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ABSTRACT

Background

COPD is a major global health concern, with increasing prevalence and mortality. According to GOLD guidelines,
COPD severity is classified based on spirometry criteria. Neutrophils play a key role in COPD pathogenesis, but their
function in Acute Exacerbation of COPD (A/E COPD) is unclear. This study aimed to compare neutrophil function
tests in A/E COPD and newly diagnosed COPD patients, stratified by GOLD severity criteria.

Methods

This analytical cross-sectional study included 150 COPD patients (40-80 years) attending Respiratory Medicine
OPD/IPD at St. Peter's Medical College Hospital, Tamil Nadu, India. Neutrophil function tests (chemotaxis,
phagocytosis, intracellular killing, and NBT test) were performed on each sample.

Results

Phagocytosis was lower in A/E COPD patients (1.86 = 0.99) vs new COPD patients (2.78 + 0.96, p=0.045).
Bactericidal activity was also lower in A/E COPD patients (18.85 + 3.27) vs new COPD patients (20.54 + 2.79,
p=0.028). Neutrophil count, NBT test, and chemotaxis showed no significant differences. Majority of patients (42.7%)
were GOLD grade II (Moderate).

Conclusion

A/E COPD patients have impaired neutrophil function, particularly in phagocytosis and bactericidal activity,
contributing to disease exacerbation.
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Introduction

COPD is a major global health concern, ranking fourth
in mortality worldwide and affecting 5% of India's
adult population. By 2030, it's projected to be the third
leading cause of death globally. COPD is a chronic
lung airflow obstruction caused by inflammation from
harmful particles and gases. Key risk factors include
smoking, pollution, occupational exposure, HIV, and

IV drug use, leading to lung imbalance and activating
macrophages and neutrophils (1). AECOPD is a
worsening of symptoms like breathlessness, cough,
and sputum, leading to poor outcomes and increased
mortality. About 50% of AECOPD cases are caused
by bacteria or viral infections (2,3). Neutrophils play a
key role in COPD, with increased counts and abnormal
function. Lipopolysaccharides and inflammatory
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cytokines like GM-CSF prolong their lifespan,
disrupting normal cell death (4). This leads to
persistent neutrophils in the lungs, driving chronic
inflammation and tissue damage (5).
The Global Initiative for Chronic Obstructive Lung
Disease (GOLD) guidelines use blood eosinophil
counts for COPD management, but blood neutrophil
counts (BNC) are underutilized. Elevated BNC
indicates systemic inflammation, linked to COPD
severity and comorbidities. Research shows
correlations between disease severity and neutrophil
activation markers, such as neutrophil elastase (NE)
and myeloperoxidase, in sputum and bronchoalveolar
lavage samples (6-8). Despite this, the mechanisms
behind neutrophil migration and survival in COPD
airways are unclear, highlighting a research gap (9).
Hence, this study compares neutrophil function tests
in patients with Acute Exacerbation of COPD versus
newly diagnosed COPD at a tertiary healthcare
hospital in Tamil Nadu, aiming to evaluate the
correlation between neutrophil function and disease
severity.
Objective

The main objective of this study is to evaluate
the blood Neutrophil count and its functions test in
COPD Patients visiting a tertiary health care.
Methods and Methodology
This analytical cross-sectional study was conducted at
St. Peter's Medical College Hospital, Tamil Nadu,
India, from October 2023 to October 2024. 150 COPD
patients were selected based on consecutive sampling
method
Inclusion criteria:

° Age above 40-80years.

° Both male and female

° Both Smokers & Ex smokers

° Patients who are with known COPD and

newly diagnosed COPD cases.

° Patients with comorbidities such as CVD
(cardiovascular disease), diabetes, hypertension and
dyslipidaemia.

Exclusion criteria:

° Age <40 and > 80 years.

° Patients with other Respiratory illnesses
other than COPD (Acute infection, Autoimmune
disease, Inflammatory diseases, Tumour,
Haematological diseases)

Diagnostic criteria:

The diagnosis of COPD in this study is made using
GOLD (Global Initiative for Obstructive Lung
Disease) criteria.

According to GOLD criteria FEV1/FVC ratio <0.70%
is classifies as COPD (10). FEV1 > 80% predicted is
classified as GOLD-A or mild disease. 50% <FEV1 <
80% predicted is classified as GOLD-B or moderate
disease, 30% <FEV1<50% predicted is classified as
GOLD-C or severe disease and FEV1<30% predicted
is classified as GOLD-D or very severe disease.

