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Abstract
Background: Chronic obstructive pulmonary disease (COPD) and community-acquired pneumonia (CAP)
are both common respiratory diseases. Acute exacerbation of COPD (AECOPD) could be triggered by CAP.
Peripheral blood eosinopenia are strongly associated with increased mortality. In hospitalized AECOPD
patients with CAP, eosinopenia may be used to identi�ed patients with high risk of death on admission.

Methods: We conducted a retrospective cohort study of hospitalized AECOPD patients with CAP. Patients
who had received systemic corticosteroids preadmission were excluded. The patients were identi�ed by
individual case �le review. According to blood eosinophil count, patients were grouped as
eosinopenia(<50/μL) and non-eosinopenia (≥50/μL). Associations of eosinopenia with infection and 18-
month survival were analyzed using appropriate statistical methods.

Results: Baseline demographic, comorbidity and CURB65 score were similar between two groups. The
eosinopenia group had signi�cantly higher pro-BNP, D-dimer, neutrophil percentage, and lower lymphocyte
count and lymphocyte percentage. The eosinopenia group had signi�cantly higher CRP (median 77.30 vs
16.55, p=0.008) and procalcitonin (median 0.32 vs 0.12, p=0.001). Survival at 18 months after hospital
discharge was signi�cantly lower in the eosinopenia group vs non-eosinopenia group (log rank, p=0.002)

Conclusions: Eosinopenia (<50/μL) was a strong predictor of 18-month mortality, and associated with
more severe infection in hospitalized AECOPD patients with CAP. Eosinophil count at admission can be
used as a prognosis marker of mortality in those population.

Background
Chronic obstructive pulmonary disease (COPD) is a common respiratory disease worldwide. (1) Acute
exacerbations of chronic obstructive pulmonary disease (AECOPD) are important causes of hospital
admission and mortality.(2) Community-acquired pneumonia (CAP) is another common respiratory
disease, and occurs commonly in patients with COPD. It is estimated that there is an approximately 18-
fold greater incidence of CAP in COPD patients than in those without COPD. (3) COPD is also frequent
among CAP patients. COPD as a comorbidity is reported in 35–50% of hospitalized patients with CAP. (4)
The CAP and AECOPD come together when COPD patients acquire AECOPD triggered by CAP. The clinical
presentations of these episodes meet the accepted criteria for the diagnosis of AECOPD and CAP in
which a pulmonary in�ltrate is found by chest radiograph.

Eosinopenia, de�ned as a reduced eosinophil count in peripheral blood, could be caused by either acute
infection or acute stress. (5) Eosinopenia is reported to be a useful predictor of bloodstream infection or
sepsis.(6, 7) Eosinopenia is an early marker of increased mortality in Intensive Care Unit (ICU)patients.(5,
8) Eosinopenia in AECOPD was also concluded to have some clinical implications in published studies. In
AECOPD patients, an inverse relationship between bacterial infection and eosinophil count has been
reported.(9) The AECOPD patients with bacterial infection had a signi�cant decrease in the blood
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eosinophil count compared to the stable state. Eosinopenia is also an independent predictor of mortality
and length of stay in AECOPD patients.(10–12)

The number of published articles on AECOPD with CAP was relatively small, compared to articles on
AECOPD or CAP. The potential utility of using eosinopenia to guide optimal management of AECOPD with
CAP has not been explored. The aim of the present study was to evaluate association between
eosinopenia and clinical outcomes in hospitalized AECOPD patients with CAP.

Methods
The present study was a retrospective cohort study of hospitalized AECOPD patients with CAP at an
academic teaching tertiary care hospital (Second A�liated Hospital of Zhejiang University School of
Medicine, China). Ethical approval was sought and granted by Hospital Ethics Committee.  

Patient selection 

All patients admitted to the study hospital between Jan 2019 and June 2019 with discharge diagnosis of
both AECOPD and CAP were retrieved from Electric Medical Record System(EMRS). Patients who had
received systemic corticosteroids preadmission were identi�ed from medical record and excluded from
study. 

