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Abstract
Tobacco-related diseases are the foremost cause of death globally. This research investigates the 
impact of smoking on lung function and the colonization of respiratory pathogens in asymptomatic 
smokers. Forty male smokers and forty age-matched non-smoker controls aged between 25-45 years 
were recruited. Nicotine dependence was evaluated using the Fagerstrom test for nicotine dependence 
questionnaire, while cumulative tobacco consumption was measured in pack-years. Pulmonary 
function test (PFT) was performed and morning sputum samples were collected for the molecular 
detection of Streptococcus pneumoniae, Haemophilus influenzae, and Moraxella catarrhalis using 
the conventional polymerase chain reaction (PCR) method. PFT parameters  FVC (L), FEV1 (L), FEV1/
FVC%, PEFR (L/m) and FER25-75% (L/s) were lower in smokers when compared to controls. H. influenzae 
was detected in 65% of smokers and 20% of controls, whereas S. pneumoniae was detected in 57.5% 
of smokers and 12.5% of controls. M. catarrhalis was detected 5% in only smokers. After sequencing, 
the identified virulent H. influenzae strain SC50876 was found in smokers. Through the application 
of multiple regression analysis, it was found that there are significant negative correlations between 
H. influenzae and both FVC and PEFR in individuals who smoke. This study provides novel evidence 
that smoking impairs lung function and promotes early colonization of the lower respiratory tract 
by Streptococcus pneumoniae, Haemophilus influenzae, and Moraxella catarrhalis, particularly the 
virulent H. influenzae strain SC50876. Multiple regression analysis revealed a significant negative 
association between bacterial presence and FVC and PEFR in asymptomatic smokers, suggesting 
that such colonization may accelerate functional decline and contribute to the early development of 
respiratory disease in otherwise asymptomatic individuals.

Keywords: Pulmonary Function Test, Nicotine Dependence, Streptococcus pneumoniae, Haemophilus influenzae, 
Moraxella catarrhalis, Smokers

INTRODUCTION

	 Chronic respiratory diseases, including 
COPD, lower respiratory tract infections and 
lung cancers, are among the foremost causes 
of mortality worldwide, ranking 3rd, 4th, and 5th, 
respectively.1 Tobacco smoke contains numerous 
harmful chemicals and is a well-documented 
contributor to the development and progression 
of these diseases. It often works in combination 
with air pollution, microbial infections, and genetic 
factors to exacerbate respiratory health issues. 
Cigarette smoke (CS) hampers the natural defense 
mechanisms of the lung by impairing mucociliary 
clearance,2 damaging the airway epithelial 
lining3 and weakening local immune responses.4 
Streptococcus pneumoniae (S. pneumoniae), 
Haemophilus influenzae (H. influenzae), and 
Moraxella catarrhalis (M. catarrhalis) are the 
pathogens most often associated with lower 
respiratory tract infections related to smoking. 
While S. pneumoniae is usually harmless in the 
upper respiratory tract, smokers have weakened 
mucosal defenses, allowing the bacteria to 
migrate into the lower airways. In smokers, 

non-typeable H. influenzae (NTHi) shifts from 
benign to harmful pathogens, playing a major 
role in chronic bronchitis and COPD flare-ups.5-8 
Similarly, M. catarrhalis thrives in environments 
exposed to smoke, contributing to excessive 
mucus production, reduced ciliary activity and 
emphysema-like changes in animal models.9,10 

