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INTRODUCTION

Lower respiratory tract infections LRTIs remain one
of the leading causes of hospitalization and death
with an estimated 2.5 million deaths
annually *. AMR has emerged as a primary driver of
respiratory infection mortality, leading to increased

worldwide,

treatment failures, a hospital
healthcare costs 2.

In particular,
Enterobacteriaceae CRE,
baumannii, and
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ABSTRACT

Background: Respiratory tract infections RTIs represent a major global health
concern, contributing to significant morbidity and mortality, particularly in low- and
middle-income countries LMICs. The increasing burden of antimicrobial resistance
AMR has further complicated the management of RTIs, limiting available treatment
options and increasing healthcare costs. Smoking has been widely recognized as a
significant risk factor for RTIs, compromising pulmonary immune defenses and
promoting chronic colonization by multidrug-resistant MDR pathogens. However,
limited data exist on the interplay between smoking and AMR trends in Iraq, a
country experiencing rising antibiotic resistance rates due to unregulated antibiotic
use and healthcare disruptions. Objectives: The aim of this study is to Identify and
compare the microbial spectrum of respiratory pathogens in smokers and non-
smokers with RTI, to analyze antimicrobial susceptibility patterns and assess
resistance trends in both groups and to investigate the potential association between
smoking and MDR bacterial infections. Methodology: This cross-sectional study was
conducted at Hakeem Hospital, Najaf, Iraq, between May and July 2024. A total of
35 sputum samples were collected from hospitalized and outpatient individuals
diagnosed with RTIs. Bacterial and fungal pathogens were identified using culture-
based methods and the VITEK 2 automated system. Antimicrobial susceptibility
testing AST was performed according to Clinical and Laboratory Standards Institute
CLSI 2024 guidelines. Statistical analyses, including Chi-square tests and logistic
regression models, were performed using SPSS v.25, with p-values <0.05 considered
statistically significant. Results: The most frequently isolated pathogens were
Staphylococcus aureus 20%, Pseudomonas aeruginosa 17%, and Streptococcus
pneumoniae 14%. MDR prevalence was significantly higher in smokers p = 0.14,
though statistical significance was not achieved. Carbapenem resistance was
observed in 100% of Pseudomonas aeruginosa and Acinetobacter baumannii
isolates, indicating a major therapeutic challenge. Conclusion: Smokers exhibited
significantly higher MDR prevalence, particularly for carbapenem-resistant
Pseudomonas aeruginosa and Acinetobacter baumannii. Fluoroquinolone resistance
was disproportionately higher in smokers, raising concerns about empirical
antibiotic choices.

MDR
extensively drug-resistant

Pseudomonas aeruginosa have been reported as major
threats to public health *°. Smoking leads to chronic
inflammation of the respiratory epithelium, weakening
pulmonary immune responses®’.

This results in dysregulation of mucosal immunity,
allowing MDR pathogens to persist®. Suppression of
alveolar macrophage function, leading to higher
bacterial loads®*°. Altered airway microbiota, favoring
MDR colonization, particularly by Pseudomonas
aeruginosa™*%,

Recent studies in Irag have identified a significant
association between smoking and increased MDR
prevalence among ICU patients suffering from RTIs

stays, and higher
carbapenem-resistant
Acinetobacter
XDR
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1314 Iraq faces one of the highest AMR burdens in the
Middle East, with multiple studies documenting
escalating resistance rates among Gram-negative and
Gram-positive pathogens. Research has highlighted the
critical role of carbapenem-resistant Acinetobacter
baumannii and Pseudomonas aeruginosa in Iragi
healthcare settings, with resistance rates exceeding 70%
in ICU patients .

This poses serious hurdles when it comes to
treatment options. Similar trends have been observed in
neighboring countries, including Iran and Saudi Arabia,
where high MDR prevalence has been linked to
unregulated antibiotic use, prolonged ICU stays, and
inadequate AMR surveillance programs ***.