Con�rmation of diagnosis 

The de�nition of AECOPD was based on baseline clinical data obtained by chart review as described
before. (13) This strategy is widely used in the application of prognostic prediction rules and re�ects the
methods used in the original pneumonia severity index (PSI) score studies.(14) 

Records were inspected by a pulmonologist (Y.Y.Q), who was kept blinded to eosinophil designation,
to con�rm CAP. In Chinese tertiary care hospitals, it is a common practice to order a chest computed
tomography (CT) for patients suspected of CAP. So the diagnosis of CAP in this study were all based on
chest CT. Patients were de�ned as having CAP as described by the Chinese CAP guideline in adults,
(15) when the following four criteria were met: (1) onset in community.; (2) at least one of the followings
(a) new onset of cough or expectoration, or aggravation of existing symptoms of respiratory tract
diseases, with or without purulent sputum, chest pain, dyspnea, or hemoptysis (b) fever >37.5℃, (c) signs
of pulmonary consolidation and/or moist rales (d) peripheral white blood cell (WBC) count >10 x109 /L or
< 4 x109 /L, with or without a left shift; (3) chest CT scan at the time of hospitalization showing new
patchy in�ltrates, lobar or segmental consolidation, ground-glass opacities, or interstitial changes, with or
without pleural effusion, de�ned by a radiologist's reading; and (4) no alternative diagnosis at the time of
hospital discharge that justi�ed the presence of criteria 2 and 3.

Data collection 
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Demographic data, lab test results on admission, disease comorbidities, and pharmacotherapy were
collected from EMRS. The eosinophil count from the �rst whole blood cell count obtained in the hospital
was used to designate eosinophil group. In accordance with previous studies, we de�ned eosinopenia as
<50/μL and non-eosinopenia as≥50/μL.(12) Mortality status was assessed by phone call during early
June 2021.

Data Analysis

The results were analyzed using IBM SPSS Statistics 20. Continuous data was presented as the mean
with stand deviation (SD)or median with interquartile range (IQR), depending on the distribution of data.
Variables were compared using the unpaired Student’s t-test, Welch t-test or the Wilcoxon rank sum test
with continuity correction, depending on data normality and homogeneity of variance. Categorical data
were presented as absolute value and percentage, and analyzed using Chi-square test or Fisher’s exact
test according to test assumptions. Statistical signi�cance was set at p< 0.05.

Results
A total number of 82 admissions with discharge diagnosis of both AECOPD and CAP were identi�ed from
EMRS. After review case by case, 59 admissions of AECOPD with CAP were con�rmed and eligible for
further analysis (Figure 1). The eosinopenia group had 41 admissions, and the non-eosinopenia group
had 18 admissions.

Demographic, comorbidity and clinical expression

Baseline demographic and comorbidity data were similar between two groups (Table 1). The proportion
of patients with atrial �brillation was higher in the eosinopenia group, but without statistical
signi�cance. The CURB65 score was not different between two groups, which indicated that the severity
of CAP between two groups was similar (Table 2). Compared to the non-eosinopenia group, the
eosinopenia group had a higher proportion of patients admitted via Emergency Department (ED) (97.6%
vs 77.8%, p=0.012). The eosinopenia group had signi�cantly higher pro-Brain Natriuretic Peptide (pro-
BNP), D-dimer, neutrophil percentage than the non-eosinopenia group. On the other hand, the eosinopenia
group had signi�cantly lower lymphocyte count and lymphocyte percentage. There was no signi�cant
difference in baseline PaO2 and PaCO2 between two groups.

Infection severity

Based on biomarkers of infection, the eosinopenia group consistently presented with more severe
infection status than the non-eosinopenia group (Figure 2). The eosinopenia group had signi�cantly
higher C-reactive protein (CRP) (median 77.30 vs 16.55, p=0.008) and procalcitonin (median 0.32 vs 0.12,
p=0.001). 

