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Abstract

Background: Lower respiratory tract infections (LRTIs) frequently require immediate empirical antibiotic therapy due to di-

agnostic delays and clinical severity. Empirical regimens commonly rely on broad-spectrum agents, which can increase selec-

tive pressure for antimicrobial resistance. This study quantifies the predominance of broad-spectrum antibiotic use among

hospitalized respiratory tract infection (RTI) patients, with an emphasis on the LRTI burden and subsequent antibiotic mod-

ification practices (escalation/de-escalation).

Methods: A prospective observational study was conducted at Innocent Hearts Superspeciality Hospital in collaboration

with CT Institute of Pharmaceutical Sciences (Jalandhar, Punjab, India) over January 2025 to May 2025. A total of 100 hospi-

talized patients with RTIs were enrolled. Data were collected using a structured case record form and included demograph-

ics, RTI diagnosis and type (URTI/LRTI), microbiological culture results, antibiotic route and class, spectrum category (nar-

row/broad/extended), and therapy modifications during admission.

Results: LRTIs constituted 87% of RTIs, and pneumonia was the most common diagnosis (30%). Culture yield was low,

with no organism identified in 80% of cases. Broad-spectrum antibiotics predominated (89% of prescriptions), and injecta-

bles were used in 76% of patients.  Beta-lactams were the most frequently prescribed class (82 patients),  followed by

macrolides (40 patients). Antibiotic de-escalation occurred in 46% of patients, predominantly by dose reduction (47.82%)

or switching to narrower-spectrum agents (45.65%). Escalation occurred in 31% of patients, most often by addition of

another antibiotic (64.5% of escalations).

Conclusions: Hospitalized RTI care in this setting was characterized by a high LRTI burden, a substantial diagnostic gap,

and near-universal reliance on broad-spectrum empirical therapy. Nevertheless, de-escalation was implemented in almost
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half of patients, underscoring the importance of systematic review-and-revise practices and antimicrobial stewardship to bal-

ance timely empirical coverage with resistance prevention.

Keywords: Empirical Therapy; Broad-Spectrum Antibiotics; Lower Respiratory Tract Infection; Antibiotic Stewardship;

De-Escalation; Tertiary Care Hospital
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Introduction

Respiratory tract infections (RTIs) are among the most frequent causes of healthcare consultation worldwide. The respiratory

tract is traditionally separated into upper and lower segments, with the larynx being the anatomical demarcation [30]. This se-

paration has  clinical  relevance  since  infections  in  various  segments  have  different  symptoms,  etiologic  pathogens,  and treat-

ment strategies [31]. The COVID-19 pandemic has dramatically altered the landscape of respiratory infection research and clin-

ical practice since early 2020, stimulating unprecedented research into respiratory viral transmission, pathogenesis, and man-

agement [32].

Types of Respiratory Tract Infection

Upper Respiratory Tract Infections (URTIs): Upper respiratory tract infections affect the structures above the larynx, such as

the nasal passages, pharynx, larynx, sinuses, and middle ear.

Depending on the anatomical location of the predominant involvement, URTIs are divided into the following distinct clinical

entities :

Rhinitis (Common Cold): Nasal mucosal inflammation with nasal congestion, rhinorrhea, and sneezing.

Pharyngitis/Tonsillopharyngitis: Pharyngeal and tonsillar inflammation with predominant presentation as sore throat.

Sinusitis/Rhinosinusitis: Inflammation of paranasal sinuses, usually accompanied by nasal inflammation.

Otitis  Media:  Middle  ear  space  infection,  most  prevalent  in  children.  Ø Laryngitis:  Inflamed larynx resulting in

hoarseness and voice change.

Epiglottitis: Epiglottis inflammation with risk of airway obstruction [33].

A 2022 study analyzing electronic health records across five countries found that rhinitis accounts for approximately 50% of all

URTIs, followed by pharyngitis (23%), sinusitis (15%), otitis media (10%), and laryngitis (2%) [34]

1.2 Lower Respiratory Tract Infections (LRTIs): Lower respiratory tract infections include the below-laryngeal structures, such

as the trachea, bronchi, bronchioles, and alveoli.

