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Abstract 
Background: Chronic Obstructive Pulmonary Disease (COPD), affecting 10.3% of the global population, is 
marked by persistent airway inflammation, primarily driven by neutrophils, with contributions from macrophages, 
lymphocytes, and occasionally eosinophils. Current severity classification relies on spirometry (postbronchodilator 
FEV1), but lacks biomarkers reflecting inflammatory mechanisms critical for personalized treatment and 
monitoring disease progression. 
Sputum cytology offers a non-invasive method to study airway inflammation, potentially identifying disease sub-
types and guiding therapy. This study investigates the relationship between sputum cytology profiles and 
spirometric severity in COPD patients to enhance understanding of inflammatory patterns and their clinical 
implications.  
Methods: A cross-sectional study was conducted at The Oxford Medical College Hospital and Research Centre, 
Bangalore, over six months, enrolling 60 spirometry-diagnosed COPD patients aged >40 years, excluding those 
with tuberculosis, asthma, or cardiac diseases. 
Informed consent and ethical clearance was obtained. Sputum samples was collected, smeared, stained, and 
analysed for neutrophil, eosinophil, lymphocyte, macrophage, and epithelial cell counts. Spirometry were 
classified as airflow obstruction severity (GOLD 1–4). Descriptive statistics, Chi-square tests, and paired t-tests 
was evaluate associations between sputum cytology and spirometric findings.  
Results: In this cross-sectional study of 60 COPD patients (mean age 65.7), biomass exposure (88.3%) exceeded 
smoking (40%). GOLD 2 and 3 stages were most common (41.7% each). Sputum cytology revealed uniform 
neutrophilic inflammation (~70%) across all stages.  
Conclusion: The consistent neutrophilic profile suggests a stable inflammatory pattern, offering insights for 
targeted management. Uniform neutrophilic inflammation across GOLD stages indicates limited utility of sputum 
cytology in differentiating disease severity or phenotypes. 
Keywords: Sputum Cytology, Neutrophil, inflammation, COPD, Spirometry. 
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Introduction 

Chronic obstructive pulmonary disease (COPD) is a 
major cause of chronic morbidity and mortality 
throughout the world with global prevalence of 
10.3%. Many people suffer from this disease for 
years and die prematurely from it or its 
complications. [1] COPD is characterized by 
persistent and progressive airway inflammation. The 
standard method for classifying disease severity is 

the measurement of forced expiratory volume in 1 
second (FEV1). However, there is a need for 
biomarkers that are reflective of the inflammatory 
mechanisms involved in disease pathogenesis. [2] 
Airway inflammation plays an important part in the 
pathogenesis of chronic obstructive pulmonary 
disease. The cellular inflammatory response of the 
bronchial mucosa is characterized by infiltration of 
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eosinophils and mast cells in asthma, while 
infiltration of macrophages, neutrophils, T 
lymphocytes but not eosinophils is thought to be the 
predominant pattern in COPD. [3] The non-invasive 
biomarkers to analyse the airway inflammation play 
a critical role in the planning and offering the 
treatment. [4] 

Sputum induction has offered an opportunity to 
study inflammation in COPD patients. Sputum 
analysis has shown an increased numbers of 
macrophages and neutrophils in COPD patients 
compared to normal subjects. In some studies, 
increased numbers of eosinophils have been also 
reported. Changes in various mediators like IL-8, 
LTB-4 and TNF-alpha, have been found in sputum 
supernatant of COPD patients. [5] 

Objective of the study: To analyse and compare the 
spirometric severity of airflow obstruction with 
sputum cytology in patients with COPD 

Methods 

This cross-sectional study, conducted over six 
months at The Oxford Medical College Hospital and 
Research Centre, Bangalore, investigates COPD 
patients diagnosed via spirometry, aged over 40, 
who provided informed written consent (Inclusion 
criteria) 

The sample size, calculated based on Dave Singh et 
al. [2] study on sputum neutrophils as a COPD 
biomarker, is 60, derived using the formula - 

n= 4pq /d² 

(p=16.4%, q=83.6%, d=10%).  

