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Abstract 
Chronic obstructive pulmonary disease (COPD) is a major chronic respira-
tory disease worldwide. Inflammatory cells reflect the inflammatory situation 
both in peripheral blood and induced sputum. Their correlation has not been 
reported. The correlation between neutrophils (Neu), eosinophils (Eos), and 
lymphocyte (Lym) in induced sputum and that in peripheral blood of COPD 
patients was evaluated to explore the consistency of inflammatory cells in peri-
pheral blood and induced sputum. Peripheral blood and induced sputum were 
collected from 437 patients with acute exacerbation of COPD (AECOPD) who 
were hospitalized in the Department of respiratory and critical care medicine, 
Inner Mongolia People’s Hospital. The correlation analysis was performed by 
Spearman correlation analysis. The ratios of Neu, Eos, and Lym in induced 
sputum were (79.15 ± 22.60)%, (5.23 ± 12.74)%, and (1.69 ± 2.66)%. The ra-
tios of Neu, Eos, and Lym in peripheral blood were (63.29 ± 11.44)%, (2.99 ± 
3.60)%, and (25.16 ± 10.19)%. The results showed that the ratios of Neu and 
Eos in induced sputum were significantly correlated with the proportion of 
corresponding cells in peripheral blood (P < 0.05). There was no correlation 
between the ratio of Lym and Leu in induced sputum and corresponding cells 
in peripheral blood (P > 0.05). In patients with AECOPD, the tendency of 
Neu and Eos in induced sputum was consistent with the corresponding cells 
in peripheral blood. Neu and Eos in induced sputum and peripheral blood re-
flected the degree of inflammation to guide the individualized medication of 
patients. 
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1. Introduction 

Chronic obstructive pulmonary disease (COPD) is a common preventable chronic 
airway disease caused by long-term exposure to risk factors [1], which is charac-
terized by persistent respiratory symptoms and irreversible airflow limitation 
[2]. COPD has become a serious global public health burden [3], ranking third 
as a global cause of death by the World Health Organization in 2016 [4]. The 
pathogenesis of COPD is complex and diverse, among which inflammatory cell 
mechanism has been shown to play an important role [5] [6]. The harmful com-
ponents in cigarette smoke enter the lung tissue, causing the activation of a se-
ries of inflammatory cells, such as neutrophil (Neu), eosinophils (Eos), Lym-
phocyte (Lym), leading to a chronic inflammatory response in the lung tissue [7] 
[8] [9]. The long-term inflammatory stimulation eventually leads to airway re-
modeling and irreversible airflow restriction [10]. Respiratory infection is an im-
portant cause of acute exacerbation of COPD (AECOPD) [11]. The airway in-
flammation and systemic inflammation response of patients in AECOPD are 
significantly enhanced than in stable-phase COPD patients, resulting in an in-
crease in the number of inflammatory cells in peripheral blood. Eosinophils and 
neutrophils are increasingly being recognized as an important characteristic fea-
ture of COPD. COPD patients with eosinophilic inflammation respond to ste-
roid therapy. However, eosinophilic inflammation may be defined based on var-
ious sampling techniques, including eosinophil levels in blood, sputum, bron-
choalveolar lavage or biopsy, which leads to inconsistencies in its definition [12]. 
Blood eosinophils may increase in conjunction with sputum eosinophils during 
COPD exacerbations and therefore may be a good surrogate marker of airway 
eosinophilic inflammation. The count of Eos, Neu and Lym in peripheral blood 
can effectively respond to the changes of systemic inflammation in COPD pa-
tients. The induced sputum can effectively respond to the changes of airway in-
flammation in COPD by counting the cells in the airway and classifying the 
types of inflammation. It plays an important role in the evaluation of the disease 
condition and drug efficacy. Currently, there are many studies on the biomark-
ers in peripheral blood and induced sputum of COPD patients [13] [14], but 
there is no report on the relationship between peripheral blood cells and induced 
sputum cells. This study aimed to explore the consistency between the ratios of 
Neu, Eos, and Lym in induced sputum and those in peripheral blood of patients 
with COPD and to clarify the clinical significance of inflammatory cells in spu-
tum and peripheral blood in COPD. 
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2. Materials and Methods 
2.1. Research Objects 