Sputum offers a simple and non-invasive sample 
for studying the lower airway as it contains mucus, 
host cells, and microbial DNA. Although traditional 
culture methods are still the diagnostic standard, 
they often fail to identify organisms that are 
difficult to grow. Molecular techniques, such as the 
(PCR) polymerase chain reaction, offer enhanced 
sensitivity and expedited results. By targeting 
specific genes-psaA for S. pneumoniae, ompP6 
for H. influenzae, and MCAT for M. catarrhalis  
-researchers can accurately detect these pathogens. 
Subsequent sequencing further confirmed the 
species and identified differences at the strain 
level. Although there is increasing recognition 
of the significance of microbes in the lungs, 
limited research has investigated the association 
between microbial colonization and lung function. 
This leaves a significant gap in understanding 
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whether the presence of respiratory pathogens 
differs between smokers and non-smokers. If so, 
whether this microbial difference contributes to 
early impairments in pulmonary function. Our 
study addresses this gap by pairing molecular 
detection of key respiratory bacteria in sputum 
from smokers with lung function testing using 
spirometry. By categorizing participants based on 
their smoking habits and nicotine dependence, we 
uncovered new early indicators, both microbial 
and functional, of tobacco-related lung injuries. 
This is the first study to assess molecular detection 
of early colonization of respiratory pathogens in 
an asymptomatic smoker’s sputum samples. This 
integrated approach offers a promising model 
for early risk prediction and developing disease 
preventing strategies.

MATERIALS AND METHODS

Study Design and Population
	 This analytical cross-sectional study was 
conducted by the Departments of Physiology and 
Pulmonary Medicine at Mahatma Gandhi Medical 
College and Research Institute, in collaboration 
with the Mahatma Gandhi Advanced Research 
Institute (MGMARI), Puducherry. Forty smokers 
and forty controls aged 25-45 years were recruited 
in each group using purposive sampling. The study 
was carried out between April 2023 and January 
2025, during which biological samples were 
collected and wet-laboratory procedures were 
systematically performed. 

Ethical approval and informed consent
	 Approval was granted by the Institutional 
Ethics Committee of Mahatma Gandhi Medical 
College and Research Institute, Puducherry 
(Approval No.: Ph.D. Project/04/2019/003; Date 
of approval: 15 March 2023). Written informed 
consent was obtained from all participants after 
explaining the study objectives and procedures in 
their native language.

Sample size calculation
	 In the research conducted by Pramanik 
et al., the determination of the sample size was 
achieved by evaluating the mean FEF25–75% values 
across the two groups. It was concluded that 
enrolling 40 participants in each group would 

be sufficient to identify the expected effect size, 
maintaining a 5% significance level and 80% 
statistical power.11 

Inclusion and exclusion criteria 
	 The study group included individuals who 
had been smoking tobacco products daily for at 
least one year (according to the WHO guidelines).12 
Individuals with a history of respiratory illnesses 
(including asthma, COPD, bronchitis, tuberculosis, 
or COVID-19), those employed in environments 
with high dust exposure (such as textile mills, 
cement plants, or coal factories), those with 
inflammatory conditions or recent infections, and 
those receiving immunosuppressive treatment 
were not included in the study. Control participants 
were healthy, age- and BMI-matched non-smokers 
from the same community.

Nicotine Dependence and Pulmonary Function 
Testing
	 The smokers were assessed with the 
Fagerstrom test for nicotine dependence (FTND) 
to identify their nicotine addiction levels, and pack-
year calculations were conducted to measure their 
tobacco exposure. 
	 For all participants, measurements such 
as age, height, weight, and BMI were documented. 
Pulmonary function tests (PFTs) were performed 
using the MIR Spirobank Oxi spirometer in 
accordance with the ATS/ERS guidelines.13 The 
recorded parameters comprised forced vital 
capacity (FVC), forced expiratory volume in the first 
second (FEV1), the FEV1/FVC ratio, peak expiratory 
flow rate (PEFR), and forced expiratory FER25-75%.

Sputum sample collection
	 On the same day, an early morning 
sputum sample was obtained from each participant 
and placed in a sterile container. The samples 
were then sealed in Zip lock biohazard covers, 
transported in an ice box, and stored at -80 °C until 
further analysis.

DNA extraction, PCR amplification and sequencing
	 From the sputum samples, genomic 
DNA was isolated by utilizing the QIAamp DNA 
Mini Kit (QIAGEN, Germany) in accordance with 
the manufacturer’s protocol. The purity and 
concentration of the extracted DNA were evaluated 
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using a NanoDrop spectrophotometer. To identify 
specific respiratory pathogens, conventional PCR 
was conducted using a Biosystems Veriti 96-well 
thermal cycler. The primers used were species-
specific and chosen based on prior research.14-16 
The sequences of these primers and their 
respective amplicon sizes are detailed below.

