doi.org/10.1164/ajrccm.150.6.7952628
http://dx.doi.org/10.1111/j.1365-2222.1996.tb00606.x
http://dx.doi.org/10.1164/ajrccm.164.1.2007050
http://dx.doi.org/10.1007/s12016-015-8525-4
http://www.ncbi.nlm.nih.gov/pubmed/26690368
http://dx.doi.org/10.1164/rccm.200506-859OC
http://www.ncbi.nlm.nih.gov/pubmed/16484677
http://dx.doi.org/10.1016/j.rmed.2016.01.013
http://www.ncbi.nlm.nih.gov/pubmed/26872700
http://dx.doi.org/10.1016/S2213-2600(16)30148-5

J. Clin. Med. 2019, 8, 962 8of8

45.

46.

47.

48.

49.

50.

51.

Shaaban, H.; Daniel, S.; Sison, R.; Slim, J.; Perez, G. Eosinopenia: Is it a good marker of sepsis in comparison
to procalcitonin and C-reactive protein levels for patients admitted to a critical care unit in an urban hospital?
J. Crit. Care 2010, 25, 570-575. [CrossRef] [PubMed]

Holland, M.; Alkhalil, M.; Chandromouli, S.; Janjua, A.; Babores, M. Eosinopenia as a marker of mortality and
length of stay in patients admitted with exacerbations of chronic obstructive pulmonary disease. Respirology
2010, 15, 165-167. [CrossRef] [PubMed]

Steer, J.; Gibson, J.; Bourke, S.C. The DECAF Score: Predicting hospital mortality in exacerbations of chronic
obstructive pulmonary disease. Thorax 2012, 67, 970-976. [CrossRef]

Liao, W.; Long, H.; Chang, C.C.; Lu, Q. The eosinophil in health and disease: From bench to bedside and
back. Clin. Rev. Allergy Immunol. 2016, 50, 125-139. [CrossRef]

Bleecker, E.R,; FitzGerald, ].M.; Chanez, P,; Papi, A.; Weinstein, S.E; Barker, P.; Sproule, S.; Gilmartin, G.;
Aurivillius, M.; Werkstrém, V.; et al. Efficacy and safety of benralizumab for patients with severe
asthma uncontrolled with high-dosage inhaled corticosteroids and long-acting 32-agonists (SIROCCO):
A randomised, multicentre, placebo-controlled phase 3 trial. Lancet 2016, 388, 2115-2127. [CrossRef]
FitzGerald, ].M.; Bleecker, E.R.; Nair, P,; Korn, S.; Ohta, K.; Lommatzsch, M.; Ferguson, G.T.; Busse, WW.;
Barker, P; Sproule, S.; et al. Benralizumab, an anti-interleukin-5 receptor & monoclonal antibody, as add-on
treatment for patients with severe, uncontrolled, eosinophilic asthma (CALIMA): A randomised, double-blind,
placebo-controlled phase 3 trial. Lancet 2016, 388, 2128-2141. [CrossRef]

Kreindler, J.L.; Watkins, M.L.; Lettis, S.; Tal-Singer, R.; Locantore, N. Effect of inhaled corticosteroids on blood
eosinophil count in steroid-naive patients with COPD. BM] Open Respir. Res. 2016, 3, e000151. [CrossRef]
[PubMed]

@ © 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1016/j.jcrc.2010.03.002
http://www.ncbi.nlm.nih.gov/pubmed/20435431
http://dx.doi.org/10.1111/j.1440-1843.2009.01651.x
http://www.ncbi.nlm.nih.gov/pubmed/19947999
http://dx.doi.org/10.1136/thoraxjnl-2012-202103
http://dx.doi.org/10.1007/s12016-015-8507-6
http://dx.doi.org/10.1016/S0140-6736(16)31324-1
http://dx.doi.org/10.1016/S0140-6736(16)31322-8
http://dx.doi.org/10.1136/bmjresp-2016-000151
http://www.ncbi.nlm.nih.gov/pubmed/27651909
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Background 
	Eosinophil Levels as a Biomarker 
	Eosinophil Function in COPD 
	Conclusions 
	References