Exclusion criteria include patients with active 
tuberculosis, asthma, ischemic heart disease, or 
other cardiac conditions. 

The methodology involves obtaining ethical 
clearance and informed consent, followed by 
detailed clinical history, examination, and blood 
investigations (complete blood count, peripheral 
smear). Spirometry, performed using the HELIOS 
401 spirometer, grades airflow obstruction severity 
based on FEV1/FVC ratios and FVC percentages. 
Categories include normal, obstructive, restrictive, 
or mixed lung disease patterns, with COPD severity 
classified as 

• Mild (GOLD 1, FEV1 ≥80%), 
• Moderate (GOLD 2, 50%≤FEV1<80%), 
• Severe (GOLD 3, 30%≤FEV1<50%),  
• Very severe (GOLD 4, FEV1<30%). 

Sputum Cytology 

1. Sputum Collection: 

Step 1: Do not eat, drink or smoke before coughing 
up sputum from the lungs. Rinse (do not swallow) 
the mouth with water before sputum is collected to 

minimize residual food particles, mouthwash, or oral 
drugs that might contaminate the specimen. 

Step 2- Take several deep breaths. Cough hard from 
deep inside the chest three times to bring sputum up 
from your lungs. Collect the sputum in the container 
carefully. Try not to touch the rim of the container. 
Repeat until you have 1 – 2 tablespoons of sputum in 
the container. Replace the cap tightly on the 
container. Patient details like name, hospital ID, 
subject ID along with date and time of its collection 
is written over the specimen container. 

Step 3- Place the specimen container in the clear 
plastic bag that has the biohazard symbol imprint 
and handover to the laboratory along with the 
request form which contains patient details like 
name, hospital ID, subject ID, date and time of 
collection of specimen. 

Step 4-Method of sputum induction if the patient is 
unable to expectorate normally. Observe standard 
precautions at all times like wearing a face mask and 
gloves. 

Place approximately 5 mL of 3% saline into the 
nebulizer. Set the flow at 6-8 L/min and nebulize 
saline for 7-10 minutes or until sputum is 
expectorated. Ask the patient to inhale the nebulized 
3% saline deeply 2-3 times followed by a vigorous 
cough. This will assist in expectorating quality 
sputum. Collect the sputum into a sterile specimen 
container.  

Label the specimen with patient details along with 
time and date of its collection and place it in a 
specimen bag. Attach a laboratory request form and 
handover in the laboratory. 

2. Sputum Smearing: 

After the sputum sample is obtained in the lab, two 
thin smears are done on 2 glass slides, followed by 
fixation by 90% alcohol and air drying. One smear 
is stained with Haematoxycilln and Eosin stain 
whereas second smear is stained with Papanicolaou 
stain. Later the smears are observed under the 
microscope and different types of cell count is done. 

3. Spirometry:  

Lung function was assessed using a computerized 
Spiro- meter HELIOS 401 supplied by RMS 
(recorders and medicare system private limited) 
Chandigarh. 

The spirometry results were analyzed and divided in 
following four categories: [6,7] 

a. The patients with ratio of FEV1 (forced 
expiratory 1 volume in the first second) to FVC 
(forced vital capacity) of more than 70% and 
with a FVC of more than 80% predicted were 
classified as normal. 

b. The patients with ratio of FEV1 to FVC less 
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than 70% and FVC more than 80% predicted 
were classified as having obstructive pattern of 
lung disease. 

c. The patients with ratio of FEV1 to FVC of more 
than 70% and FVC less than 80% of predicted 
were classified as having restrictive pattern of 
lung disease. 

d. The patients with ratio of FEV1 to FVC of less 
than 70% and with FVC of less than 80% 
predicted were classified as having Mixed 

pattern of lung disease. 