Sample size:
From the previous study expected proportion of
elevated neutrophil count is 34% (11)

n=21-0’%pq
d2
q=1-p

p = 34% (proportion)

d = precision = 10%
7z=2.576f0r99% confidence interval
=2.576x2.576x0.34x0.66

0.1x0.1

=148.90
(Sample adjusted to 150)

Institutional ethical committee approval and informed
consent were obtained. Baseline data were collected
using a proforma.10 ml of blood will be collected in
two vacutainers containing ethylenediamine tetra
acetic acid as anticoagulant under the guidance of
trained staff nurse.
Methodology

After collecting the blood sample from the
patients, each sample was processed for neutrophil
function test which include nitroblue tetrazolium
(NBT) test, phagocytosis, intracellular killing
(candidacidal assay), and, chemotaxis.
Neutrophil function test
Nitroblue tetrazolium (NBT) test

Whole blood was used to analysis the NBT
assay. Take 2 test tubes, 1 test tube for stimulated cells
and another one for Unstimulated cells. In both test
tubes add 100 pl of blood,200 ul HBSS, 50 pul of NBT
(0.35 w/v prepared in 0.34% sucrose, diluted in PBS
just before use). Along with this, in stimulated tube
add 50 pl of endotoxin (prepared in house from
Escherichia coli) whereas in unstimulated tube,
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endotoxin was replaced with additional 250 pl of
HBSS. Then both tubes were incubated for 20minutes
at 37°C and further 20 minutes at room temperature.
Prepare the thin smear from the tubes and stained with
Giema and focused under oil immersion (100 x).
Count 200 neutrophils, among theses the observed cell
which contain bluish black formazone granules was
considered as stimulated by endotoxin. The ratio of
stimulated and the unstimulated cell was expressed as
percentage (12)
Purified WBC separation was needed for the
remaining 3 assay
Process for WBC —separation
2ml of EDTA blood was mixed equal quantities of
1%Phosphate Buffered Saline (PBS) and 1% gelatin
salutation. After mixing, the tube was kept upright for
45 minutes without distributing. At the end of 45
minutes, all the RBCs were settling down at the
bottom of the tube, where as WBC and plasma were
appearing at the upper layer which was collected and
centrifuged for 3-5 min at 3000 RPM. The deposit
which contain cells were washed for 3 times with 2ml
of PBS with 7.2 PH to remove gelatin remnants.
Finally the cell concentration was adjusted by adding
1 ml of HBSS. (13, 14)
Phagocytosis Function

Heat killed Candida albicans was used to test
phagocytosis function. In one test tube, 250pl each of
Hank’s solution, 250ul plasma (pooled normal human
serum), 250ul heat killed Candida suspension and
250pul of WBC suspension were added. In a second
tube serum was replaced with 500 pl of Hanks solution
which act as negative control. After thorough mixing,
both tube was incubated at 37°C for 30 minutes
followed by centrifuged the tubes at 3000 rpm for 5
min and the supernatant was discarded. Prepared a
smear from the sediment and stained with Geimsa
stain observed under microscope. Examine 200
neutrophil and count the number of Candida ingested
per cell which was expressed as mean particle number
(MPN). (15)
Candidacidal assay
This test help to assess the intracellular killing
function. One tube considered as test which contain
250 pl of WBC suspension, 250 ul of Hanks solution,
250 ul of autologous plasma, and 250 pl of live
Candida cells. Another tube considered as control
which contain 250ul of WBC suspension, 250ul of
live candida, 500 pl of Hanks solution. Both tubes

were incubated at 37°C for 1 h with intermittent
shaking. At the end of the incubation, 250 pl of 2.5%
sodium deoxycholate was added to each tube and
mixed well followed by 2 ml of 0.01% methylene blue,
mixed and centrifuged at 2000 rpm for 10 min. Discard
the supernatant and charged a small drop of deposited
solution in the Neubauer counting chamber and at least
300 Candida cells were counted. Count the proportion
of dead cells taken by methylene blue and appear blue
color versus unstained cells (16)

Chemotactic activity

On a clean glass slide (25 mm x 75 mm), 5 ml of 1.2%
agarose solution containing MEM medium, pooled
human serum, and sodium bicarbonate were poured
and allowed to solidify. Series of 3 wells were cut at
the diameter of 3mm at a distance of 3mm. The central
well was loaded with Formyl-Methionyl-Leucyl-
Phenylalanine (FMLP) a known chemoattractant and
the peripheral wells contained WBC cells (test
samples). In a control set up where chemoattractant is
replaced with subject’s serum. The slides were
incubated at 37°C for 2 h and then it was immersed in
methanol for 30 min followed by fixation with
formalin for 30 min. After the removal of the agarose
layer the slide was stained with Giemsa. And measure
the linear distance travelled by the cells under the
microscope using an oculometer. Spontaneous
migration toward the well containing buffer also noted
to calculate chemotactic index. (16)