S. pneumoniae (psaA)
Forward: 5'-GCCCTAATAAATTGGA GGATCTAATGA-3'
Reverse: 5'-GACCAGAAGTTGTATCTT TTTTTCCG-3'
	 Amplicon size: 114 bp

H. influenzae (Omp6 gene)
Forward: 5'-AACTTTTGGCGGTTACTCTG-3'
Reverse: 5'-CTAACACTGCACGACGGTTT-3'
	 Amplicon size: 351 bp

M. catarrhalis (MCAT gene)
Forward (MCAT1): 5'-TTGGCTTGT GCTAAAATATC-3'
Reverse (MCAT2): 5'-GTCATCGCTAT CATTCACCT-3'
	 Amplicon size: 140 bp
	 12.5 µL of RED Taq DNA Polymerase 
Master Mix, 1.0 µL of forward and reverse primers 
(2.0 µM), 8.5 µL of nuclease-free water, and 2.0 µL 
of DNA template made up the 25 µL PCR reaction 

mixture. The thermal cycling protocol comprised 
a 5-minute initial denaturation step at 95 °C, 35 
cycles of denaturation at 95 °C for 30 seconds, 
annealing at 62 °C for 30 seconds (for all primer 
sets), an extension at 72 °C for 1 minute, and a final 
extension at 72 °C for 5 minutes. The amplified PCR 
products were run on a 2% agarose gel, stained 
with ethidium bromide, and then examined under 
a UV lamp with a Gel Documentation System (Bio-
Rad, Inc., USA). After being purified, PCR-positive 
samples were sent to MedioMix in Bangalore, 
India, for Sanger sequencing. Accession numbers 
from PP792902 to PP792911 are assigned to the 
sequences that have been published in the NCBI 
GenBank database. 
	 T h e  p hy l o ge n et i c  t re e  ( F i g u re ) 
demonstrated distinct clustering of our study 
sequences (PP identifiers) with reference 
sequences (KC identifiers). Notably, PP792910, 
PP792904, PP792905, and PP792911 clustered 
tightly with KC332019, supported by high bootstrap 
values, indicating close genetic relatedness and 
confirming their taxonomic identity. Similarly, 
PP792907 and PP792908 grouped with KC332018, 
whereas PP792902, PP792903, and PP792906 
formed a separate cluster with KC332032, also 

Figure. Phylogenetic analysis of Haemophilus influenzae isolates from smoker sputum samples. The maximum 
likelihood tree was constructed using study sequences (PP identifiers) and reference sequences (KC identifiers). 
Bootstrap support values are represented by circle sizes at nodes. Distinct clustering patterns confirm the taxonomic 
identity and genetic relatedness of the isolates, with PP792910, PP792904, PP792905, and PP792911 closely 
related to KC332019
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with robust bootstrap support. The presence of 
large bootstrap circles at major nodes reflects 
high confidence in the branching topology, 
suggesting that the observed clustering patterns 
are reliable. Conversely, a few nodes exhibited 
smaller bootstrap values, indicating less certainty 
in those particular evolutionary relationships. 
Overall, the analysis confirms that the majority of 
study sequences showed high concordance with 
established reference strains, thereby validating 
the accuracy of taxonomic assignments obtained 
through sequence analysis. S. pneumoniae and M. 
catarrhalis could not be amplified further due to 
inadequate DNA quantity or quality.

Statistical analysis
	 Statistical analyses were performed using 
SPSS software, version 26. Descriptive statistics 
were applied to summarize the physical parameters 
of the participants. The normality of continuous 
variables was assessed using the Shapiro–Wilk 
test. Variables with a normal distribution were 
analyzed using t-tests (Welch’s t-test for unequal 
variances), while non-normally distributed data 
were analyzed using the Mann–Whitney U test. 
Differences in physical characteristics between the 

study and control groups were assessed using the 
independent samples t-test. Pulmonary function 
test (PFT) parameters were compared between 
groups using Welch’s t-test. The prevalence of 
bacterial species detected by PCR was expressed 
as a percentage. To examine variations in PFT 
results based on the presence or absence of 
bacterial species within the smoker and control 
groups, the Mann–Whitney U test was employed. 
Furthermore, multiple linear regression analysis 
was conducted to examine the relationship 
between PFT parameters and bacterial presence, 
while controlling for covariates.