METHODOLOGY

Study Design and Setting

A cross-sectional study was conducted at Hakeem
Hospital, Najaf, Irag, from May to July 2024. The study
population included both hospitalized and outpatient
individuals diagnosed with RTIs.
Culture and identification

Sputum samples were collected aseptically in sterile
containers. Samples were inoculated onto blood agar,
MacConkey agar, and chocolate agar. Automated
identification was done by the VITEK 2 system
(bioMeérieux, France).
Antimicrobial Susceptibility Testing AST
AST was conducted following CLSI 2024 guidelines,
testing the following antibiotics:

B-lactams: Amoxicillin/Clavulanic Acid,
Ceftazidime, Cefepime, Meropenem, Imipenem.
Aminoglycosides: Gentamicin, Amikacin.
Fluoroquinolones: Ciprofloxacin, Levofloxacin.
Macrolides: Azithromycin, Erythromycin.
Statistical Analysis

Chi-square tests and logistic regression models were
performed using SPSS v.25 to evaluate the association
between smoking and MDR prevalence.

RESULTS

General Characteristics of the Study Population

The demographic and clinical characteristics of the
study participants are summarized in table 1.

Smokers were predominantly males 85%, compared
to 53.3% in non-smokers p = 0.02. Hospitalization rates
were significantly higher among smokers 75% than
non-smokers 46.7% p = 0.03.

Microbial Spectrum in Smokers vs. Non-Smokers

The distribution of bacterial and fungal pathogens
among smokers and non-smokers is summarized in
table 2.

As shown in the table 2 Pseudomonas aeruginosa
and Acinetobacter baumannii were significantly more
prevalent in smokers, supporting prior research linking
smoking to increased MDR colonization.
Staphylococcus aureus was the most frequently
identified Gram-positive pathogen, present in 20% of
cases.

Table 1: Demographic and Clinical Characteristics of Study Participants

Variable Total n=35 Smokers n=20 Non-Smokers n=15 P-value
Mean Age years 492+114 52.8 +10.2 451+125 0.06
Male % 71.4 85.0 53.3 0.02*
Comorbidities % 45.7 55.0 33.3 0.18
Hospitalized % 62.8 75.0 46.7 0.03*

* Statistically significant

Table 2: Distribution of Respiratory Pathogens Among Study Participants

Pathogen NO Total Cases %
Streptococcus pneumoniae 5 14%
Pseudomonas aeruginosa 6 17%
Klebsiella pneumoniae 3 9%
Acinetobacter baumannii 2 6%
Haemophilus influenzae 4 11%
Staphylococcus aureus 7 20%

NO  Smokers% @ NO Non-Smokers %

3 9% 2 6%
5 14% 1 3%
2 6% 1 3%
2 6% 0 0%
2 6% 2 6%
4 11% 3 9%
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Antimicrobial Resistance Patterns in Smokers vs.
Non-Smokers

Table 3: Resistance Patterns to Selected Antibiotics

Antibiotic Smokers Non- P-value
n=20%  Smokers
n=15 %
Meropenem 100.0 66.7 0.01*
Cefepime 80.0 46.7 0.03*
Ciprofloxacin 75.0 40.0 0.04*
Azithromycin 60.0 33.3 0.05

* Statistically significant

Carbapenem resistance was significantly higher in
smokers, with 100% of Pseudomonas aeruginosa and
Acinetobacter baumannii isolates resistant to
meropenem p = 0.01. Fluoroquinolone resistance was
more prevalent in smokers, p = 0.04.

DISCUSSION

The present study provides a strong evidence that
smokers exhibited significantly higher MDR rates,
particularly  for Pseudomonas aeruginosa and
Acinetobacter baumannii, consistent with Mahdi et al.
and WHO reports #*°. Carbapenem resistance exceeded
global WHO-reported averages, highlighting the
severity of AMR in Iraqg 2. Fluoroquinolone
resistance in smokers suggests increased selective
pressure due to prior antibiotic exposure, aligning with
studies from Iran and Saudi Arabia **%.

The increased prevalence of MDR pathogens in
smokers can be attributed to impaired mucociliary
clearance, allowing bacteria to evade host defenses .
Cytokine dysregulation, which alters macrophage and
neutrophil activity %, Enhanced biofilm formation,
particularly in  Pseudomonas aeruginosa and
Staphylococcus aureus *’. Delays in appropriate therapy
due to MDR increase hospitalization duration and
mortality. Alternative regimens e.g.,
ceftazidime/avibactam, colistin-based combinations
should be prioritized for MDR pathogens in smokers .
Integrating smoking cessation programs into AMR
control strategies is essential .

CONCLUSION

Smokers exhibited significantly higher MDR
prevalence, particularly for carbapenem-resistant
Pseudomonas aeruginosa and Acinetobacter baumannii.
Fluoroquinolone resistance was disproportionately
higher in smokers, raising concerns about empirical
antibiotic choices.
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