Statistical Test

SPSS version 16 was used to analysis the data for this
study, Categorical data was expressed as frequency
and percentage. Neutrophil function test was
compared with personal habit of COPD patients and
between A/E COPD & New COPD patients by One
way ANOVA and student t test respectively. p value
less than 0.05 was considered statistically significant
Results

Table 1: Distribution of COPD patients by GOLD
grade (Spirometry Criteria)

GOL FEV N £
D Severi 1 % P:t.‘ On' Percenta
Grad everity Rang ts e ge
e e
1 Mild >80 35 233
il Modera | S0=1 ¢, 4.7
te 79
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very severe COPD are distributed across all age
groups. Males outnumber females across all grades,
representing a potential gender disparity in COPD
prevalence or diagnosis.

Table 3: Comparison of Neutrophil Functions Test

30-
I 21 14.
Severe 49 0
v Very <30 |30 20.0
Severe
Total 150 100

Table 1 shows the distribution of COPD patients by
GOLD grade, based on spirometry criteria. The
majority of patients that is 42.7% had moderate
disease, 23.3% had mild disease, 20% had very severe
disease and 14% had severe disease. This indicates a
significant proportion of this study patients have
moderate COPD, highlighting the need for early
intervention and management.

by personal habit among COPD Patients

Table 2: Demographic Characteristics of COPD

Patients Stratified by GOLD Severity

Criteria
GOLD Severity Criteria
D h
icemograp Mi o Ver Tot
.| 1d | Mode Y la
Characteris ere Sev
. N rate N
tics N ere
=3 | N=65 =1
5 e B
30
<50 |6 0 0 2 8
Age
50—
grou | oo 4 2 2 2 10
p
(yea 60- 17 | 50 12 18 97
69
rs)
>70 | 8 12 7 8 35
Mal |00 | 47 16 |21 |104
Gen | e
der F
s |17 5 |9 |46
ale

Smok Non- Betel
Neutrophil or Smok | Chewe | p-
Functions er rs valu
Test Mean Mean | Mean+ | e

+SD

+SD SD

Neutrophil | 72.5+ 70.8+ 719 £ | 0.32
Count (%) | 8.13 7.51 7.63 6
NBT Test | 36.03+ | 33.67+ | 30.5¢ 0.15
(% Cells) 10.63 9.02 9.07 6
Phagocytos
is (Mean | 2.110+ | 2.07¢ 1.92+ 0.44
Particle 1.04 0.88 0.83 7
Number)
Chemotaxi | 0.42+ 0.41+ 0.44+ 0.52
s (mm) 0.15 0.14 0.13 4
Candidaci
dal assay | 19.46+ | 19.48+ | 18.7+ 0.28
(% of Dead | 6.02 4.02 5.4 9
Candida)

NBT- Nitroblue tetrazoliumTest

Table 3 demonstrates the comparison of neutrophil
functions in COPD patients based on smoking status.
This results indicates that there was no significant
differences in neutrophil count, NBT test,
phagocytosis, chemotaxis, and bactericidal activity
among smokers, non-smokers, and betel chewers. This
suggests that smoking status may not significantly
impact neutrophil function in COPD patients.

Figure 1: Comparison of Neutrophil Functions
Test of Neutrophil count, NBT test and
Candidacidal assay between A/E COPD & New
COPD Patients

Table 2 depicts the demographic characteristics of
COPD patients. Most patients (64.7%) are between
60-69 of age, with a significant proportion of males
(69.3%). The majority of patients with moderate
COPD are in the 60-69 age group, while those with
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Figure 1 shows a comparison of neutrophil functions
in patients with Acute Exacerbation of COPD (A/E
COPD) and newly diagnosed COPD. Neutrophil
count, NBT test, and chemotaxis, didn’t show any
significant difference. This suggests impaired
neutrophil function in A/E COPD patients, potentially
contributing to disease exacerbation.

Figure 2: Comparison of Neutrophil Functions
Test of Phagocytosis and chemotaxis assay between
A/E COPD & New COPD Patients

4

= A/ECOPD

Chemotaxis **

Phagocytosis **
Neutrophil Function Test

Note- ** significant

Figure 2 depicts phagocytosis and bactericidal activity
between A/E COPD and new COPD. We have noticed
a significant difference between the two groups (p <
0.05), with lower phagocytosis and bactericidal
activity in A/E COPD patients.

Discussion

Chronic obstructive pulmonary disease is the third
commonest cause of death globally. COPD caused
3.84 million deaths in 2019, and the number is
expected to increase 4.4 million annually by 2040.
Even though COPD is a considerable problem
universally, China and India accounts for more than
50% of all cases of global COPD (17).

