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Blood eosinophils and C-reactive protein as prognostic factors
in severe chronic obstructive pulmonary disease exacerbations
Hamed A. Hafiz, Heba Moussa
Background Chronic obstructive pulmonary disease
(COPD) is a leading cause of morbidity and mortality
worldwide. Exacerbations of COPD are heterogeneous and
have significant effect on the socioeconomic burden. The
value of eosinophils (Eos) in predicting response to
corticosteroids is documented in bronchial asthma
exacerbation, but this value is not clear in COPD
exacerbation. The aim of the study is to assess the prognostic
value of blood Eos and C-reactive protein (CRP) in severe
COPD exacerbations.

Patients and methods A total of 120 patients with COPD
with severe exacerbations were subjected to complete blood
count picture analysis with differential count, including Eos
and CRP. Cases were divided into eosinophilic and
nonesinophilic groups using 2% as a threshold, and the
outcomes were observed.

Results The inpatient mortality rate was 10%, and it
significantly correlated with noneosinophilic group (≤2%)
(P=0.02). The length of stay in hospital and ICU was
significantly lower in patients with eosinophilia more than or
equal to 2%, with P value less than 0.001 for both. CRP and
© 2020 Egyptian Journal of Bronchology | Published by Wolters Kluwer -
length of stay in hospital and ICU showed significant positive
correlation.

Conclusion Higher blood Eos and lower CRP levels can be
used as predictors for better outcome in severe COPD
exacerbations.
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Introduction
Chronic obstructive pulmonary disease (COPD) is a
main cause of morbidity and mortality in the world. It
is expected to be in the third rank of causes of
mortality by 2020 [1]. Exacerbations of COPD are
heterogeneous. Several plasma markers are
investigated to define phenotype of exacerbation
and to predict outcome [2]. Blood eosinophils
(Eos) were investigated as one of these markers.
The role of Eos in pathogenesis of COPD is not
clear and is still an area of debate [3]. The use of blood
Eos as a marker of COPD exacerbation was first
mentioned in 2011 [4] and has been confirmed in
another study [5].

C-reactive protein (CRP) as a marker of systemic
inflammation is elevated in COPD exacerbations.
Elevated CRP is associated with worse outcome in
COPD [6].

Exacerbations of COPD will markedly increase the
socioeconomic burden of COPD [7]. Most cases with
severe COPD exacerbations are managed with
systemic steroids and antibiotics [8]. The value of
Eos in predicting response to corticosteroids is
documented in bronchial asthma exacerbation [9].
However, this value is not clear in COPD
exacerbation.
The purpose of this study is to assess the prognostic
value of blood Eos and CRP in severe COPD
exacerbations.
Patients and methods
A prospective cross-sectional study was conducted on
120 patients with COPD with severe exacerbation in
Kasr Al-Aini Hospital, Chest Department, Cairo
University, in the period between March 2017 and
March 2019. Diagnosis of COPD depends on triad of
presence of symptoms, exposure to noxious stimuli, and
preexacerbation spirometry in patient file with
postbronchodilator forced expiratory volume in first
second over forced vital capacity less than 0.70 [8]. The
diagnosis of exacerbation depends mainly on the
clinical features of the patient complaining of
sudden worsening of condition that is more than
usual day-to-day variability [8]. Written consent was
obtained from all patients after approval of ethical
committee of scientific research.
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Table 1 Patient characteristics

Variables Mean SD

Age (years) 52.58 5.29

Eos% 2.37 2.39

CRP (mg/l) 120.53 54.95

LOS in hospital (days) 14.39 6.31

LOS in ICU (days) 12.11 5.91

FEV1% 51.217 10.701

FVC% 84.119 1.597

FEV1/FVC% 57.95 4.928

MV need (yes) 33 (27.5)

One-month mortality (yes) 12 (10)

Continuous data were represented as mean (SD), and categorical
data as n (%) (N=120). CRP, C-reactive protein; Eos, eosinophil;
FEV1, forced expiratory volume in first second; FEV1/FVC, forced
expiratory volume in first second over forced vital capacity; FVC,
forced vital capacity; LOS, length of stay; MV, mechanical
ventilation.

Table 2 Patient outcomes in correlation with their eosinophil
level

Variables Eos≥2%
(n=47)

Eos<2%
(n=73)

P

LOS in hospital
(days)

8 (7–9) 17 (15–21) <0.001a

LOS in ICU (days) 6 (5–7) 15 (13–19) <0.001a

MV need (yes) 10 (21.28) 23 (31.51) 0.2

Mortality (yes) 1 (2.13) 11 (15.07) 0.02#

Continuous data were represented as median and (IQR), and
categorical data as n (%) (N=120). Eos, eosinophil; LOS, length of
stay; MV, mechanical ventilation. aMann–Whitney test. #Fisher
exact test, P<0.05, significant.
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All cases are considered to have severe exacerbation as
they were admitted to either ICU or ward according to
GOLD criteria. Indicators of severe exacerbation
include severe symptoms such as sudden deterioration
of resting dyspnea, worsening of oxygen saturation, and
altered mental state. Acute respiratory failure, cyanosis,
peripheral edema, and poor response to initial treatment
of exacerbation are other indicators of severe
exacerbation [8]. Patients were subjected to detailed
history and clinical assessment, routine complete
blood picture with differential count, CRP as a
marker of inflammation, and arterial blood gases
(ABGs). Consent was taken from all patients. We
divided cases into eosinophilic and nonesinophilic
groups using 2% as a threshold.

Exclusion criteria were patients with chronic
comorbidities (e.g. heart failure, liver cell failure, renal
failure, and malignancy), which may affect outcome,
previous complete blood count with eosinophilia, and
patients refusing to participate in the study.