RESULTS

Participant characteristics
	 There were no statistically significant 
differences in their age, height, weight, or BMI, 
as shown in Table 1.

Nicotine dependence and tobacco exposure
	 In the smoker cohort, the FTND scores 
revealed that 24 participants had low dependence 
(scores 1-2), 8 had low to moderate dependence 
(scores 3-4), 5 showed moderate dependence 

Table 1. Comparison of anthropometric parameters between smokers and controls

Anthropometric	 Smokers (n = 40)	 Controls (n = 40)	 p-value
Parameter	 Mean ± SD	 Mean ± SD

Age (years)	 40.5 ± 9.3	 38.4 ± 8.1	 0.3
Height (cm)	 167.4 ± 9.0	 165.4 ± 7.4	 0.3
Weight (kg)	 72.5 ± 14.5	 68.5 ± 13.3	 0.19
BMI (kg/m²)	 25.7 ± 4.3	 24.9 ± 3.4	 0.37

Independent t-test

Table 2. Comparison of pulmonary function parameters between smokers and controls

Pulmonary	 Smokers	 Controls	 Levene’s	 Welch’s	 p-value	 95% CI of
function 	 (n = 40)	 (n = 40)	 Test (p)	 t (df)		  Mean
parameters	 Mean ± SD	 Mean ± SD				    Difference

FVC (L)	 3.2 ± 0.4	 3.4 ± 0.5	 0.083	 -2.111 (78)	 0.03*	 [-0.47, -0.01]
FEV1 (L)	 2.8 ± 0.4	 3.0 ± 0.3	 0.004	 -3.157 (67.59)	 0.002*	 [-0.4, -0.09]
FEV1/FVC%	 79.4 ± 4.5	 82.1 ± 2.8	 0.028	 -3.189 (65.23)	 0.002*	 [-4.3, -1.0]
PEFR (L/m)	 446.3 ± 74.3	 509.6 ± 48.4	 0.005	 -4.513 (67.05)	 0.0001**	 [-91.2, -35.2]
FER25-75% (L/s)	 2.7 ± 0.91	 3.4 ± 0.7	 0.498	 -4.052 (78)	 0.0001**	 [-1.1, -0.37]

Welch’s t-test
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(scores 5-7), and 3 exhibited high dependence 
(scores 8-10). 
	 Participants in the low dependence group 
had a median exposure of 5.0 pack-years (IQR: 
2.5-7.5). Those in the low-to-moderate group 
had a similar but slightly broader range with 
a median of 4.5 pack-years (IQR: 2.5-9.5). The 
moderate dependence group showed a higher 
median exposure of 9.0 pack-years (IQR: 5.2-12.5). 
The high dependence group demonstrated the 
greatest cumulative exposure, with a median of 
22.5 pack-years, indicating substantially heavier 
tobacco use. This exhibited a pattern of rising 
pack-years with increasing FTND scores.

Pulmonary function parameters
	 The pulmonary function of smokers was 
assessed in comparison to that of controls to 
determine the impact of smoking on respiratory 
performance. The results demonstrated that 
smokers exhibited significantly reduced pulmonary 
function parameters relative to the control group. 
Specifically, the FVC was lower among smokers (p 
= 0.03), as were the FEV1 (p = 0.002) and the FEV1/
FVC% (p = 0.002). Furthermore, both the PEFR and 
the FER25-75% were markedly diminished in smokers 
(p = 0.0001), as depicted in Table 2.

Molecular detection of respiratory pathogens
	 Table 3 presents the distribution of 
bacterial pathogens identified in both groups 
through PCR analysis. In the cohort of smokers, 
H. influenzae emerged as the most frequently 
detected species, identified in 26 cases (65%), 
followed by S. pneumoniae in 23 cases (57.5%), 
and M. catarrhalis in 2 cases (5%). In contrast, 
within the control group, H. influenzae was 
detected in 8 cases (20%), S. pneumoniae was 
identified in 5 cases (12.5%), while M. catarrhalis 

was not detected in any of the samples. Due to the 
low detection rate of M. catarrhalis, pulmonary 
function data were not analyzed in relation to its 
presence.
 
