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No evidence for additional systemic eosinophil mobilization during exacerbations in patients with COPD and chronic bronchitis but no allergy
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Background: There is published evidence that a modest increase in blood eosinophils during stable COPD indicates future risk for exacerbations and a potential utility of inhaled corticosteroids. This has been perceived as an argument for targeting systemic eosinophil mobilization to prevent exacerbations in COPD, but there are no published data on systemic eosinophil mobilization during exacerbations in patients without allergy.

Methods: We investigated long-term tobacco smokers (LTS: ≥10 pack-years) with COPD and chronic bronchitis (COPD-CB; GOLD stage 1–4; n = 47) but no allergy; LTS without COPD and CB (LTS; n = 10), and healthy never-smokers (HNS; n = 10) during stable disease for cross-sectional comparisons. For longitudinal comparisons, we followed the COPD-CB group for 15 months during stable disease and exacerbations, excluding samples affected by systemic corticosteroids. We quantified blood concentrations of eosinophils, the activity marker eosinophilic cationic protein (ECP) and the chemokine interleukin (IL)-4.

Results: During stable disease, the concentrations of eosinophils were similar for the COPD-CB and the LTS group, although higher than in the HNS group. The concentrations of ECP and IL-4 were not markedly different in the COPD-CB and LTS groups either. During exacerbations, the concentrations of eosinophils, ECP and IL-4 were not further increased, and there was even a mathematical trend towards a decrease for these concentrations.

Conclusion: The clinical evidence presented here suggests that, by average, there is no additional mobilization of eosinophils during exacerbations in patients with COPD and chronic bronchitis but no allergy. Thus, in this common phenotype, the immunological rationale for targeting systemic eosinophils during exacerbations remains unaccounted for, which motivates verification studies in large cohorts stratified for allergy and chronic bronchitis.
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1 Introduction

Chronic obstructive pulmonary disease (COPD) is the third most common cause of death at the global level, accounting for approximately 6 % of all deaths (1). Sadly, this cause of death can be expected to increase even more over time, given the global development of exposure to harmful agents like tobacco smoke, dust and particles, in combination with an aging population in many countries (1). Importantly, current pharmacotherapy in patients with COPD is not efficient enough for all clinical phenotypes and better tools for diagnosis and therapy are needed. To establish these, we need to improve the understanding of pathogenic mechanisms in distinct phenotypes of COPD.

During the last decade, it has been recognized that COPD may include several immunological endotypes, although there is limited understanding of how these relate to clinical phenotypes (1–5). However, it is known that the clinical phenotype of COPD with CB is signified by frequent exacerbations, associated with increased decline in lung function and poor long-term prognosis (1, 6–8). It is also known that exacerbations are especially common in the clinical phenotype with concomitant chronic bronchitis (9, 10). In addition, there is a growing body of evidence that the clinical phenotype with frequent exacerbations is associated with the endotype with enhanced blood concentrations of eosinophilic granulocytes (eosinophils) during stable disease, and there is published evidence that the concentrations of blood eosinophils mirror those of airway eosinophils (1, 11, 12). Interestingly, the endotype with these “enhanced eosinophil concentrations” responds favorably to inhaled corticosteroids (ICS) (1, 4, 13–19) and this has been perceived as an argument for targeting systemic eosinophil mobilization with medication to prevent exacerbations in COPD. However, most published studies on blood eosinophils in COPD have examined this biomarker during stable disease, and the present literature provides limited and conflicting information on systemic eosinophil mobilization during COPD exacerbations in patient populations of mixed phenotypes (13, 20). Despite several large cohort studies on blood eosinophils in COPD, there is only one recent study by Kang et al. that have addressed how the moderately enhanced systemic eosinophil mobilization in stable COPD relates to phenotypes having allergy, a comorbidity that is believed to affect a minority (20 to 25%) of the patients with COPD (21–23). Notably, the study by Kang et al. demonstrates that during stable disease, COPD patients with allergy have higher concentrations of blood eosinophils than those without allergy. Additionally, clinical trials of antibodies targeting eosinophil-mobilizing cytokine signaling indicate that inhibiting systemic eosinophil mobilization prevents from exacerbations in COPD, provided that the patients display blood concentrations of eosinophils above a critical threshold within the normal range or above (24, 25). Thus, there is clinical evidence compatible with modest systemic eosinophil mobilization not only being associated with but also mediating COPD exacerbations, but there is no conclusive information on systemic eosinophil mobilization per se during exacerbations in COPD patients with chronic bronchitis without allergy.