The study was a cross-sectional study processed at the Department of Respira-
tory and Critical Care Medicine Inner of Mongolia People’s Hospital from Janu-
ary 2015 to December 2015. 437 patients with AECOPD were recruited accord-
ing to the guideline of Global Initiative for Chronic Obstructive Lung Disease 
(GOLD) 2013. All patients were diagnosed with COPD for more than one year. 
We excluded patients if they had a history of other respiratory illnesses, such as 
asthma, interstitial lung disease, lung cancer and pulmonary tuberculosis. Peri-
pheral blood and induced sputum were collected from all patients on the first 
day of admission, and any oral or/and inhaled corticosteroids (ICS) was stopped 
48 hours before the examination. Through structured questionnaire, the investi-
gator conducted one-to-one inquiry. The questionnaire included age, gender, 
height, weight, Past diseases and smoking. After the examination all patients re-
ceived routine treatment to prevent exacerbation in hospital, including antibio-
tics, bronchodilators, inhaled corticosteroids and other routine doses. At admis-
sion, some patients were unable to complete the pulmonary function test due to 
the exacerbation of COPD, so we did not grade the severity of the patients. The 
study was approved by the ethics committee of the people's Hospital of Inner 
Mongolia Autonomous Region, and all the subjects signed the informed consent. 

2.2. Sample Collection and Detection 

Peripheral blood collection and detection We collected 3 - 5 mL of venous 
blood using an Ethylene Diamine Tetraacetic Acid (EDTA) anticoagulant tube 
and were sent to the department of clinical laboratory for a routine blood test. 

Induced sputum collection and detection The induced sputum samples 
were obtained after 20 - 30 minutes of atomization inhalation of 3% saline. The 
sputum without salivary components was put into a centrifuge tube and treated 
with 0.1% dithiothreitol. The cells were incubated at 37˚C, shaken, filtered, cen-
trifuged, smeared with cell sediment, dried, stained with Swiss stain, counted at 
least 500 non-squamous cells: neutrophils, eosinophils, macrophages, lympho-
cytes, and epithelial cells. The sputum qualification criteria were as follows: spu-
tum smears were regarded as qualified sputum samples, which were <10 squam-
ous epithelial cells, >25 white blood cells/low power field, and weight of sputum 
without saliva component > 1 g. If the cell survival rate was less than 50% and/or 
the squamous cell contamination was more than 20%, the specimen was consi-
dered unqualified. 

2.3. Statistical Analyses 

Statistical analysis was made using software SPSS version 24.0 (IBM Corpora-
tion, Armonk, NY, USA). Data were expressed as mean ± standard deviation 
(SD) and percent (%) where appropriate. The correlation analysis was performed 
by Spearman correlation analysis. The difference between groups was compared 
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by t-test. p < 0.05 was considered statistically significant. 

3. Results 
3.1. Baseline 

In Table 1, A total of 437 patients with AECOPD were enrolled, comprising 285 
males (65.22%) and 152 females (34.78%), with an average age of 69.30 ± 9.02 
years. The ratios of Neu, Eos, and Lym in induced sputum were (79.15 ± 
22.60) %, (5.23 ± 12.74) %, and (1.69 ± 2.66) %. The ratios of Neu, Eos, and Lym 
in peripheral blood were (63.29 ± 11.44) %, (2.99 ± 3.60) %, and (25.16 ± 
10.19) %. There were significant differences in Eos%, Neu%, and Lym% between 
induced sputum and peripheral blood (Eos%: p = 0.00042, Neu%: p < 0.0001, 
and Lym%: p < 0.0001). 

3.2. Correlation Analysis of Neu, Eos, and Lym in Induced Sputum  
and Peripheral Blood 

The results showed that the ratios of Neu and Eos in induced sputum were sig-
nificantly correlated with the proportion of corresponding cells in peripheral 
blood (Eos: r = 0.3925, p < 0.0001; Neu: r = 0.1579, p = 0.0009). There was no 
correlation between the ratio of Lym in induced sputum and corresponding cells 
in peripheral blood (p = 0.9295, Figure 1). 

3.3. Correlation Analysis of Peripheral Blood Leukocytes and Neu,  
Eos, Lym in Induced Sputum 

There was no correlation between the ratio of Leukocytes in peripheral blood 
and the ratio of inflammatory cells in induced sputum (p > 0.05, Figure 2). 
 
Table 1. Characteristics of AECOPD patients. 

Variable COPD patient p value 

Subjects, n 437 - 

Male, n (%) 285 (65.22%)  

Age, yrs 69.30 ± 9.02 - 

BMI 22.16 ± 4.08 - 

Smoking index (pack-year) 533.85 ± 457.90 - 

FEV1% 59.73 ± 23.16 - 

FEV1/FVC 57.11 ± 11.95 - 

Neu% in induced sputum 79.15 ± 22.60 
<0.0001*** 

Neu% in peripheral blood 63.29 ± 11.44 

Eos% in induced sputum 5.23 ± 12.74 
0.00042*** 

Eos% in peripheral blood 2.99 ± 3.60 

Lym% in induced sputum 1.69 ± 2.66 
<0.0001* 

Lym% in peripheral blood 25.16 ± 10.19 

Data are shown as mean ± SEM. Smoking index, number of cigarettes/days × years of smoking history. 
Neu%: the ratios of neutrophils; Eos%: the ratios of eosinophils; Lym%: the ratios of lymphocytes. 
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Figure 1. Correlation analysis of Eos%, Neu%, and Lym% in induced sputum and peripheral blood. a. Neu%: the ratios of neu-
trophils; Eos%: the ratios of eosinophils; Lym%: the ratios of lymphocytes. 