LRTIs  are  divided into  a  few distinct  clinical  syndromes  depending upon the  anatomical  location and pathophysiologic  fea-
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tures:

Acute Bronchitis: Bronchial inflammation with productive cough but in the absence of evidence for pneumonia.

Bronchiolitis: Bronchiolar inflammation, which is most common in infants and preschool children.

Pneumonia: Lung parenchymal inflammation with consolidation, graded by:

Community-acquired pneumonia (CAP): Acquired outside of healthcare facilities

Hospital-acquired pneumonia (HAP): Occurring ≥48 hours after hospital admission

Ventilator-associated pneumonia after endotracheal intubation. (VAP): Occurring ≥48 hours

Healthcare-associated pneumonia (HCAP): Occurring in non-hospitalized patients with extensive healthcare contact

Lung Abscess: Focal accumulation of pus in the lung parenchyma secondary to microbial infection.

Emphysema: Accumulation of infected material in the pleural space [40].

Antibiotics - Empiric Therapy

Severe acute respiratory infections (SARI) and sepsis are major global causes of death, with hundreds of millions of SARI cases

and over 19 million sepsis cases each year. Delayed initiation of appropriate antibiotics in suspected bacterial infections increas-

es the risk of poor outcomes, including death that leads to implementation of empirical therapy[73].

Although early empirical antibiotic therapy improves outcomes in patients with sepsis and septic shock, the use of broad-spec-

trum antibiotics can lead to harmful effects. These include the emergence and selection of multidrug-resistant organisms and

disruption of normal gut microbiota. Frequent and excessive antibiotic use creates strong selective pressure that promotes bac-

terial resistance [73].

DOI: 10.1016/j.lanwpc.2021.100306

Study Objectives

To quantify the prevalence of LRTIs versus URTIs among hospitalized RTI patients.

To describe empirical antibiotic prescribing patterns, including spectrum category, class distribution, and route of

administration.

To  characterize  the  frequency  and  methods  of  antibiotic  modification  (escalation  and  de-escalation)  during

hospitalization.

To summarize microbiological culture yield and its relationship to empirical broad-spectrum prescribing.

Materials and Methods

Study Design and Setting

This was a prospective observational study conducted over six months (January 2025 to May 2025) at Innocent Hearts Super-
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speciality Hospital in collaboration with CT Institute of Pharmaceutical Sciences, Jalandhar (Punjab), India.

Participants

A total of 100 hospitalized patients diagnosed with RTIs were included. Inclusion criteria comprised patients of all ages and gen-

ders, including pregnant women, admitted with a clinical diagnosis of RTI. Patients with cancer, immunocompromised condi-

tions, or psychotic illness were excluded.

Data Collection and Variables

Data  were  collected  from  inpatient  case  records  and,  where  required,  patient  interviews  using  a  pre-structured  case  record

form. Variables included demographics (age, sex), RTI diagnosis, comorbidities, microbiological culture results, antibiotic pre-

scriptions (agent, class, dose, route, frequency), spectrum category (narrow, broad, extended), and antibiotic modification dur-

ing admission (no change, escalation, de-escalation).

Operational Definitions

LRTI/URTI Classification: RTIs were categorized as URTI or LRTI based on the documented clinical diagnosis.

Spectrum Category: Antibiotics were classified as narrow-, broad-, or extended-spectrum according to their usual range of ac-

tivity as recorded in the study dataset.

Empirical Therapy: Initial antibiotic therapy prescribed before microbiological confirmation was considered empirical.

Escalation: A change to a broader-spectrum agent, an increase in dose, or addition of another antibiotic to expand coverage.

De-escalation: A reduction in antibiotic intensity via dose reduction, spectrum narrowing, or discontinuation of one or more

antibiotics.

Outcomes

The primary outcome was the proportion of antibiotic prescriptions categorized as broad-spectrum. Secondary outcomes in-

cluded  the  prevalence  of  LRTIs,  microbiological  culture  yield,  the  frequency  of  antibiotic  escalation/de-escalation,  and  the

methods by which escalation/de-escalation were implemented.