In the current study, we aimed to address whether systemic eosinophil mobilization is further enhanced during exacerbations in patients with COPD but no allergy. To address this, we investigated a population of well-characterized patients with mild to severe COPD. For these patients, current smoking, concomitant chronic bronchitis and a history of exacerbations constituted inclusion criteria, to increase the likelihood of exacerbations taking place during the course of our study. To avoid the confounding influence on eosinophil mobilization from asthma and allergy, both these comorbidities constituted exclusion criteria. We followed the included patients for 15 months, with sampling during stable disease and during exacerbations, for longitudinal within-subject (matched) comparisons. As control groups for cross-sectional comparisons, we investigated a group of healthy never-smokers (HNS) plus a group of long-term smokers without COPD and CB (LTS), applying asthma and allergy as exclusion criteria for these control groups as well. The subjects in the two control groups were investigated during the inclusion visit only. In all the study subjects, we assessed systemic eosinophil mobilization in three different ways, by quantifying blood concentrations of eosinophils, the eosinophil chemokine interleukin (IL)-4 and the eosinophil activity marker eosinophil cationic protein (ECP) (26, 27). Finally, we secured representative sputum samples at exacerbations to detect the putative presence of bacterial airway pathogens.



2 Methods


2.1 Ethics statement

The study was approved after review by the Regional Ethics Committee in Gothenburg (S 233–03, T 286–04, and T 521–06). The study subjects were included after oral and written informed consent, in accordance with the World Medical Association (the Helsinki Declaration). The complete protocol for the utilized study material has been published elsewhere and some data sets relating to clinical characteristics have been reported in other publications, although in a different scientific context (28–30).



2.2 Clinical protocol

In the COPD-CB group, we included long-term smokers (≥10 pack-years) with a diagnosis of COPD and CB, all without asthma and allergy. All these patients had a history of at least 1 exacerbation the last preceding year and they all displayed positive cotinine-test in urine (One-Step Cotinine Test®, UltiMed Products™, Ahrensburg, Germany) confirming their personal statements of current smoking (28, 29). Screening and inclusion were made during stable disease at the first visit. We then ascertained that there were no clinical signs of respiratory tract infection during the 4 preceding weeks, and no treatment with systemic corticosteroids within this time frame either. During this first visit, the study physician secured a negative history of allergy and, whenever in doubt, secured a blood test for specific IgE against common allergens (Phadiatop™, Phadia, Uppsala, Sweden). Only subjects with a negative specific IgE test were included in the study (3 in the COPD-CB group and 3 in the control groups). All the patients in the COPD-CB group underwent a physical examination and dynamic spirometry plus test of gas diffusion capacity (DLCO). Because all these patients had a spirometry-verified prior COPD diagnosis prior to the first study visit, the functional tests during the first visit were performed without additional bronchodilation. In addition, these patients also underwent a regular pulmonary X-ray to exclude additional pulmonary comorbidities. After the first visit, the patients in the COPD-CB group were monitored and examined during stable disease every 15th week during a total period of 60 weeks (2–5 visits). In the case of a clinical exacerbation, the patient was examined during an extra visit when study sampling was ascertained during daytime office hours prior to emergency treatment. Signs of infection in the lungs were deemed as exacerbation of COPD. During all regular visits and during exacerbations, we collected venous blood samples as specified below. We interviewed all patients to ascertain that none of the patients delivering samples had been treated with systemic (oral or intravenous) corticosteroids within 4 weeks prior to sampling. All patients in the COPD-CB group were instructed to continue their regular medication throughout the course of the entire study. As control groups, we included HNS and LTS who all lacked allergy and asthma, examined during a first visit in the same way as the patients in the COPD-CB group. For inclusion, the subjects in the two control groups had to display a normal lung function, including both ventilatory volumes and gas diffusion capacity, without history or signs of CB, dyspnea or phlegm.



