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ABSTRACT

Introduction: Respiratory tract infections (RTIs) is a major health problem, particularly in developing nations. They
include upper and lower RTIs, with bacterial pathogens playing a significant role in lower RTIs. Rising antimicrobial
resistance (AMR) necessitates continuous surveillance of local bacterial profiles and their susceptibility patterns.
Aim and Objective: A study of bacteriological profile and its antibiogram in respiratory tract infections among the
patients attending tertiary care teaching hospital ,greater noida.

Method: A crosssectional study was done over 12 months at a tertiary care hospital in Greater Noida. A total of
108 culture-positive respiratory samples from OPD, IPD, and ICU patients were analyzed. Standard microbiological
methods were used for bacterial identification and antimicrobial susceptibility testing via Kirby-Bauer disc diffusion
method, following CLSI 2024 guidelines.

Result: Of 229 samples, 108 (47.2%) showed bacterial growth. LRTIs accounted for 96 (88.9%) isolates and
URTIs 12 (11.1%). Sputum was the most common sample (43.5%). Gram-negative bacilli predominated (71.9%),
with Klebsiella pneumoniae (27.1%) being the most frequent. MRSA was identified in 10 of 17 Staphylococcus
aureus isolates (58.8%). Among 108 isolates, 41 (38.0%) were multidrugresistant, mainly Gram-negative organisms.
Conclusion: The study shows a high prevalence of LRTIs and multidrugresistant Gramnegative organisms.
Empirical antibiotic policies should consider local resistance patterns, with emphasis on rational antibiotic use to
mitigate AMR.

Keywords: Respiratory tract infections; Antimicrobial resistance; MRSA; Klebsiella pneumoniae; Multidrug
resistance; Kirby-Bauer; CLSL

INTRODUCTION

Respiratory tract infections (RTIs) remain a significant public health concern worldwide, contributing to
substantial morbidity and mortality, particularly in developing countries. They are broadly classified into
upper respiratory tract infections (URTIs) and lower respiratory tract infections (LRTIs), depending on
the anatomical site involved. URTIs commonly include pharyngitis, tonsillitis, and sinusitis, whereas
LRTIs encompass bronchitis, bronchiolitis, and pneumonia. While viral etiologies are predominant in
URTIs, bacterial pathogens play an important role, especially in LRTIs, and can lead to severe
complications if not promptly identified and appropriately treated.[1,2]

The empirical use of antibiotics in RTIs, often without microbiological confirmation, has led to an
alarming increase in antimicrobial resistance (AMR). This scenario shows a major challenge in the
management of respiratory infections, particularly in hospitalized patients and those admitted to intensive
care units (ICUs). Timely identification of the causative bacterial pathogens and understanding their
antimicrobial susceptibility patterns are require for effective treatment and in formulating antibiotic
stewardship policies.[3,4]

With increasing trends in multidrugresistant (MDR) organisms, it is important to continuously monitor
the local bacteriological profile and resistance patterns to guide empirical therapy. With this background
present study was done with the aim to determine the spectrum of bacterial isolates from patients with

252



International Journal of Environmental Sciences
ISSN: 2229-7359

Vol. 11 No. 23s, 2025
https://theaspd.com/index.php

respiratory tract infections presenting to the outpatient department (OPD), inpatient department (IPD),
and ICU settings. The study also evaluates the antimicrobial susceptibility patterns of these isolates,
thereby providing insight into the burden of MDR organisms and helping to optimize clinical
management and antibiotic policy.

METHOD

This cross-sectional study was done in the Department of Microbiology, in tertiary care hospital, Greater
Noida, for 12 months. The study included patients of all age groups and both sexes who were admitted
in the inpatient department (IPD), intensive care unit (ICU), or visiting the outpatient department
(OPD), and had clinical signs and symptoms suggestive of either upper or lower respiratory tract
infections.

A total of 108 respiratory samples that showed positive bacterial growth during the study period were
included for analysis. The clinical specimens collected were sputum, throat swabs, endotracheal aspirates,
bronchial washings, tracheal secretions, and pleural fluids. All specimens were collected under aseptic
precautions and transported promptly to the microbiology laboratory for processing.

Samples were processed using standard microbiological procedures. In cases where immediate processing
was not possible, samples were stored at 4°C. Culture media such as Blood Agar, Chocolate Agar,
MacConkey Agar, and Nutrient Agar were used for inoculation. These were prepared according to the
manufacturer's guidelines. The inoculated plates were incubated aerobically at 37°C for 24 hours, and
bacterial growth was observed and recorded.