 

 

Figure 2. Correlation analysis of leukocytes in peripheral blood and Eos%, Neu%, Lym% 
in induced sputum. Neu%, the ratios of neutrophils, Eos%, the ratios of eosinophils, 
Lym%, the ratios of lymphocyte. 

4. Discussion 

COPD is a chronic airway inflammation characterized by incompletely reversi-
ble airflow limitation. For a long time, bronchoalveolar lavage and bronchial 
mucosa biopsy were the main methods to study airway inflammation. However, 
their application was seriously limited because of the low tolerance and com-
pliance of patients. As a non-invasive and safe examination method, induced 
sputum cytology could effectively evaluate the severity of airway inflammation 
[15]. Compared with the blood samples from the whole body, the activated ef-
fective cells of induced sputum mediated by the related inflammation were 
higher, and the accuracy and repeatability were better. It also provided a simpler 
examination method for determine the treatment phenotype of patients with 
COPD to reduce the rate of misdiagnosis caused by atypical symptoms. Accord-
ing to the ratios of inflammation cells in induced sputum, airway inflammation 
could be divided into neutrophilic type, eosinophilic type mixed granulocyte 
type and pauci-granulocyte type. Then individual medication can be further 
guided so that COPD, a heterogeneous disease, could be better treated. This 
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study evaluated the correlation between Neu, Eos, and Lym in induced sputum 
and that in peripheral blood of AECOPD patients and found that the ratios of 
Neu, and Eos in induced sputum were consistent with the corresponding cells in 
peripheral blood, but there was no correction with the total number of blood 
leukocytes. 

Neutrophils can mediate emphysema through protease/antiproteinase imbal-
ance, regulate the continuous progress of chronic inflammation through delayed 
apoptosis, and release elastase and reactive oxygen species to mediate airway 
mucus hypersecretion and airway remodeling [16] [17], which are known to play 
a key role in the progress of COPD. The increased number of neutrophils in the 
airway of patients with acute exacerbation also indicates that neutrophils play an 
important role in the inflammatory response mechanism of COPD [18]. The re-
sults showed that induced sputum neutrophils were positively correlated with 
blood neutrophils, and the increased level of induced sputum neutrophils was 
significantly higher than that of peripheral blood neutrophils, indicating that 
induced sputum neutrophils could better reflect the degree of inflammation in 
patients with acute exacerbation than blood neutrophils, and were consistent 
with peripheral blood neutrophils. Jie Gao et al. found that a weaker correlation 
was between the percentage of sputum neutrophils and blood neutrophil per-
centage in AECOPD [19]. It was in accordance with our findings. They also re-
ported that blood neutrophil ratio was decreased in mixed granulocytic AECOPD 
compared with neutrophilic AECOPD, which may reflect systemic inflamma-
tion. It was reported that the neutrophils ratio in induced sputum was signifi-
cantly correlated with onset of COPD exacerbation [20]. The deterioration of 
COPD patients is usually related to neutrophilia and, to a lesser extent, eosino-
philic airway inflammation. Previous studies have found that the ratio of neu-
trophils in sputum may be a biomarker to evaluate the status of COPD, that is, 
systemic inflammation, health status, COPD severity and future risk of exacer-
bation [21]. The neutrophil percentage in sputum was associated with the sever-
ity and life quality of COPD patients, but the neutrophil percentage was not as-
sociated with the exacerbation of COPD. This suggested that an induced sputum 
test was a good method to evaluate the airway inflammatory reaction and degree 
of acute exacerbation. In this study, the leukocyte count in peripheral blood to 
cells percentage in induced sputum was also analyzed, but no positive results 
were obtained. We presumed that that may be related to the influence of many 
factors on leukocytes.  