2.3 Blood samples

Blood samples from all study subjects underwent analysis of automated blood cell differential counts (ADVIA 2120i Hematology system®; Siemens, Duisburg, Germany) at the Department of Clinical Chemistry at Sahlgrenska University Hospital, Gothenburg, Sweden, to determine concentrations of granulocytes. For all study subjects, we also analyzed fresh plasma samples for concentration of C-reactive protein using a high-sensitivity assay (HS-CRP, Tina–quant C-reactive protein high-sensitivity assay®, No 1972944001; Hoffmann-La Roche Ltd.®, Basel, Switzerland) in accordance with the manufacturer’s instructions at the Department of Clinical Chemistry, Sahlgrenska University Hospital. For the analysis of markers for recruitment and activation of eosinophils, we utilized frozen (-80°C) plasma samples. In these samples, we quantified the concentrations of ECP and IL-4 using commercial ELISA kits (ECP ELISA Kit, EIAab™, Wuhan, Peoples Republic of China and Human IL-4, R&D Systems™, Minneapolis, MN, United States). For ECP only, some values exceeded the highest value of the standard curve, and these values were assigned this maximum value as an arbitrary assessment (ie. 360 ng/mL). For IL-4 only, some samples generated values below the lowest concentration of the standard curve (0.64 pg./mL). These samples were assigned the mean value of zero and the lowest and approved value of the standard curve as an arbitrary assessment (i.e., 0.32 pg./mL). Due to depletion of samples from the original study material, some of these analyses could not be made for all subjects, as indicated in the results section.



2.4 Sputum samples

We collected sputum samples during exacerbations as previously described (29). We only included data from sputum samples deemed likely or definitively to be representative for the lower airways in terms of containing less than 1% squamous epithelial cells (31). During exacerbation, 18 sputum samples were collected from different subjects (from their first exacerbation). The data on bacterial growth was divided in two principal groups—bacteria representing normal oropharyngeal flora (Normal flora) and bacterial pathogens (Pathogens), respectively. If there was growth of both principal groups, the sample was classified as having growth of pathogens. The two groups were compared with respect to concentrations of eosinophils, IL-4 and ECP. In three subjects, IL-4 and ECP were analyzed in samples from the second exacerbation, due to depletion of exacerbation samples from the first one.



2.5 Statistical methods

For this explorative study, we utilized a human study material that has previously proved to possess the statistical power needed to demonstrate established group differences for patients with COPD and chronic bronchitis versus controls (28–30). For the current study, non-parametric statistics were applied and, in general, data are presented both as individual and median values (range). All analyses were performed using the software IBM SPSS Statistics Version 25 (Chicago, Illinois, United States). p < 0.05 was regarded as statistically significant.




3 Results


3.1 Clinical material

We included samples during stable disease from 47 patients in the COPD-CB group, out of which 26 patients delivered exacerbation samples at the study center (Table 1). Importantly, none of the patients delivering samples had been treated with systemic (oral or intravenous) corticosteroids within 4 weeks prior to sampling. For the control groups, we included samples from 10 subjects in the HNS and from 10 subjects in the LTS group (Table 1). In terms of clinical characteristics, the range for age was of a similar order of magnitude and overlapped for all study groups (Table 1). Moreover, the range for tobacco load (i.e., number of pack-years) was of a similar order of magnitude for the study groups including smokers. The lung function data displayed the expected characteristics in the COPD-CB group (Table 1), whereas lung function was normal or close to normal in the two control groups. Seventeen of the 26 patients with exacerbations in the COPD-CB group utilized ICS as part of their regular treatment, without any statistically significant difference in blood concentrations of eosinophils during stable disease (Figure 1). However, in the COPD-CB group, the subgroups with and without exacerbations displayed enhanced blood concentrations of CRP during stable disease (Table 1). The blood concentrations of neutrophils tended to be higher in the COPD-CB group during stable disease and in the LTS group, compared with the HNS group.



TABLE 1 Demographic characteristics during stable disease for 10 healthy never-smokers (HNS), 10 current long-term smokers (LTS), 47 current long-term smokers with COPD and chronic bronchitis (COPD-CB) including 26 patients with exacerbations and 21 patients with no such exacerbation (COPD-CB). There was no treatment with oral glucocorticoids within 4 weeks prior to sampling.
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FIGURE 1
 The blood concentrations of eosinophils during stable disease in 26 long-term smokers with exacerbations of COPD and chronic bronchitis (COPD-CB) with and without treatment with inhaled corticosteroids (ICS). The data are presented as individual values with medians (bold lines). The p-value was determined using Wilcoxon signed rank test.