Identification of bacterial isolates was initially done by observing colony characteristics, hemolysis
patterns, Gram staining, and growth on differential media. Further biochemical tests were conducted for
confirmation. When required, uncertain isolates were confirmed using the automated VITEK 2-Compact
system.

Antimicrobial susceptibility testing (AST) was performed using the Kirby-Bauer disc diffusion method
on Mueller-Hinton Agar, following the guidelines provided by the Clinical and Laboratory Standards
Institute (CLSI 2024).

To standardize bacterial inoculum, a 0.5 McFarland turbidity standard was prepared, equivalent to
approximately 1 x 108 CFU/mL. This was verified using a spectrophotometer or a viable plate count
method using E. coli ATCC 25922 as the control strain. Colonies from pure cultures were suspended in
sterile peptone water and adjusted to match the McFarland standard. The suspension was then uniformly
swabbed onto Mueller-Hinton agar plates, and antibiotic discs were placed on the surface. After 24 hours
of incubation at 37°C, zones of inhibition were measured using a sliding caliper and interpreted according
to CLSI 2024 criteria.

The antibiotics tested against Gram-positive bacteria included: penicillin, cefoxitin, vancomycin,
linezolid, teicoplanin, gentamicin, amikacin, erythromycin, levofloxacin, ciprofloxacin, and ampicillin.
For Gram-negative bacteria, the antibiotics tested were: ampicillin, amoxicillin-clavulanate, ampicillin-
sulbactam, ceftazidime, cefotaxime, ceftriaxone, cefepime, gentamicin, tobramycin, amikacin,
levofloxacin, aztreonam, ticarcillin, ticarcillin-clavulanic acid, tetracycline, and imipenem. For
Pseudomonas species, drugs such as ceftazidime, gentamicin, amikacin, piperacillin, piperacillin-
tazobactam, aztreonam, cefepime, ciprofloxacin, levofloxacin, imipenem, ticarcillin, and ticarcillin-
clavulanic acid were tested.

RESULT

A total of 229 clinical specimens were collected from patients with signs and symptoms of respiratory
tract infections (RTIs), comprising both upper and lower respiratory tract infections. Of these, 108
samples yielded significant bacterial isolates.

Out of the 108 isolates, 96 (88.89%) were from lower respiratory tract infections (LRTIs) and 12 (11.11%)
from upper respiratory tract infections (URTIs), showing a higher burden of LRTIs.

Table 1. Distribution of Respiratory Samples by Site (n = 108)

Sample Type Number (%)
Sputum 47 (43.5%)
Endotracheal Secretion | 39 (36.1%)
Tracheal Secretion 6 (5.6%)
Bronchial Aspirate 2 (1.9%)
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Pleural Fluid 2 (1.9%)
Throat Swab 8 (7.4%)
Ear Swab 4 (3.7%)

Sputum was the most frequently collected sample (43.5%), followed by endotracheal secretions (36.1%).
URTI samples (throat and ear swabs) constituted 11.1% of total isolates.Of the 108 isolates, 72 (66.7%)
were from male patients and 36 (33.3%) from female patients, showing a higher prevalence of RTIs
among males.Age-wise analysis showed that the majority of bacterial isolates were recovered from the 21-
30 year age group (n=20), followed by 41-50 years (n=19) and 61-70 years (n=17), showing that both

younger and older adults are more susceptible to RTTs.

No. of cases

A ‘\ > B No. of cases
- > P

Graph No. 1: Graphical Representation of Distribution of Respiratory Samples by Site (n = 108)

Table 2. Age-wise Distribution of Samples (n = 108)

Age Group (years) | Number (%)
0-10 11 (10.2%)
11-20 6 (5.6%)
21-30 20 (18.5%)
31-40 8 (7.4%)
41-50 19 (17.6%)
51-60 14 (13.0%)
61-70 17 (15.7%)
71-80 9 (8.3%)
81-90 4 (3.7%)

Regarding the spectrum of organisms, Gram-negative bacilli were more frequently isolated than Gram-
positive cocci, particularly in LRTIs.
Table 3. Distribution of Bacterial Pathogens by Site and Gram Stain Reaction

Infection Type | GPC GNB (Fermenter) | GNB (Non-Fermenter)
URTI (n=12) | 9(75.0%) | 1(8.3%) 2 (16.7%)
LRTI (n=96) 27 (28.1%) | 52 (54.2%) 17 (17.7%)

In URTI samples, Staphylococcus aureus (50%) was the predominant pathogen, followed by
Enterococcus spp. (25%). In LRTI samples, Klebsiella pneumoniae (27.08%) was the most commonly
isolated organism.