All the patients had received the standard management
of COPD exacerbation in the form of systemic
steroids, antibiotics, and nebulized bronchodilators.
Respiratory support in the form of oxygen therapy
or ventilatory support was applied for indicated cases.

After that, the outcomes of the patients regarding
duration of hospital stay, mechanical ventilation (MV)
either invasive or noninvasive, and mortality were
observed.
Statistical methods
Continues data were represented as mean and SD, and
categorical data as number and percentage. The data
were checked for normality using Shapiro–Wilk test.
Comparison between two continuous groups was done
usingMann–Whitney test, and between two categorical
group was done using Fisher exact test. Linear
correlation was done using Pearson correlation
coefficient test. All tests were two sided. P was
considered significant if less than 0.05. The statistical
analysis was done using Minitab 17.1.0.0 for Windows
(Minitab Inc., State College, Pennsylvania, USA).
Results
The demographic data of patients are summarized in
Table 1. The prevalence of eosinophilia more than or
equal to 2% in patients with COPD exacerbation was
39.17%. The inpatient mortality rate was 10%, and it is
significantly correlated with noneosinophilic group
(≤2%) (P=0.02; Table 2). Approximately 27.5% of
patients needed MV support within the treatment
course, and their mean Eos% was 1.67%, which was
significantly lower than the patients who were not in
need of MV support (mean Eos%=2.6%) (P=0.03;
Fig. 1). The length of stay (LOS) in hospital and ICU
was significantly lower in patients with eosinophiliamore
than or equal to 2% (P<0.001 for both; Table 2). The
linear relationship between Eos% and LOS in hospital
and ICUshowed significant negative correlation (r=−0.6,
P<0.001 and r=−0.7, P<0.001, respectively; Fig. 2). In
contrast withEos%, the linear relationship betweenCRP
andLOS in hospital and ICU showed significant positive
correlation (r=0.4, P<0.001 and r=−0.3, P<0.001,
respectively; Fig. 3).

Furthermore, the bronchial obstruction level of
patients (first second of forced expiration%) showed
negative correlation with length of hospital and ICU
stay, and this correlation was not statistically significant
(Table 3).
Discussion
COPD exacerbation has a significant effect on disease
course. It worsens the quality of life [10,11], symptoms,



Figure 1

Eos% level in correlation with MV support need. *Mann–Whitney test, P<0.05 considered significant. Eos, eosinophils; MV, mechanical
ventilation.

Figure 2

(a) Correlation of Eos% level with LOS in hospital. (b) Correlation of Eos% level with LOS in ICU. *Correlation coefficient, P<0.05 considered
significant, signs before r denote the direction of relationship. Eos, eosinophils; LOS, length of stay.

Figure 3

(a) Correlation of CRP with LOS in hospital. (b) Correlation of Eos%
level with LOS in ICU. *Correlation coefficient, P<0.05 considered
significant, signs before r denote the direction of relationship. CRP, C-
reactive protein; Eos, eosinophils; LOS, length of stay.

Table 3 Bronchial obstruction level in correlation with patient
outcome

Variables FEV1%

r P*

LOS in hospital (days) −0.2 0.21

LOS in ICU (days) −0.18 0.2

FEV1, forced expiratory volume in first second; LOS, length of
stay.**Correspondence to Correlation coefficient, P<0.05
considered significant; signs before r denote the direction of
relationship.
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and pulmonary function [12]. It is also associated with
more rapid deterioration of lung function [13,14],
significant mortality, and higher socioeconomic
burden [15].

Our results showed that inpatient mortality was 10%.
Previous studies showed wide range of mortality rate
from 2.5 to 24.5% [16–18]. This difference may be
owing to different target population, quality of
healthcare service, variable severity of exacerbation at
time of admission, and associated comorbidities [19].
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The relatively high mortality in this study may reflect
that more severe cases were admitted to our
department.

These results showed presence of blood Eos more than
2% in 39.17% of cases with severe exacerbation. This
was higher than a recent study by Zeiger et al. [20]
which had an incidence of 19%. This difference may be
owing to their utilization of a different threshold for
eosinophilia.

Our results showed better outcome in eosinophilic
group, regarding length of hospital and ICU stay,
need for MV either invasive or noninvasive, and
mortality (Table 2). This is consistent with a study by
Villalobos et al. [21], who concluded that patients with
eosinophilic exacerbation had shorter hospital stay and
lower need for MV than noneosinophilic group. This
study showed no significant difference in mortality in
contrast to this study. This difference may be related to
duration of follow-up for mortality, which was 1-year
mortality in this studycomparedwith inpatientmortality
in this study. In another study, length of hospital stay is
significantly shorter in eosinophilic exacerbations [22],
whereas a retrospective study in ICU revealed that
eosinophilic exacerbations had lower mortality in MV
patients with COPD [23]. The better outcome may be
related to better response to systemic steroids in
eosinophilic group [24].Elevated CRP in this study is
associated with longer hospital and ICU stay, denoting
worse outcome.This is compatiblewith a recent studyby
Pahuja et al. [25] which concluded that elevated CRP is
associated with poorer outcome inCOPD exacerbation.

The main limitation of this study is the eosinophilic
cutoff value, which varies in different studies. However,
several studies used 2% as a cutoff value [21–24].
Further studies are needed to set a standard cutoff
value. Other limitation is the duration of follow-up
that was only during hospital admission with no long-
term follow-up of exacerbation and mortality.
Conclusion
Higher blood Eos and lower CRP levels can be used as
predictors for better outcome in severe COPD
exacerbations.
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