Statistical Analysis

Descriptive statistics were used to summarize distributions of diagnoses and prescribing patterns. Analyses were performed us-

ing SPSS (version 16) and Microsoft Excel.

Ethics Approval

The study protocol was approved by the Institutional Ethics Committee of the Punjab Institute of Medical Sciences and Hospi-

tal (IEC/24/49). Patient confidentiality was maintained throughout data collection and reporting.

Results

Patient Demographics

The study included 100 hospitalized RTI patients. The age distribution was skewed toward older adults, with the highest pro-
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portion in the 68-77 year group (26%). Females comprised 53% of the cohort, males 43%, and pregnant women (reported as a

distinct subgroup) accounted for 4%.

Table 1: Demographic Characteristics of the Study Population (N=100)

Characteristic n %

Age group (years)   

8-17 2 2%

18-27 8 8%

28-37 11 11%

38-47 9 9%

48-57 13 13%

58-67 17 17%

68-77 26 26%

78-87 12 12%

88-97 2 2%

Sex   

Male 43 43%

Female 53 53%

Pregnant women 4 4%

Clinical Diagnosis and Infection Type

LRTIs accounted for 87% of RTI cases (Figure 1). Pneumonia was the most frequent diagnosis (30%), followed by respiratory

failure (13%), bronchitis (8%), and pharyngitis (5%); other RTI-related diagnoses comprised 44% (Table 2).

Table 2: RTI Diagnosis and Type Among Hospitalized Patients (N=100)

Category Subcategory n %

Diagnosis Pneumonia 30 30%

Diagnosis Respiratory failure 13 13%

Diagnosis Bronchitis 8 8%

Diagnosis Pharyngitis 5 5%

Diagnosis Other RTI diagnoses 44 44%

RTI type LRTI 87 87%

RTI type URTI 13 13%
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Figure 1: Distribution of Respiratory Tract Infection Type (N=100)

Microbiological Findings and the Diagnostic Gap

Microbiological confirmation was limited. No microorganism was identified in 80% of patients, indicating a large culture-nega-

tive burden (Table 3 and Figure 2). Among identified pathogens, Streptococcus pneumoniae and Mycobacterium tuberculosis

were most frequent (7% each).

Table 3: Microorganisms Identified From Cultures (N=100)

Result n %

No growth 80 80%

S. pneumoniae 7 7%

M. tuberculosis 7 7%

A. baumannii 2 2%

Pseudo hyphae 2 2%

Orthopneumovirus 1 1%

Other 2 2%

Figure 2: Microbiological Yield of Respiratory Specimens (N=100)
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Antibiotic Prescribing Patterns

Empirical  therapy  was  predominantly  broad-spectrum:  89%  of  antibiotic  prescriptions  were  categorized  as  broad-spectrum

(Figure 3). Injectable formulations were used in 76% of patients, indicating a preference for parenteral therapy in hospitalized

RTI care.  Beta-lactams were the most frequently prescribed class (82 patients),  followed by macrolides (40 patients) (Table 4

and Figure 4).

Table 4: Empirical Antibiotic Use Characteristics (N=100)

Domain Category n %/Notes

Route of administration Injectables 76 76%

Route of administration Oral 24 24%

Antibiotic spectrum Broad-spectrum 89 89% of prescriptions

Antibiotic spectrum Narrow-spectrum 8 8% of prescriptions

Antibiotic spectrum Extended-spectrum 3 3% of prescriptions

Combination therapy Two antibiotics 63 63% of patients received
two antibiotics

Antibiotic class (patients may receive >1 class) Beta-lactams 82 n=82

Antibiotic class (patients may receive >1 class) Macrolides 40 n=40

Antibiotic class (patients may receive >1 class) Fluoroquinolones 17 n=17

Antibiotic class (patients may receive >1 class) Tetracyclines 9 n=9

Antibiotic class (patients may receive >1 class) Aminoglycosides 5 n=5

Antibiotic class (patients may receive >1 class) Other 6 n=6

Figure 3: Distribution of Antibiotic Spectrum Categories (N=100)
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Figure 4: Antibiotic Classes Prescribed (Patients May Receive More Than One Class)

Antibiotic Modification: Escalation and De-Escalation

Antibiotic therapy was modified during admission in the majority of cases. De-escalation occurred in 46% of patients, escala-

tion in 31%, and no change in 23% (Figure 5). Among escalations, adding another antibiotic was most common (64.5%), fol-

lowed by switching to a broader-spectrum antibiotic (19.35%) and dose escalation (16.12%). Among de-escalations, dose de-es-

calation (47.82%) and switching to narrower-spectrum therapy (45.65%) predominated; discontinuation occurred in 6.50%.