Grade FEV1 

Mild COPD [GOLD 1] > or =80% of predicted 
Moderate COPD [GOLD 2] <80% but >or= 50% of 
predicted Severe COPD [GOLD 3] <50% but >or 
=30% of predicted Very severe COPD [GOLD 4] 
<30% of predicted. 

Results

 
Table 1: Showing the Descriptive statistics for key variables 

Variable Mean Standard Deviation Frequency Proportion (%) 
Age (years) 65.68 9.97 60 100% 
BMI (kg/m²) 24.74 6.36 60 100% 
Smokers - - 24 40.00% 
Biomass Exposure - - 53 88.33% 
PRE FEV1 (L) 1.08 0.41 60 100% 
POST FEV1 (L) 1.12 0.38 60 100% 
PRET FVC (L) 1.20 0.54 60 100% 
POST FVC (L) 1.37 0.52 60 100% 
PRET FEV1/FVC (%) 68.72 17.01 60 100% 
POST FEV1/FVC (%) 74.97 18.23 60 100% 
GOLD COPD Stage 1 - - 10 16.67% 
GOLD COPD Stage 2 - - 25 41.67% 
GOLD COPD Stage 3 - - 25 41.67% 
GOLD COPD Stage 4 - - 0 0.00% 
SC NEUTROPHIL COUNT (%) 70.00 0.00 60 100% (all 70%) 
SC LYMPHOCYTE COUNT (%) 30.00 0.00 60 100% (all 30%) 
SC EOSINOPHIL COUNT (%) 0.00 0.00 60 100% (all 0%) 
SC MACORHAGE COUNT (%) 0.08 0.27 60 6.67% (non- zero) 

 

 
Figure 1: 

 
Presents descriptive statistics for a study of 60 
COPD patients, focusing on demographic, clinical, 
and spirometry data, as well as sputum cytology.  

The mean age is 65.68 years (SD 9.97), with all 60 
patients accounted for (100%). BMI averages 24.74 
kg/m² (SD 6.36).  Lifestyle factors show 24 smokers 
(40%), 53 with biomass exposure (88.33%). 
Spirometry data indicates pre- treatment FEV1 at 
1.08 L (SD 0.41) and FVC at 1.20 L (SD 0.54), 
improving post-treatment to 1.12 L (SD 0.38) and 

1.37 L (SD 0.52), respectively, with FEV1/FVC 
ratios rising from 68.72% (SD 17.01) to 74.97% (SD 
18.23). 

GOLD stages distribute as 10 mild (16.67%), 25 
moderate (41.67%), 25 severe (41.67%), and 0 very 
severe (0%).  

Sputum cytology reveals uniform neutrophil (70%) 
and lymphocyte (30%) counts, with no eosinophils 
(0%) and a minimal macrophage presence (mean 
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0.08%, SD 0.27, 6.67% non- zero).

Table 2: Showing the GOLD stage of COPD in smoker and non-smoker patients 
GOLD Stage Smokers (Yes) Smokers (No) Total 
GOLD 1 4 6 10 
GOLD 2 10 15 25 
GOLD 3 10 15 25 
Total 24 36 60 

 
The table correlates sputum cytology in COPD 
patients with GOLD stages and smoking status. 
GOLD 1-3 stages show increasing inflammatory 
profiles, with smokers (24) and non- smokers (36) 

totaling 60 patients. Higher GOLD stages (2-3) 
exhibit more severe spirometric impairment, with 
equal distribution (25 each) compared to GOLD 1 
(10).

 
Table 3: GOLD stage of COPD correlation with Biomass exposure 

GOLD COPD STAGE Biomass Exposure 
1 14 
2 23 
3 19 
4 1 

 
Biomass exposure is prevalent across all COPD severities, including 100% of GOLD 1, 3, and 4 patients. This 
suggests that biomass exposure may play a significant role in both early and advanced stages of COPD. 
 