The inflammation of AECOPD showed typically neutrophilic type, but eosi-
nophils also existed and increased, its role in the inflammation of AECOPD is 
still uncertain [22]. This study found that the ratio of induced sputum eosino-
phils in COPD patients was significantly higher than that in peripheral blood 
and was positively correlated with blood eosinophils, which was consistent with 
the results of ProboszczM et al. [23] this suggested that induced sputum eosino-
phils may help identify sputum eosinophilia in AECOPD. The result is contrary 
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to Jie Gao et al. [19] A study had also reported that blood eosinophils were a 
weak predictor of sputum eosinophils, and there was poor correlation between eo-
sinophils in induced sputum and the corresponding cell in peripheral blood [24]. 
Thus, it is not certain whether sputum eosinophils can exactly predict peripheral 
eosinophilia in the AECOPD. Previous studies have suggested that eosinophils in 
blood and airway are significantly increased in patients with AECOPD [25]. Spu-
tum eosinophilia is related to virus infection [26]. The presence of eosinophils 
indicates that patients with COPD could have a good response to bronchodila-
tors and corticosteroids [27]. The assessment of eosinophils provides the better 
guidance to the use of corticksteroids especially in the prevention of some ex-
acerbation. The GOLD 2021 [28] pointed out that blood eosinophil count can 
help clinicians to evaluate the possibility of beneficial preventive response after 
adding inhaled corticosteroids (ICS) to conventional bronchodilator treatment. 
Therefore, blood eosinophil count can be used as a biomarker in combination 
with clinical evaluation when making decisions on the use of ICS. The study 
found that sputum eosinophils in COPD patients was positively correlated with 
blood eosinophils, but it is uncertain sputum eosinophil count can be used as a 
biomarker to guide the use of ICS. It has been suggested that deterioration asso-
ciated with sputum or blood eosinophilia may be more sensitive to systemic ste-
roids [29]. The mechanisms for increased eosinophil count in patients with 
COPD are uncertain, but there has recently been considerable interest in the role 
of type 2 innate lymphoid cells (ILC2s), which might be important not only in 
intrinsic asthma but also in COPD [30] [31]. In addition, Studies found that 
compared with patients with asthma and COPD, patients with asthma COPD 
overlap had a higher percentage of eosinophils in sputum and lower level of lung 
function [23]. Inhaled corticosteroids could significantly improve the level of 
lung function and reduce the percentage of eosinophils in patients with asthma 
COPD overlap [27]. The presence of eosinophils in patients with COPD pre-
dicted a more favorable therapeutic response to bronchodilators and corticoste-
roids and indicated coexisting asthma or asthma-COPD overlap [27] [32]. 

The elevated number of T lymphocytes is found in lung parenchyma and air-
way of COPD patients, with a greater increase in CD8+ than CD4+ cells, and the 
number of T lymphocytes is known to be related to the amount of alveolar de-
struction and the severity of airflow obstruction [33]. Studies have confirmed 
that the main difference in inflammatory cell infiltration between asymptomatic 
smokers and COPD smokers is the increase in T lymphocytes, mainly CD8+ 
cells [34]. Long-term active or passive smoking causes T lymphocyte dysfunc-
tion, suppresses humoral and cellular immunity, and shows that the level of T 
lymphocyte subsets in smokers is low [35]. In addition, it has been pointed out 
that an imbalance both in T-lymphocyte subpopulation (CD4/CD8) and in 
CD8+ cell subsets (Tc1/Tc2) characterizes the inflammatory responses of smokers 
with COPD [36]. In this study, we only found that the level of lymphocytes in 
induced sputum was significantly lower than that in peripheral blood, and no 
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correlation was found between induced sputum and lymphocytes in the blood. 
We speculated that the low level of lymphocytes in the sputum better reflected 
the immunosuppression of COPD than that in blood lymphocytes, and further 
information is required to evaluate the correlation between lymphocytes and 
COPD. 

Thus, as a safe, effective, and reproducible examination method, induced spu-
tum cytology can effectively evaluate the severity and type of COPD patients, 
detect the important inflammatory markers in the airway of patients, and then 
guide the individualized and accurate medication of COPD patients, and help to 
predict the prognosis of patients. It is of great significance to reduce the fre-
quency of acute exacerbation of patients with COPD, improve the quality of life 
of patients and reduce the social and medical burden. 

Our study investigated the relationship between inflammatory cells in sputum 
and peripheral blood and found that the ratios of Neu and Eos in induced spu-
tum were significantly correlated with the proportion of corresponding cells in 
peripheral blood. Some patients were in the acute stage at admission and cannot 
complete the pulmonary function examination, thus we did not obtain complete 
pulmonary function data and could not analyze with the data of sputum and 
blood samples. We also did not conduct further investigation and follow-up on 
patients in stable stage, and we were unable to compare the data of patients in 
acute and stable stage. Another limitation is that we did not retain the biological 
samples collected, so we were unable to further study some inflammatory mark-
ers and inflammatory cells in the later stage. 
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