Lung function stratified by bacterial presence
	 To investigate the potential impact 
of bacterial colonization on lung function, the 
Mann–Whitney U test was employed to compare 
lung function metrics between smokers and non-
smokers, categorized by the presence or absence 
of H. influenzae and S. pneumoniae. The findings 
indicated that the presence of either H. influenzae 
or S. pneumoniae did not have a significant effect 
on any of the assessed pulmonary function 
parameters (FVC, FEV1, FEV1/FVC%, PEFR, and 
FEF25-75%) in both the smoker and control groups. 
(Table 4)

Regression analysis: bacterial presence and PFT 
parameters
	 The multiple linear regression analysis 
model uti l ized the presence of bacteria 
(Streptococcus pneumoniae, Haemophilus 
influenzae; present/absent) as the main predictor, 
while accounting for covariates such as age, 
BMI, and smoking pack-years. A significant 
correlation was found between the presence of S. 
pneumoniae and an increase in FEV1 (p = 0.022). 
No other significant links were identified between 
S. pneumoniae and other PFTs. In contrast, 
H. influenzae was found to have a significant 
negative correlation with FVC (p = 0.01) and PEFR 
(p = 0.016). Although a negative relationship with 
FEF25-75% was noted, it did not achieve statistical 
significance (p = 0.06) (Table 5).

DISCUSSION

Main findings
	 Our results confirm and refine the 
current evidence that cigarette smoking induces 
substantial impairment of pulmonary function. 
The decrease in FVC, FEV1, FEV1/FVC%, PEFR, 
and FEF25-75% in smokers, in comparison to 
controls, is congruent with previously established 
pathophysiological outcomes of long-standing 
tobacco exposure involving inflammation, airway 
remodelling, and epithelial injury.17-20

Table 3. Molecular detection of respiratory pathogens 
among smokers and controls 

Bacterial Species	 Gene	 Smokers	 Controls 
(expressed as %)		  (n = 40)	 (n = 40)

S. pneumoniae	 PSaA2	 23 (57.5%)	 5 (12.5%)
H. influenza	 OMP6	 26 (65 %)	 8 (20%)
M. catarrhalis	 MCATI	 2 (5.0%)	 0 (0%)

Percentage (%)



	  www.microbiologyjournal.org2918Journal of Pure and Applied Microbiology

Sathiyaseelan et al | J Pure Appl Microbiol. 2025;19(4):2912-2922. https://doi.org/10.22207/JPAM.19.4.30

	 However, our study differs from previous 
studies in that it undertook, in a holistic fashion, the 
assessment of nicotine dependence stratification, 
pack-year history of tobacco exposure, and 
molecular  character izat ion of  bacter ia l 
colonization, providing a multidimensional 
perspective of early impairment of the respiratory 
tract in smokers.
	 In this study, the demographic similarities 
between the smoker and control groups bolster the 
internal validity of the results by mitigating potential 
confounding factors related to anthropometric 
differences.21 Previous studies have frequently 
categorized smokers as a homogeneous group.22,23 
By employing the Fagerstrom Test for Nicotine 
Dependence (FTND), we offer a nuanced analysis 
of the dose–response relationship between 
lung function and tobacco exposure. Our results 
exhibited a pattern of rising pack-years with 
increasing FTND scores, reinforcing the connection 
between cumulative behavioral dependence and 
cumulative physiological burden.
	 Owing to the small sample size within 
each dependence category, this study did not 
stratify the pulmonary function results by FTND 
group. Nevertheless, the simultaneous reporting 
of FTND scores, pack-years, and lung function 
parameters lays a strong foundation for future 
investigations of the dose-dependent effects of 

tobacco exposure on pulmonary function using 
larger cohorts.
	 Additionally, our molecular detection 
of colonization of the respiratory tract offers 
new evidence of early bacterial penetration in 
asymptomatic smokers. Using PCR, we identified 
H. influenzae and S. pneumoniae in 65% and 
57.5% of smokers, respectively, which were much 
higher than those in controls. This pattern is 
consistent with that of studies reporting increased 
nasopharyngeal colonization among smokers and 
passive smokers.24,25 However, our emphasis on 
colonization of the lower airway, in combination 
with measures of pulmonary function, fills a 
significant gap in our understanding of how 
microbial presence interacts with functional loss.