Table 4: Paired t-test Results 
Parameter Pre- Treatment 

Mean 
Post- Treatment 
Mean 

Mean 
Difference 

t- statistic p- 
value 

Conclusion 

FEV1 (L) 1.08 1.12 0.04 1.64 0.106 Not significant 
 
The paired t-test compares pre- and post-treatment 
means for spirometry parameters (e.g., FEV1, FVC) 
to assess improvement. 

-Mean PRET FEV1 = 1.08 L, Mean POST FEV1 = 
1.12 L is the FEV1 (L) value. 0.04 L is the 
difference.  

P-value > 0.05, suggesting no discernible 
improvement. 

Spirometric Measures: 

• PRET FEV1: Mean = 1.08 L, SD = 0.41, 
reflecting reduced lung function. 

• POST FEV1: Mean = 1.12 L, SD = 0.38, 
showing slight improvement post- 
bronchodilator. 

There is only slight improvement in FEV1, which is 
not statistically significant. 

 
Table 5: Shows the "Sputum Cytology and Spirometric Severity in COPD 

GOLD Stage Mean Neutrophil % SD Count 
1 69.64286 1.336306 14 
2 69.80769 0.567044 26 
3 69.42105 1.304513 19 
4 70  1 

 
In descriptive Statistics: Mean neutrophil count (~70%) with low variability indicates a uniform inflammatory 
profile across all GOLD stages. 
 

Table 6: Shows Sputum cytology in Smokers and Non-Smokers 
Smoking Status Mean Neutrophil % SD Count 
Non-Smokers 69.73077 1.041449 26 
Smokers 69.58824 1.047874 34 

 
Neutrophilic inflammation remains uniformly high across both smokers and non-smokers, with no clinically 
meaningful difference. 
 

 
 



 
  

International Journal of Current Pharmaceutical Review and Research           e-ISSN: 0976-822X, p-ISSN: 2961-6042 

Jyothi et al.                                      International Journal of Current Pharmaceutical Review and Research  

946   

Table 7: Shows Sputum cytology in Biomass exposures 
Biomass Exposure Mean Neutrophil % SD Count 
No Biomass Exposure 69.33333 1.154701 3 
Biomass Exposure 69.66667 1.040833 57 

 
Neutrophilic inflammation is consistently high in 
both groups, with only a slight, clinically 
insignificant difference. This suggests that sputum 
neutrophil levels are not markedly influenced by 
biomass exposure. 

Frequencies (e.g., GOLD 2/3: 41.67% each) show 
balanced severity distribution, but neutrophil counts 
do not differ by stage or exposure. In this cross-
sectional study of 60 COPD patients, sputum 
neutrophil counts (~70%, low variability) show no 
significant relationship with health status indicators, 
including GOLD stage (p=1.0 for smoking 
association), spirometric measures, or exposures 
(smoking, biomass). The uniform neutrophilic 
inflammation across mild to severe COPD suggests 
it is a baseline disease feature, not a dynamic marker 
of health status in this single-time-point analysis. 

Discussion 

This cross-sectional study of 60 COPD patients at 
The Oxford Medical College Hospital and Research 
Centre, Bangalore, aimed to correlate sputum 
cytology profiles with spirometric severity, focusing 
on inflammatory patterns and their clinical 
implications. The findings provide insights into the 
role of sputum neutrophils in COPD and their 
relationship with health status, as assessed by GOLD 
stage, spirometric measures, and environmental 
exposures. The study population, with a mean age of 
65.68 years (SD=9.97) and BMI of 24.74 kg/m² 
(SD=6.36), reflects a typical elderly COPD cohort 
with varied nutritional status. Spirometric data 
showed impaired lung function (PRET FEV1: 1.08 
L, SD=0.41; PRET FVC: 1.20 L, SD=0.54), with 
modest post-bronchodilator improvements (POST 
FEV1: 1.12 L, SD=0.38; POST FVC: 1.37 L, 
SD=0.52). Paired t-tests indicated no significant 
FEV1 improvement (p=0.106), consistent with 
COPD’s irreversible nature (Global Initiative for 
Chronic Obstructive Lung Disease [GOLD]). 