Table 5: Antibiotic Regimen Modifications and Methods (N=100)

Modification Category Value Notes

Overall change De-escalation 46% Patients in whom therapy was de-escalated

Overall change Escalation 31% Patients in whom therapy was escalated

Overall change No change 23% No modification

Escalation method Add another antibiotic 64.50% Among escalated cases

Escalation method Shift to broader spectrum 19.35% Among escalated cases

Escalation method Dose escalation 16.12% Among escalated cases

De-escalation method Dose de-escalation 47.82% Among de-escalated cases

De-escalation method Shift to narrower spectrum 45.65% Among de-escalated cases

De-escalation method Discontinue antibiotic 6.50% Among de-escalated cases

Figure 5: Frequency of Antibiotic Regimen Modification during Admission (N=100)
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Figure 6: Methods of Antibiotic De-Escalation (Among De-Escalated Cases)

Discussion

This study demonstrates a high burden of LRTIs among hospitalized RTI patients (87%), with pneumonia as the leading docu-

mented diagnosis. In such populations, delayed initiation of effective therapy is clinically undesirable, which likely contributes

to the observed reliance on broad-spectrum empirical regimens.

A central finding is the large diagnostic gap: 80% of cultures yielded no organism. Culture-negative LRTI is common and may

reflect prior antibiotic exposure, limited specimen quality, viral infections with bacterial rule-out, or diagnostic limitations of

conventional culture. In this context, clinicians often maintain broad initial coverage to mitigate the risk of undertreatment.

Broad-spectrum antibiotics accounted for 89% of prescriptions, and parenteral therapy predominated (76%). Beta-lactams and

macrolides were the most frequent classes used, consistent with common empirical strategies for pneumonia and severe LRTI

presentations. While this approach may be justified early in severe disease, continued broad-spectrum exposure is a recognized

driver of AMR and can increase adverse events.

Importantly, de-escalation was implemented in 46% of patients, most commonly via dose reduction and spectrum narrowing.

This indicates that empirical broad-spectrum therapy can be managed as a time-limited intervention, provided there is deliber-

ate reassessment. Conversely, escalation in 31% of patients highlights clinical complexity, possible initial undercoverage, or de-

terioration requiring expanded antimicrobial therapy.

From  a  stewardship  perspective,  these  results  support  a  practical  model  of  'start  broad  when  necessary,  then  reassess  early.'

Strategies to reduce the diagnostic gap could further lower unnecessary broad-spectrum exposure, including optimizing speci-

men collection before antibiotics, strengthening microbiology workflows, and incorporating rapid diagnostics and biomarkers

where feasible.

Limitations

Single-center design and modest sample size (n=100) may limit generalizability.

The analysis is descriptive and does not evaluate clinical endpoints such as mortality, length of stay, or cost.

Pathogen identification and susceptibility results were limited due to a high rate of culture-negative cases,  which
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restricts assessment of appropriateness of empirical regimens.

Spectrum categorization was based on standard activity ranges recorded in the dataset; antibiotic-level granularity and

guideline concordance were not assessed.

Conclusions

In  this  tertiary  care  cohort,  hospitalized  RTI  management  was  dominated  by  LRTIs  and  characterized  by  heavy  reliance  on

broad-spectrum empirical  antibiotics  in the setting of  limited microbiological  confirmation.  Despite  this  high initial  burden,

de-escalation occurred in nearly half of patients, demonstrating an opportunity to mitigate broad-spectrum exposure through

structured review, culture optimization, and stewardship practices.
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