Airway inflammation includes a complex network of
interactions connecting various immune-related cells,
comprising neutrophils and lymphocytes, which can
lead to persistent respiratory tissue injury and damage
(18). Neutrophils are crucial players in the
inflammatory response in COPD, often collecting in
the airways and contributing to tissue damage. Raised
neutrophil counts are commonly noticed in COPD
patients, signifying their participation in disease
pathogenesis.

In this present study, 42.7% had moderate disease,
with FEV1% ranging from 50-79. 23.3% of patients
had mild, 20% with very severe disease and 14% had
severe disease. The distribution indicates a significant
proportion of patients had moderate COPD,
highlighting the need for targeted interventions to
prevent disease progression.

Hogendoorn et al conducted a review of 37 similar
studies, have reported that COPD exacerbation rates
increases with disease severity. They have found that
global exacerbation occurrences were 0.82 for mild,
1.17 for moderate, 1.61 for severe, and 2.10 for very
severe COPD, indicating a strong link between airflow
limitation and exacerbation risk (19).

In the present study, majority of patients that is 64.7%
were in the 60-69 age group, indicating a high burden
of COPD in this age range. Notably, the moderate
COPD group had the highest number of patients, with
50 of them in the 60-69 age group. The very severe
COPD group had 30 patients, with an even distribution
across age groups. The gender inequality was evident
in this study, with males accounting for approximately
69% of the study population, suggesting potential
differences in COPD prevalence or diagnosis between
genders.

Morena D et al found a prominent age difference
between individuals with and without COPD. The
COPD population had a mean age of 73 years that is
significantly higher than those without COPD and
their mean age was 40 years. This highlights the strong
link between increasing age and COPD prevalence
(20).

Studies by Christopher et al. (21) and Sinha et al. (22)
reported different COPD prevalence rates. Christopher
et al. found 4.6% prevalence among 1015 individuals,
with females slightly higher (4.9%) than males (4.1%).
Sinha et al. reported 10.1% prevalence among 1203
individuals, with males higher (12.2%) than females
(7.8%). These variable values indicates COPD's
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heterogeneity across populations and settings,
highlighting the need for localized data to guide
targeted interventions.

The present study compared neutrophil functions in
COPD patients based on smoking status, including
smokers, non-smokers, and betel chewers. The results
showed no significant differences in neutrophil count,
NBT test, phagocytosis, chemotaxis, and bactericidal
activity among the three groups (p > 0.05 for all). The
mean values for these neutrophil functions were
comparable across smokers, non-smokers, and betel
chewers, indicating that smoking status may not have
a significant impact on neutrophil function in COPD
patients. This suggests that other factors may be
contributing to the altered neutrophil function
observed in COPD.

Unlike our study, Van der et.al, reported that acute
smoking augmented circulating neutrophil counts,
signifying neutrophils were mobilized into the
bloodstream, possibly driving inflammation in
smoking-related diseases like COPD (23).
Neutrophils play a key role in killing bacteria, mainly
through phagocytosis. These cells kill bacteria by
phagocytosis, releasing reactive oxygen species
(ROS), lactoferrin, and proteinases, or producing
neutrophil extracellular traps (NETs). In COPD,
disease advancement continues even though,
neutrophils are abundant in the lungs, due to infectious
exacerbations. This suggested that neutrophil function
may be impaired or overwhelmed in COPD,
contributing to disease pathology (24).

In our study, we compared neutrophil functions in
patients with Acute Exacerbation of COPD (A/E
COPD) and newly diagnosed COPD. The results
showed significant differences in phagocytosis and
bactericidal activity between the two groups.
Phagocytosis was lower in A/E COPD patients (1.86
+0.99) compared to new COPD patients (2.78 £0.96),
with a p-value of 0.045. Similarly, bactericidal activity
was lower in A/E COPD patients (18.85 + 3.27)
compared to new COPD patients (20.54 + 2.79), with
a p-value of 0.028. However, neutrophil count, NBT
test, and chemotaxis showed no significant differences
between the two groups. These findings suggest that
A/E COPD patients have impaired neutrophil
function, particularly in phagocytosis and bactericidal
activity, which may contribute to disease
exacerbation.

Conclusion

This comparative evaluation of neutrophil function
tests in patients with Acute Exacerbation of COPD
versus newly diagnosed COPD at a tertiary healthcare
hospital in Tamil Nadu reveals impaired neutrophil
function in A/E COPD patients, particularly in
phagocytosis and bactericidal activity. These findings
suggest that targeting neutrophil dysfunction could be
a potential therapeutic strategy for managing COPD
exacerbations, ultimately improving patient outcomes
in this population.
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