3.2 Eosinophil mobilization during stable disease

During stable disease in the COPD-CB group, the blood concentrations of eosinophils were higher than in the HNS group, while the COPD-CB group and the LTS group displayed similar concentrations (Figure 2). More specifically, 12 out of 47 patients (26%) with COPD and CB displayed an eosinophil concentration of 0.3 × 106/mL or higher (Figure 2). Notably, there was no statistically significant correlation between the blood concentrations of eosinophils during stable disease and the number of (future) exacerbations in the COPD-CB group during the study (p = 0.14; rho = 0.30; n = 26; Spearman Rank Correlation test, data not shown). Nor did patients with two or more future exacerbations display any statistically significant difference in blood concentrations of eosinophils during stable disease in comparison with those who had one future exacerbation only (0.2 vs. 0.1 × 106 cells/L; p = 0.24; n = 26; Mann–Whitney U-test, data not shown). During stable disease in the COPD-CB group, the concentrations of ECP tended to be somewhat higher and IL-4 tended to be lower than the control groups, even if these changes were not statistically significant (Table 2). For patients in the COPD-CB group who were treated with ICS and delivered exacerbation samples, there was a trend toward a lower eosinophil concentration during stable disease, although without statistical significance (Figure 1). During stable disease in the COPD-CB group, we detected no correlations between concentrations of eosinophils, ECP or IL-4 in blood, on the one hand, and FEV1 (% predicted) or the FEV1/FVC ratio, on the other hand (Supplementary Figures 1A,B, 2A,B, 3A,B). Under these conditions, however, we did detect a positive correlation between the concentration of eosinophils in blood and gas diffusion capacity (DLCO % of predicted; Figure 3). No matching correlations were detected for either concentrations of ECP or IL-4 in blood under these conditions (Supplementary Figures 2C, 3C). We failed to detect any correlation between the concentration of eosinophils and partial pressure of oxygen in the COPD-CB group during stable disease (Supplementary Figure 4).
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FIGURE 2
 The blood concentrations of eosinophils during stable disease in current long-term smokers with COPD and chronic bronchitis (COPD-CB) in comparison with healthy never-smokers (HNS) and current long-term tobacco smokers without COPD and chronic bronchitis (LTS). Patients in the COPD-CB group with exacerbations of COPD are represented by red dots and those with no exacerbations of COPD are represented by blue dots. The concentrations of eosinophils are presented as individual values with medians (bold lines). The p-value was determined using Kruskal-Wallis test followed by Mann–Whitney U-test.




TABLE 2 The concentrations of eosinophil cationic protein (ECP) and interleukin-4 (IL-4) in blood during stable clinical conditions for 10 (n = 9 for ECP) healthy never-smokers (HNS), 10 current long-term smokers (LTS) and 26 (n = 25 for IL-4) current long-term smokers with exacerbations of COPD and chronic bronchitis (COPD-CB).
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FIGURE 3
 Correlation between diffusion capacity for carbon dioxide (DLCO) and the blood concentration of eosinophils during stable disease in 26 long-term smokers with exacerbations of COPD and chronic bronchitis (COPD-CB). Data are presented as individual values. Three subjects display the same value (overlap) in the figure. The p- and r-values were determined using Spearman Rank Correlation test.




3.3 Eosinophil mobilization during exacerbations

During exacerbations in the COPD-CB group, there was no additional increase in the concentration of eosinophils in blood (Figure 4A). On the contrary, there was a mathematical trend toward a decrease in these concentrations, although this trend was not statistically significant. When addressing the association of the eosinophil concentration during stable disease with that during exacerbations (Figure 4B), we did detect a positive and statistically significant correlation. However, we found no evidence that the change in eosinophil concentration during exacerbation did relate to the eosinophil concentration during stable disease (Figure 4C). At the individual level, we observed qualitatively different alterations of the eosinophil concentration in blood, with 5 patients displaying an increase of 50% or more and 7 patients displaying a decrease of 50% or more (Figure 4C). During exacerbations in the COPD-CB group, there was no additional increase in the concentrations of either ECP or IL-4 in blood (Figures 5, 6). On the contrary, there was a mathematical trend toward a decrease in each of these concentrations, although neither of these trends proved to be statistically significant.
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FIGURE 4
 Eosinophils in blood during stable disease and during exacerbations in long-term smokers with exacerbations of COPD and chronic bronchitis. (A) Absolute blood concentrations for eosinophils presented as individual values with medians (bold lines) during stable disease and exacerbation. The p-value was determined using Wilcoxon signed rank test. (B) Correlation between absolute blood concentration of eosinophils during stable disease and during exacerbation. The p- and r-values were determined for patients with eosinophil concentrations above zero, using Spearman Rank Correlation test. (C) Individual change in blood concentration of eosinophils during exacerbation versus absolute blood concentration during stable disease for long-term tobacco smokers with COPD and chronic bronchitis for each patient during stable disease.
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FIGURE 5
 The blood concentrations of eosinophilic cationic protein (ECP) during stable disease and exacerbations in 24 current long-term smokers with exacerbations of COPD and chronic bronchitis (COPD-CB). The data are presented as individual values with medians (bold lines). The p-value was determined using Wilcoxon signed rank test.
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FIGURE 6
 The blood concentrations of interleukin (IL)-4 during stable disease and exacerbations in 22 current long-term smokers with exacerbations of COPD and chronic bronchitis (COPD-CB). The data are presented as individual values with medians (bold lines). The p-value was determined using Wilcoxon signed rank test.