Treatment 
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The length of hospital stay was similar between two groups (Table 3). But the eosinopenia group had
higher hospital cost with statistical signi�cance (median 20598.00 vs 14295.50, p=0.043). There were no
signi�cant difference in duration of antibiotic use and use of non-invasive ventilation between the two
groups, but there was a clear trend to a higher proportion of invasive ventilation in the eosinopenia group
(34.1% vs 11.1%, p=0.067). The eosinopenia group had a higher proportion of systemic corticosteroids
use (73.2% vs 50.0%, p=0.083), but without statistical signi�cance. Moreover the eosinopenia group had
a signi�cantly higher total (median 160.00 vs 40.00, p=0.019) and daily (median 40.00 vs 18.40,
p=0.028) dose of systemic corticosteroids use. But there was no difference in total and daily dose of
inhaled corticosteroids between both two groups. 

Long-term mortality 

Kaplan-Meier analyses identi�ed a signi�cant difference between two groups in all-cause mortality after
hospital discharge. Survival at 18 months after hospital discharge was signi�cantly lower in the
eosinopenia group vs non-eosinopenia group (log rank, p=0.002) (Figure 3).

Discussion
The potential utility of eosinopenia has not been evaluated in hospitalized AECOPD patients with CAP.
The current study showed that eosinopenia (< 50/µL) was a strong predictor of 18-month mortality. In
addition, the eosinopenia group had signi�cantly elevated CRP and procalcitonin, which indicated that
eosinopenia was associated with more severe infection. Therefore, eosinopenia may be helpful for
physicians to identify patients with high risk of mortality and optimize management strategies
accordingly. Prospective studies are warranted to evaluate if adopting this strategy could improve
prognosis of hospitalized AECOPD patients with CAP.

COPD is one of the most important cause of death worldwide, which was worsened by exacerbations.(2)
The CAP occurs commonly in patients with COPD as impairment in lung defense, especially in those
older than 65 years.(16) COPD is reported as a comorbidity in at least one third of hospitalized patients
with CAP.(4) There is a controversy about the impact of COPD on mortality of patients hospitalized for
CAP.(17) Several studies supported that COPD patients with CAP had higher mortality.(13, 18–20)
However, some studies and meta-analysis showed that mortality was not increased in patients with
COPD hospitalized with CAP.(21–23) Regardless of co-existence of CAP, AECOPD caused high mortality
worldwide, which warranted attention from physicians. So a simple, accessible and cheap marker to
identify those patients with high risk of mortality was helpful in practice, especially in developing
countries. Eosinopenia gained our attention, which was further examined in the current study.

Normally, eosinophil account for only a small part of white blood cells in blood. Its roles have been
extensively investigated in asthma and COPD. High blood eosinophil count was a reliable predictor of
response to inhaled corticosteroid in COPD. (24–27) Furthermore, oral corticosteroid during AECOPD had
better effect in patients with high blood eosinophil count.(28) However studies about low blood
eosinophil count or eosinopenia was relatively limited. Eosinopenia could be caused by either acute



Page 6/13

infection or acute stress, so it was not a biomarker of infection status. In essence, the eosinopenia of
acute infection has been assumed to be a secondary expression of adrenal corticosteroid stimulation
produced by the stress of the infection.(29, 30) Therefore it was suggested that eosinopenia was a
response to the acute in�ammatory process rather than to a speci�c type of pathogen.

The principal �nding of the current study was that eosinopenia (< 50/µL) was a strong predictor of 18-
month mortality. This �nding was in agreement with previous studies. Numerous studies supported that
eosinopenia was strongly associated with increased mortality in various clinical settings and diseases. In
a large retrospective cohort study of 2311 patients with bacteremia, eosinopenia (< 50/µL) was
associated with a 4.77-fold increase in risk of dying compared with a normal eosinophil count.(31) Yip et
al. found that eosinopenia(< 10/µL) on ICU discharge was associated with increased post-ICU mortality.
(32) Similarly eosinopenia (< 40/µL) at ICU admission was reported to be an independent predictor of 28-
day mortality.(8) Eosinopenia was reported to be able to predict mortality not only in adults but also in
children.(5)

