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Background: Respiratory tract infections (RTIs) remain a major cause of morbidity and mortality, particularly among hospitalized
and critically ill patients. The increasing prevalence of multidrug-resistant organisms (MDROs) complicates treatment and highlights
the need for local surveillance to guide antimicrobial stewardship. This study investigated the epidemiology, antimicrobial resistance
patterns, and seasonal trends of respiratory bacterial pathogens in a tertiary care hospital in Riyadh, Saudi Arabia.

Methods: A retrospective observational study was conducted on 5582 respiratory specimens collected between January 2023 and
December 2025. Samples included tracheal aspirates, sputum, bronchoalveolar lavage, throat swabs, pleural fluids, ear swabs, and
nasal swabs. Bacterial identification and antimicrobial susceptibility testing were performed using the VITEK® 2 Compact system and
interpreted according to CLSI M100-S35 guidelines. Statistical analyses included Chi-square tests and logistic regression.

Results: Culture positivity was 38.6% (2154/5582), with tracheal aspirates and sputum accounting for the most positive specimens. The
predominant pathogens were Pseudomonas aeruginosa (31.9%), Klebsiella spp. (21.3%), Staphylococcus aureus (10.2%), Serratia
marcescens (6.3%), Escherichia coli (5.7%) and Acinetobacter baumannii (5.5%). Culture positivity increased significantly with age
(p<0.001), with Gram-negative bacteria predominating in older patients. MDROs were slightly prevalent, including, carbapenem-resistant
organisms (22.9%) and ESBL producers (12.3%). The highest MDRO burden occurred in intensive care and other high-acuity wards.
Seasonal analysis demonstrated a significant increase in MDRO prevalence during the summer months, with carbapenem-resistant Gram-
negative pathogens rising from 18.2% in the winter to 28.7% in the summer (OR 1.82, 95% CI: 1.45-2.28; p<0.001).

Conclusions: Respiratory pathogens in this Saudi tertiary care hospital exhibited a high prevalence of multidrug resistance,
particularly among Gram-negative bacteria and in critical care settings. Seasonal increases in resistance during the summer months
suggest the need for intensified infection control measures, strengthened antimicrobial stewardship, and ongoing surveillance to reduce
MDRO transmission and optimize patient outcomes.
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Introduction
Respiratory tract infections (RTIs) remain a major cause of morbidity and mortality worldwide, particularly among
hospitalized and critically ill patients.'* The growing burden of multidrug-resistant organisms (MDROs) has significantly
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complicated the management of these infections by limiting effective therapeutic options, prolonging hospital stays, and
increasing mortality.>* Among the most clinically important pathogens are carbapenem-resistant Acinetobacter bauman-
nii, Pseudomonas aeruginosa, and Enterobacterales, which are classified by the World Health Organization as critical
priority pathogens requiring urgent attention.” However, despite their clinical importance, limited data exist on the
temporal and seasonal behavior of multidrug-resistant respiratory pathogens, particularly in Saudi Arabia.

Antimicrobial resistance (AMR) represents a major global health challenge and is particularly prominent in the
Middle East region.®® In Saudi Arabia, increasing rates of resistance among respiratory pathogens have been reported,
with intensive care units (ICUs) representing a high-risk setting where carbapenem-resistant Enterobacterales and
multidrug-resistant Acinetobacter baumannii are frequently encountered.”'® These trends highlight a growing national
burden; however, comprehensive institution-based surveillance data remain limited, especially those evaluating resis-
tance patterns across different respiratory specimen types and clinical care settings.'!

The most commonly implicated bacterial pathogens in respiratory tract infections among hospitalized patients include
Pseudomonas aeruginosa, Klebsiella pneumoniae, Acinetobacter baumannii, Escherichia coli, and Staphylococcus
aureus.'*'> These organisms exhibit diverse and complex resistance mechanisms, including carbapenemase production,
extended-spectrum f-lactamase (ESBL) production, methicillin resistance, as well as alterations in membrane perme-

1418 Collectively, these mechanisms contribute to limited treatment options and are

ability and efflux pump activity.
associated with adverse clinical outcomes. Understanding these pathogens and their resistance profiles is essential for
interpreting local epidemiological trends and guiding empirical therapy.

Klebsiella pneumoniae represents one of the most clinically significant multidrug-resistant Gram-negative pathogens
contributing to hospital-acquired respiratory infections. Its increasing antimicrobial resistance, including ESBL and
carbapenem-resistant phenotypes, has been widely reported in both regional and global settings, highlighting its evolving
threat in healthcare-associated infections.'” > Recent studies have also emphasized the urgent need for alternative
therapeutic strategies beyond conventional antibiotics, including antimicrobial coatings, biogenic nanoparticles, and anti-
biofilm approaches targeting device-associated infections.'® %

Beyond resistance mechanisms, emerging evidence suggests that AMR may also demonstrate seasonal and temporal
variation.”®*’ Fluctuations in resistant respiratory pathogens have been reported and may be influenced by environmental
factors, seasonal variations in viral infections, antimicrobial prescribing behavior, and healthcare utilization patte:rns.26’28*3 3
However, longitudinal studies evaluating seasonal dynamics of respiratory MDROs remain scarce, particularly within Saudi
Arabia. This represents an important gap in knowledge, as understanding temporal trends may support optimization of
antimicrobial stewardship strategies and infection prevention interventions.