Table 4. Bacteriological Profile of URTI and LRTI

Organism URTI n (%) | LRTI n (%)
Staphylococcus aureus 6 (50%) 11 (11.5%)
Enterococcus sp. 3(25%) 2 (2.1%)
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Pseudomonas aeruginosa | 2 (16.7%) 14 (14.6%)
Citrobacter sp. 1(8.3%) 8 (8.3%)
Klebsiella pneumoniae 0 (0%) 26 (27.1%)
Escherichia coli 0 (0%) 15 (15.6%)
CONS 0 (0%) 14 (14.6%)
Proteus mirabilis 0 (0%) 3(3.1%)
Acinetobacter sp. 0 (0%) 3(3.1%)

Most isolates were obtained from inpatients (n=86, 79.6%), with only 22 (20.4%) from OPD cases. This
shows that hospitalized patients are more likely havepathogenic isolates, may be due to the severity of
illness or increased risk of hospital-acquired infections.

Among the 17 total isolates of Staphylococcus aureus, 10 (58.8%) were Methicillin-Resistant
Staphylococcus aureus. MRSA was most commonly isolated from sputum (7 isolates) and throat swabs (3
isolates).

Table 5. Antibiotic Susceptibility Pattern of MRSA Isolates (n = 10)

Antibiotic Sensitive n (%) | Resistant n (%)
Vancomycin | 10 (100%) 0 (0%)
Linezolid 10 (100%) 0 (0%)
Teicoplanin 10 (100%) 0 (0%)
Amikacin 6 (60%) 4 (40%)
Gentamicin 4 (40%) 6 (60%)
Ciprofloxacin | 2 (20%) 8 (80%)
Erythromycin | 3 (30%) 7 (70%)
Clindamycin | 5 (50%) 5 (50%)
Penicillin 0 (0%) 10 (100%)
Cefoxitin 0 (0%) 10 (100%)

Glycopeptides and oxazolidinone group antibiotics were found to be the most effective against MRSA.
Similarly, Imipenem showed 100% sensitivity across all Gram-negative isolates including Klebsiella, E.
coli, and Pseudomonas.

Out of 108 total isolates, 41 (37.96%) were multidrug-resistant. MDR was more common in Gram-
negative bacilli (41.09%) compared to Gram-positive cocci (30.55%).

Table 6. Distribution of Multidrug-Resistant Organisms

Organism MDR n (%)
E. coli (n=15) 8 (53.3%)
Citrobacter sp. (n=9) 5 (55.6%)
Klebsiella pneumoniae 9 (34.6%)
Pseudomonas aeruginosa 6 (37.5%)
Staphylococcus aureus 10 (58.8%)
Proteus sp. 1 (33.3%)
Acinetobacter sp. 1 (33.3%)
Enterococcus sp. 1 (20.0%)
CONS 0 (0%)
DISCUSSION

In our study, a total of 229 respiratory specimens were analyzed, of which 108 (47.2%) yielded significant
bacterial isolates. Among these, lower respiratory tract infections (LRTIs) predominated, accounting for
88.89% of cases, while upper respiratory tract infections (URTIs) represented 11.11%. This trend is
similar to several prior studies that have consistently showed a higher burden of LRTIs among hospitalized
patients.[5-7]

Our analysis showedmajority of Gram-negative bacilli (GNB), especially fermenters like Klebsiella
pneumoniae (27.1%) and Escherichia coli (15.6%), and non-fermenters like Pseudomonas aeruginosa
(14.6%). This is similar to findings from Choudhury et al. (2025), where GNB fermenters and non-
fermenters together accounted for 85.56% of LRTI isolates.[8]. Similarly, Vishwanath et al. (2013)
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reported a high incidence of Klebsiella pneumoniae (37%) and Pseudomonas aeruginosa (28.6%) in LRTI
cases, showing their continued dominance in nosocomial settings.[9]

In contrast, Gram-positive cocci (GPC) were more frequently isolated from URTI samples in our study,
with Staphylococcus aureus comprising 50% and Enterococcus spp. 25% of the isolates. This is similar
to the findings of Dutta et al. (2017).[10] and Zelelie et al. (2019),[11] who also reported GPC
predominance in URTI cases, particularly Staphylococcus aureus and Streptococcus pneumoniae. Our
results show that GPC are the major pathogens in community-acquired URTIs, while GNB dominate in
LRTIs and hospital-acquired infections.