3.4 Bacterial growth

During exacerbations, no corresponding difference was observed for either the concentration of eosinophils, ECP or that of IL-4 when comparing normal flora and pathogens (Supplementary Table 1).




4 Discussion

Given the current interest in the eosinophil as a biomarker and potential therapeutic target in COPD, we find it important to address whether there is an additional increase in systemic eosinophil mobilization during exacerbations in COPD patients with chronic bronchitis but no allergy (5, 19, 21, 24). This is because, as addressed above, chronic bronchitis is a very important clinical phenotype at risk for frequent exacerbations whereas allergy affects only a minority of COPD patients (1, 6–10, 22, 23), but also because of the fact that during stable disease, patients with COPD and allergy have clearly higher eosinophil concentrations in blood compared to those without allergy (21). Along these lines, we specifically targeted the blood concentrations of eosinophilic granulocytes per se, the activity marker ECP and the chemokine IL-4 in blood in carefully characterized patients with COPD and chronic bronchitis but no allergy. In these patients, we found that neither of the three “eosinophilic outcomes” were further enhanced during exacerbation. This was the case even though we facilitated detection of alterations by using the matched samples from stable disease and exacerbations within each patient. In fact, we detected trends in the opposite direction, observations providing an even stronger argument against additional mobilization of eosinophils in this clinical setting. Notably, during stable disease, a small portion (26%) of the included patients with COPD and CB displayed eosinophil concentrations that are known to associate with significant risk for exacerbations, in line with previous studies (14, 16). Moreover, we obtained no evidence that the exacerbation-related alteration in the concentration of eosinophils related to the concentration during stable disease although we did verify a correlation of high eosinophil concentrations during exacerbation with high corresponding concentrations during stable disease (5, 21). To us, it seems likely that these results relate to the fact that we excluded COPD patients with the Type 2-driven comorbidity allergy from our study.

Although the existing literature is very limited in this respect, it does contain support for our main finding that there are no signs of further increase in systemic eosinophil mobilization during exacerbations in patients with COPD and chronic bronchitis but no allergy. This support consists of one previous publication reporting a study that did contain evidence for a trend toward a decrease in the concentration of eosinophils in blood during exacerbations of COPD (20). This makes it likely that the lack of additional systemic eosinophil mobilization is representative of exacerbations of COPD per se, at least for the phenotype with current smoking and chronic bronchitis but no allergy or asthma. Clearly, this contrasts to what has been observed in patients with exacerbations of asthma (32). In the literature, there is one study indicating that local mobilization of eosinophils may occur during exacerbations of patients with chronic bronchitis (33). In that pioneering study, four out of 11 patients with exacerbations and six out of 12 with stable disease displayed an FEV1/VC ratio suggesting airflow obstruction but no information on reversibility, making it uncertain whether these patients suffered from chronic or reversible airflow obstruction, in addition to chronic bronchitis. Moreover, the patients were claimed to be “non-atopic,” seemingly based upon a lack of history for allergic rhinitis, whereas the studied patients were heterogeneous with reference to current and former smoking. Local eosinophil mobilization was assessed as the number of these granulocyte subsets in cell differential counts performed either in induced sputum or bronchial tissue samples, as well as quantitative staining for EG-2 in bronchial tissue samples. Interestingly, all these assessments of local eosinophil mobilization displayed more signal among patients with exacerbations compared with those who had stable disease, although the observations were not paired or matched. In view of the referred study, we think that it is relevant to point out that our current study does not include any information on eosinophil mobilization in the airways, and thus we cannot rule out such local mobilization during COPD exacerbations.