Novel findings and mechanisms
	 The current study’s stratified analyses did 
not identify any statistically significant variations in 
lung function related to the presence or absence 
of respiratory pathogens within each group. 
However, multiple regression analyses, adjusted 
for age, BMI, and pack-years, identified statistically 
significant negative associations between the 
presence of Haemophilus influenzae and certain 
pulmonary function parameters. This finding 
suggests that H. influenzae contributes to early 
subclinical airway obstruction, potentially through 

Table 4. Pulmonary Function Test Parameters in Smokers and Controls Stratified by bacterial presence and absence

Parameters	 S. pneumoniae (+)	 S. pneumoniae (-)		  H. influenzae (+)	 H. influenzae (-)
	 Median (IQR)	 Median (IQR)		  Median (IQR)	 Median (IQR)

Smokers	 n = 23	 n = 17	 P-value	 n = 26	 n = 14	 P-value

FVC (L)	 3.4 (2.9-3.6)	 3.3 (3.0-3.5)	 0.4	 3.2 (2.8-3.4)	 3.5 (3.2-3.5)	 0.1
FEV1	 2.9 (2.4-3.2)	 2.6 (2.4-2.9)	 0.09	 2.6 (2.4-3.2)	 2.9 (2.5-3.1)	 0.75
FEV1/FVC%	 79.3 (76.5-82.3)	 80 (78-82)	 0.6	 79.1 (77-81.9)	 80.2 (77-82)	 0.7
PEFR (L/m)	 455 (396-530)	 431 (396-482)	 0.3	 431 (384-485)	 479 (409-530)	 0.12
FER25-75% (L/s)	 2.7 (2.3-3.5)	 2.6 (1.7-2.8)	 0.1	 2.6 (2.5-3.3)	 2.7 (2.1-3.0)	 0.39

Controls	 n = 5	 n = 35	 P-value	 n = 8	 n = 32	 P-value
FVC (L)	 3.7 (3.5-4.0)	 3.4 (3.0-3.8)	 0.23	 3.1 (3.2-3.9)	 3.7 (2.8-3.4)	 0.06
FEV1	 3.3 (2.9-3.4)	 3.1 (2.8-3.2)	 0.39	 3.0 (2.7-3.3)	 3.1 (2.8-3.3)	 0.8
FEV1/FVC%	 81 (80-81)	 82 (80-84)	 0.19	 80.0 (79.8-82)	 82 (80-84)	 0.18
PEFR (L/m)	 540 (474-540)	 504 (484-543)	 0.95	 492 (467-509)	 519 (484-548)	 0.12
FER25-75% (L/s)	 2.4 (2.1-3.4)	 3.6 (3.0-40)	 0.12	 2.7 (2.1-4.0)	 3.5 (3.0-40)	 0.17

Mann-Whitney U test
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mechanisms involving mucosal inflammation and 
immune dysregulation.26-28

	 In contrast, S. pneumoniae was found to 
have a paradoxically positive association with FEV1 
(p = 0.022). While this appears counterintuitive, 
we hypothesize that early colonization with 
S. pneumoniae in relatively healthier smokers 
may reflect an immune activation state that 
temporarily preserves or even augments certain 
lung function parameters before decline ensues, 
consistent with observations in studies of early 
COPD, where immune compensation precedes 
decompensation.29

	 Notably, M. catarrhalis was identified 
in only two of the 40 smokers and in no control 
subjects. This low prevalence differs from 
various studies presenting M. catarrhalis as a 
frequent airway colonizer in smokers and as 
a possible promoter of chronic bronchitis and 
emphysematous alterations, especially in the 
presence of smoke-induced epithelial impairment. 
The possible reason for the differing findings can 
be the overall health of the smoking population, 
which had not yet developed overt COPD or 
recurring exacerbations, and situations under 
which colonization by M. catarrhalis becomes 
more significant. Additionally, geographic, 
seasonal, and host immunity factors can affect 
colonization patterns.
	 Despite its low detection rate, the 
presence of M. catarrhalis exclusively in smokers 
suggests its potential as an opportunistic pathogen 
that favors tobacco-induced mucosal damage, 
particularly in more severe or active airway 
diseases.