A strong association between eosinopenia and mortality in AECOPD had also been described by some
studies. A study by Holland et al reported that eosinopenia (< 40/µL) was associated with higher in-
hospital mortality.(10) Moreover eosinopenia was identi�ed as one of �ve strongest predictors of
inpatient mortality in hospitalized AECOPD patients as part of the Dyspnea, Eosinopenia, Consolidation,
Acidemia and atrial Fibrillation (DECAF) score.(11) MacDonald et al further demonstrated that
eosinopenia (< 50/µL) were strongly associated with higher 12-month mortality in hospitalized AECOPD
patients.(12) In our dataset, eosinopenia (< 50/µL) was associated with increased mortality at 18 months.
So our �ndings corroborated with MacDonald’s, but our study population was different from
MacDonald’s. In our study, only hospitalized AECOPD patients with con�rmed CAP were analyzed; in
MacDonald’s study, hospitalized AECOPD patients with all causes were included. Based on detection of
chest X-ray consolidation provided by supplemental data, it was roughly estimated that there were 43
cases of pneumonia out of 242 cases in MacDonald’s study. So there were more hospitalized AECOPD
patients with CAP in our study than MacDonald’s (59 vs 43). Moreover in our study, the diagnosis of CAP
was based on chest CT, which was more reliable. But still the study population was relatively small,
further studies with a larger population were warranted.

Another important �nding of our study was that the eosinopenia group had signi�cantly elevated CRP
and procalcitonin. The CRP and procalcitonin were commonly used biomarkers for infection, and
procalcitonin is a diagnostic marker of the presence of a bacterially induced systemic in�ammatory
reaction.(33) Our �nding indicated that eosinopenia was associated with more severe infection status.
This �nding was consistent with previous reports conducted in various clinical settings. The study by Gil
et al in a department of internal medicine demonstrated that an in�ammatory syndrome associated with
eosinopenia (< 40/µL) was related to bacterial infectious diseases.(34) Similarly, another study in ICU by
Abidi et al showed that eosinopenia was a reliable marker of sepsis, and was associated with the severity
of sepsis.(35) Moreover the study in general internal medicine setting, excluding ICU and ED, revealed that
eosinopenia was a useful predictor of bloodstream infection.(7) In ED, eosinopenia(< 10/µL) was reported
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to present a speci�city of 94% for the diagnosis of infection. As above-mentioned, eosinopenia could be
caused by acute stress secondary to both infection and non-infection stimuli. The association between
eosinopenia (< 50/µL) and higher mortality found in this survey could therefore be partially explained
both by more severe infection status and higher stress levels induced by infection.

The current study has a potentially important implication for physicians, especially in developing
countries. As a cheap test for early identi�cation of patients at high risk of death on admission,
eosinopenia may help physicians in making management strategy. Once identi�ed, a strategy of more
aggressive diagnostic and therapeutic interventions may be warranted. The pro and con of such strategy
are needed to be veri�ed by prospective cohort studies.

Some limitations of the study merit consideration. First, the present study was a retrospective study
performed in a single institution, so there were inherent problems related to this design. Second, patients
were identi�ed as having AECOPD by medical history instead of pulmonary function, which has been
demonstrated in past studies to be the same method as that used to identify other comorbid conditions
included to create the PSI score. The severity of COPD between two groups could not be compared,
although the PaO2 and PaCO2 was similar.

In conclusion, eosinopenia (< 50/µL) was a strong predictor of 18-month mortality in hospitalized
AECOPD patients with CAP. Moreover eosinopenia was associated with more severe infection. Eosinophil
count at admission can be used as a prognosis marker of mortality in hospitalized AECOPD patients with
CAP. It may become a helpful clinical tool.
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Figure 1
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Flow chart of study population. CT: computed tomography; CAP: community-acquired pneumonia

Figure 2

Infection biomarkers between two groups. A, CRP levels; B, procalcitonin levels. CRP: C-reactive protein.

Figure 3
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Eighteen-month survival between two groups. Kaplan-Meier analysis of survival to 18 months after
hospital discharge.
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