Regarding age distribution, the highest number of isolates in our study were from the 21-30 and 41-50-
year age groups, consistent with literature noting increased vulnerability in both younger adults (due to
exposure) and older adults (due to comorbidities).[6,12]In our study Male were more common (66.7%)
similarly seen inMiriti et al. (2023)[13] and Bajpai et al. (2013),[7] who reported a higher prevalence of
RTIs among males.

The antibiotic susceptibility pattern in our study showed that all Staphylococcus aureus isolates were
sensitive to vancomycin, linezolid, and teicoplanin. These results are similar to several studies.[14-
16]which consistently showed high susceptibility of MRSA isolates to glycopeptides and oxazolidinones,
confirming their continued role as mainstay treatments for MRSA infections. However, high resistance
rates to penicillin (100%), cefoxitin (100%), erythromycin (70%), and ciprofloxacin (80%) were noted,
comparable to global reports.[17,18]

Out of the 17 total S. aureus isolates, 10 (58.8%) were Methicillin-Resistant Staphylococcus aureus
(MRSA). This is higher than some international averages but similar to figures reported by Bajpai et al.
(2013)[7] and Shahin et al. (2018)[19], showing a significant MRSA burden in respiratory infections
within healthcare facilities.

Multidrug resistance (MDR) was a major concern in our study, with 41 out of 108 isolates (37.96%) being
MDR. This is comparable to the MDR rates reported by Vishwanath et al. (2013)[9] (" 37%) and supports
findings from Souza et al. (2020)[20] and de Oliveira et al. (2023)[21], where MDR prevalence among
LRTI pathogens like Acinetobacter baumannii, Klebsiella pneumoniae, and Pseudomonas aeruginosa
was frequently above 50%.In our study, MDR rates for E. coli (53.3%), Citrobacter spp. (55.6%), and
Klebsiella pneumoniae (34.6%) were comparable to the meta-analysis data, showing widespread resistance
among Enterobacterales. For Acinetobacter spp., the MDR rate was 33.3% in our study, lower than that
reported by Raut et al. (2020)[22] and Huang et al. (2018),[23] who found rates above 60-70%. These
differences show difference in infection control practices and antibiotic stewardship policies across
institutions.

Our findings of Gram-negative bacilli predominance in lower respiratory tract infections (LRTIs),
particularly Klebsiella pneumoniae and Pseudomonas aeruginosa, are consistent with recent studies
highlighting their role as major pathogens in hospital-acquired infections. A 2024 [24] multicentric study
by Mahale et al. similarly demonstrated Klebsiella as the leading isolate in LRTIs, with high multidrug
resistance rates necessitating careful antimicrobial stewardship. Furthermore, Carrel et al. (2024) [25]
reported continued susceptibility of MRSA to glycopeptides and oxazolidinones, supporting our
observation of vancomycin and linezolid efficacy. More recently, Choudhury et al. (2025) [26] reported
that non-fermenting Gram-negative bacilli accounted for over 80% of LRTI isolates, reinforcing the
increasing clinical importance of these organisms. Similarly, Tobin et al. (2025) [27] emphasized that
bacterial pathogens remain significant contributors to respiratory infections despite widespread viral
etiologies in URTIs. Collectively, these findings highlight the urgent need for sustained local surveillance,
judicious antibiotic use, and strengthened infection control measures to limit the burden of multidrug-
resistant respiratory pathogens.

Overall, our findings show the continued dominance of Gram-negative bacilli in LRTTIs, the significant
burden of MRSA and MDR organisms, and the importance of ongoing surveillance, rational antibiotic
use, and infection control measures to mitigate the spread of resistant pathogens.

CONCLUSION
Overall, our findings align with global trends showing Gram-negative bacilli predominance in LRTIs and
Gram-positive cocci in URTIs, with a troubling burden of MDR pathogens including MRSA. The
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resistance profiles necessitate ongoing surveillance and antibiotic stewardship to preserve therapeutic
efficacy.

Limitations and Future Directions

This study was done in single-center and there was lack of molecular typing for resistance mechanisms,
which could show deeper insights into epidemiology and transmission dynamics. Future multicentric
research with molecular epidemiology and resistance gene profiling would increase understanding and
guide targeted interventions.
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