Molecular insights
	 In smoker’s sputum samples, delineation 
of the H. influenzae strain SC50876 harboring 
the Outer Membrane Protein P6 (OMP P6), 
a conserved NTHi virulence factor, provides 
molecular depth to clinical evidence. NTHi strains 
have been increasingly described as long-term 
colonizers of chronic airway disorders such as 
COPD, bronchiectasis, and pneumonia.30,31 OMP 
P6 facilitates immune evasion by recruiting 
complement regulators and modulating TLR 
signals, thereby allowing bacterial persistence and 
host tissue destruction.32,33 Our identification of 
the respective genes confirms the proposition that 
even initial colonization by certain NTHi strains 
predisposes the respiratory tract to long-term 
pathology. The inability to amplify S. pneumoniae 
and M. catarrhalis from PCR-positive samples 
likely reflects the low DNA yield in sputum from 
asymptomatic individuals, a known challenge in 
molecular studies of airway colonization. 

Implications and future work
	 Overall, our study presents a novel 
convergence of FTND and Pack years, clinical 
(PFT), and microbiological (PCR and sequencing) 
data, providing strong evidence that smoking 
impairs lung function and promotes early 
microbial colonization, which may accelerate 
functional decline. In contrast to prior research, 
which frequently investigated these variables 
independently, our stratified and integrative 
methodology provides a more comprehensive 
understanding of the pulmonary effects associated 
with smoking tobacco use.

Table 5. Analysis of multiple linear regression examining the link between bacterial presence and PFT parameters, 
with adjustments made for age, BMI, and smoking pack-years

PFT	      Group		         S. pneumonia	    H. influenza
Parameters
	 b 	 p-value	 b	 p-value	 b	 p-value

FVC (L)	 0.173	 0.18	 0.208	 0.09	 -0.304	 0.01*
FEV1(L)	 0.407	 0.002*	 0.282	 0.022*	 -0.138	 0.251
FEV1/FVC%	 0.295	 0.026*	 -0.095	 0.447	 0.001	 0.993
PEFR (L/m)	 0.398	 0.001*	 0.147	 0.199	 -0.278	 0.01*
FER25-75% (L/s)	 0.362	 0.004*	 0.095	 0.422	 -0.219	 0.06

Multiple Linear Regression
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	 The findings suggest that early bacterial 
colonization, particularly by H. influenzae, may 
interact with smoke-induced immune impairment 
to drive early subclinical obstruction. This has 
implications for early screening and preventive 
interventions in smokers before overt disease 
develops.

Study limitation
	 Limitations include the cross-sectional 
design and modest sample size, which limit causal 
inferences and stratified analyses by nicotine 
dependence category. Additionally, molecular 
detection was based on sputum, which may 
underestimate bacterial load. Future longitudinal 
studies using larger cohorts and advanced 
molecular methods could clarify temporal 
relationships between colonization, immune 
changes, and lung function decline.
	 The exclusion of female participants due 
to potential confounding limits the generalizability 
of our findings. 

CONCLUSION

	 This study provides regionally relevant 
evidence that asymptomatic smokers exhibit 
early colonization of the lower respiratory tract by 
pathogenic bacteria—Streptococcus pneumoniae, 
Haemophilus inf luenzae,  and Moraxel la 
catarrhalis—which is associated with measurable 
declines in lung function. By integrating behavioral 
indices of nicotine dependence, cumulative 
exposure in pack-years, spirometric assessment, 
and molecular pathogen detection with strain-
level confirmation, this work demonstrates a novel 
analytical framework. Notably, the identification 
of the virulent H. influenzae strain SC50876 and its 
significant negative correlations with FVC and PEFR 
provides the first molecular–functional evidence 
linking tobacco exposure to early subclinical airway 
obstruction in this population.
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