Sputum cytology revealed a uniform neutrophilic 
dominance (~70%, SD~0) across all patients, with 
lymphocytes (~30%) and negligible eosinophils or 
macrophages. Contrary to the hypothesis that higher 
neutrophil counts would correlate with severe 
airflow obstruction (GOLD 3–4), no variation was 
observed across GOLD stages (GOLD 1: 16.67%, 
n=10; GOLD 2: 41.67%, n=25; GOLD 3: 41.67%, 
n=25). This lack of correlation aligns with studies 
suggesting sputum neutrophils may reflect a 
baseline inflammatory state in COPD rather than a 
dynamic marker of severity [8]. The absence of 
eosinophilic profiles also indicates a predominantly 
neutrophilic COPD phenotype in this cohort, 

potentially limiting the identification of eosinophil-
driven sub-types responsive to corticosteroids [9]. 

The Chi-square test showed no association between 
smoking status (40% smokers, n=24; 60% non-
smokers, n=36) and GOLD stage ((\chi^2=0), df=2, 
p=1.0), with neutrophil counts consistent across 
groups (~70%). This finding challenges the 
expectation that smoking exacerbates neutrophilic 
inflammation, possibly due to the high prevalence of 
biomass exposure (88.33%, n=53), a known driver 
of airway inflammation in low-resource settings 
[10].  

Comparatively, a study by Kim et al. (2018) [11] 
found sputum neutrophils correlated with BODE 
scores and hospital stay in severe COPD, outcomes 
not assessed here. Our findings suggest sputum 
neutrophils are a baseline feature in stable COPD, 
not a dynamic biomarker for severity or health 
status, aligning with Singh et al. [8] for stable 
patients but diverging during exacerbations. The 
lack of correlation with spirometry or exposures 
underscores the complexity of COPD inflammation, 
potentially driven by local environmental factors 
like biomass. 

The uniform sputum cytology profile raises 
questions about data reliability, as zero standard 
deviation in neutrophil and lymphocyte counts is 
unusual in biological samples. This could reflect 
methodological limitations, such as standardized 
reporting or insufficient sensitivity in cytological 
analysis (e.g., Hematoxylin and Eosin, Papanicolaou 
staining). Future studies should incorporate 
quantitative techniques like flow cytometry to 
enhance precision [12]. 

The cross-sectional design limits causal inferences, 
capturing only a single time point. Longitudinal 
studies are needed to assess how neutrophil levels 
evolve with disease progression or treatment. 
Additionally, the lack of correlation with clinical 
outcomes (e.g., BODE scores, hospital stay) 
suggests sputum neutrophils may not be a robust 
biomarker for health status monitoring in stable 
COPD, though their role in exacerbations warrants 
further exploration [13]. Neutrophils are thought to 
play a role in pulmonary inflammation in COPD 
[14]. Induced sputum neutrophil counts are raised in 
COPD patients compared to controls, suggesting 
that this measurement has potential as a biomarker 
of airway inflammation in COPD. The zero standard 
deviation in neutro-phil and lymphocyte counts 
raises concerns about data reliability, possibly due to 
methodological limitations in cytological analysis 
(Hematoxylin and Eosin, Papanicolaou staining). 
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Stanescu et al. (1996) [15] emphasized the need for 
quantitative techniques like flow cytometry to 
capture subtle inflammatory variations, which our 
study may have missed. Additionally, the cross-
sectional design limits insights into temporal 
changes, unlike longitudinal studies by Wedzicha et 
al. (2017) [16], which showed neutrophil 
fluctuations with exacerbations and treatment 

In conclusion, this study highlights the pervasive 
neutrophilic inflammation in COPD but finds no 
significant relationship with spirometric severity or 
smoking status, likely influenced by widespread 
biomass exposure. These findings underscore the 
need for refined biomarkers and longitudinal 
research to guide personalized COPD management. 
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