Importantly, during the emergency visits for the patients in the COPD-CB group, we consistently harvested our exacerbation samples from patients prior to the standardized exacerbation treatment with oral corticosteroids and oral antibiotics. In doing so, we avoided the confounding influence of systemic and local pharmacotherapy. This means that we can rule out that either of these clinical drug treatments accounted for the lack of an increase in the concentrations of eosinophils, ECP and IL-4 during exacerbations. Moreover, during stable disease, we detected no statistically significant difference in the markers of eosinophil mobilization relating to whether the patients utilized inhaled corticosteroids or not, and the same was true for blood concentrations of eosinophils during exacerbations. This outcome is supported by previous studies suggesting that the impact of inhaled corticosteroids on inflammatory outcomes is modest in patients with COPD and chronic bronchitis, although we cannot rule out that limitations in statistical power may have confounded our current study (1, 3, 10).

Notably, there are several arguments in favor of our study material being representative for COPD among current smokers even if the study population is of a modest size. Both sexes were represented, all patients had a substantial historic tobacco load of the same order of magnitude, relatively high age, slightly enhanced CRP and neutrophil concentrations in blood, and they utilized inhalation therapy according to relevant guidelines, including ICS in 65 % of the study population. The same argument applies to the fact that the blood concentrations of eosinophils were modestly enhanced in the COPD-CB group during stable disease, compared with what was the case in the healthy never-smokers, fully compatible with what has previously been reported (16, 34). Moreover, we observed a trend only toward a difference in the blood concentrations of eosinophils during stable disease for patients with and without ICS, compatible with a limited effect of this therapy on systemic eosinophil mobilizations in COPD. Furthermore, as expected, some patients in our study population did display signs of local growth of bacterial pathogens during exacerbations. However, we did not detect any statistically significant difference in blood concentrations of either eosinophils, ECP or IL-4 with and without growth of these pathogens, a finding that is compatible with bacterial stimulation not being an important determinant for eosinophil mobilization in exacerbations of COPD without allergy. We think that at least a trend toward increase would have been detectable if a strong association does exist in the phenotype that we examined. For factual reasons, we find it hard to believe that the absence of an average increase that support systemic eosinophil mobilization in COPD exacerbations in our study would be due to limitations in statistical power only. This is because our material has previously displayed sufficient statistical power to demonstrate statistically significant group differences and correlations for a range of clinical and immunological outcomes (28–30). Examples of this include CRP and immune cells such as lymphocytes and neutrophils, cytokines such as IL-17A and GRO, plus effector molecules such as neutrophil elastase, myeloperoxidase and galectin-3 (28–30). In addition to this, we did detect a trend toward a decrease for three different eosinophil-related outcomes during exacerbations. Given the fact that Kang et al. have established that allergy is associated with enhanced systemic eosinophil concentrations in patients with stable COPD (21), we think that our consistent exclusion of patients and control subjects with clinical manifestations of allergy was the decisive factor explaining the negative outcome in terms of systemic eosinophil mobilization in our current study. In this context, we find it relevant to point out that the investigators responsible for previous studies on systemic eosinophil mobilization in COPD have been either inconsistent in or omitted information about their handling of the comorbidity allergy (13, 14, 16, 18, 19, 24). The latter implies that patients classified as “COPD” in previous studies may in fact have been suffering from the comorbidity allergy, and in some studies from asthma as well, with an expected impact on Type 2-driven immunological events including enhanced systemic eosinophil mobilization. Along these lines, a very recent study on an antibody that blocks IL-4 and IL-13 (dupilumab) in patient with COPD but no concomitant asthma demonstrated positive effects on lung function as well as a reduction in exacerbations, in a patient population selected based upon a modest enhancement in blood concentrations of eosinophils (≥0.3 × 106 cells/mL), compatible with enhanced Type 2-signaling (24). To us, this is a strong argument for either consistently stratifying patients in or focusing on a well-defined clinical phenotype in future studies of systemic as well as local eosinophil mobilization in the airways in patients with COPD.



5 Conclusion

In conclusion, our study on a carefully characterized cohort of patients with COPD and chronic bronchitis but no allergy forwards clinical evidence that, by average, there is no additional, systemic eosinophil mobilization during exacerbations in the clinical phenotype that was examined. Thus, in this common and important phenotype, the immunological rationale for targeting systemic eosinophils during exacerbations remains unaccounted for. We think that this key finding motivates verifications studies on systemic and local eosinophil mobilization during exacerbations in large cohorts of COPD patients stratified for both chronic bronchitis and allergy.
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