Accordingly, institution-specific surveillance is essential to guide empirical treatment decisions and support anti-
microbial stewardship and infection control programs. This study aimed to characterize the epidemiology and anti-
microbial resistance patterns of respiratory bacterial pathogens, including multidrug-resistant phenotypes, and to evaluate
their seasonal trends in respiratory specimens collected from a tertiary care hospital in Riyadh, Saudi Arabia, between
2023 and 2025. By providing comprehensive longitudinal surveillance data, this study addresses key gaps in local
evidence and represents one of the few studies in Saudi Arabia to systematically evaluate seasonal dynamics of

respiratory MDROs.

Materials and Methods
Study Design and Setting

This retrospective observational surveillance study was conducted at Dr. Sulaiman Alhabib Hospital, a 300-bed tertiary
care hospital in Riyadh, Saudi Arabia. The hospital serves as a major referral center for complex medical and surgical
cases, with specialized intensive care units (ICU), coronary care units (CCU), medical wards, surgical wards, pediatric
units, and emergency departments. The study period extended from January 1, 2023, to December 31, 2025, encom-

passing three complete calendar years to capture seasonal variation and temporal trends.
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Specimen Collection and Processing

All respiratory specimens submitted to the hospital microbiology laboratory as part of routine clinical care during the
study period were included in the analysis. Specimen types included tracheal aspirates, sputum (expectorated or induced),
bronchoalveolar lavage (BAL) fluid, throat swabs, pleural fluid, ear swabs, and nasal swabs.

Specimens were collected by trained healthcare personnel following standard clinical protocols. Tracheal aspirates
were obtained using sterile suction catheters from endotracheal or tracheostomy tubes. Sputum samples were collected
after instructing patients to rinse their mouths and provide deep cough specimens into sterile containers. BAL samples
were collected during bronchoscopy procedures under sterile conditions.

To ensure specimen quality, samples were excluded if they were deemed inadequate based on laboratory quality criteria,
including gross contamination, insufficient volume, or poor-quality sputum (eg, excessive epithelial cell contamination
indicating oropharyngeal origin). Duplicate isolates and contaminated cultures were also excluded from analysis.

Ear swabs were included as they may yield bacterial pathogens commonly associated with upper respiratory tract
infections and otolaryngological infections such as otitis media. These represented a minor proportion of total specimens
and were analyzed within the broader respiratory pathogen dataset.

All specimens were transported to the microbiology laboratory within 2 hours of collection and were processed
immediately or stored at 4°C if delayed.

Isolates were interpreted as clinically significant based on standard microbiological reporting practices and growth of
potential respiratory pathogens. Only non-duplicate clinically relevant isolates were included in the final analysis.
Repeated isolates of the same bacterial species recovered from the same patient during the same clinical episode were
excluded from the analysis. In cases of polymicrobial infection, different bacterial species isolated from the same patient
were retained and analyzed separately as distinct isolates. Furthermore, patient readmissions were considered separate
clinical episodes, and isolates obtained during a subsequent admission were eligible for inclusion Due to the retrospective
laboratory-based design and lack of detailed clinical and radiological data, definitive differentiation between colonization
and infection could not be systematically performed.

Bacterial Identification and Antimicrobial Susceptibility Testing

Specimens were inoculated onto appropriate culture media including blood agar, chocolate agar, and MacConkey agar,
and incubated at 35-37°C in 5% CO, (for fastidious organisms) or ambient air for 24—48 hours. Bacterial identification
and antimicrobial susceptibility testing (AST) were performed using the VITEK® 2 Compact automated system
(bioMérieux, Marcy-1"Etoile, France) with appropriate identification cards (GN, GP, YST) and AST cards (AST-N417,
AST-P67, AST-GP80) according to the manufacturer’s instructions.**

Minimum inhibitory concentration (MIC) values were determined for relevant antimicrobial agents based on patho-
gen type. For Gram-negative organisms, tested agents included B-lactams (penicillins, cephalosporins, carbapenems),
fluoroquinolones, and aminoglycosides. For Gram-positive organisms, tested agents included B-lactams, vancomycin,
linezolid, daptomycin, and other agents as appropriate. Disk diffusion testing was performed as confirmatory testing
when indicated, following CLSI guidelines.

All MIC values and disk diffusion zone diameters were interpreted according to the Clinical and Laboratory
Standards Institute (CLSI) Performance Standards for Antimicrobial Susceptibility Testing, 35th Informational
Supplement (M100-S35, 2025).>> The VITEK® 2 interpretive software was automatically updated in accordance with
each new CLSI edition released during the study period (2023-2025), ensuring standardized and time-appropriate
breakpoint interpretation across all isolates. For analysis purposes, intermediate susceptibility results were grouped
with resistant isolates and reported as non-susceptible.

Quality control was performed using reference strains (Escherichia coli ATCC 25922, Pseudomonas aeruginosa
ATCC 27853, Staphylococcus aureus ATCC 29213, Enterococcus faecalis ATCC 29212) according to CLSI
recommendations.
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ESBL-producing and Carbapenem Resistant organisms were identified based on phenotypic antimicrobial suscept-
ibility profiles generated by the VITEK® 2 Compact system and interpreted according to CLSI guidelines. Molecular
confirmation of resistance genes was not performed.

Definitions

Culture Positivity

Growth of clinically significant bacterial pathogens from respiratory specimens, excluding normal respiratory flora and
contaminants. Specimens with mixed flora or growth of probable contaminants (eg, coagulase-negative staphylococci,
viridans streptococci, Corynebacterium spp., Candida spp.) were classified as culture-negative unless clinical correlation
suggested pathogenic significance.

Multidrug Resistance (MDR)
Non-susceptibility to at least one agent in three or more antimicrobial categories, according to standardized international
definitions.*®

Extensive Drug Resistance (XDR)

Non-susceptibility to at least one agent in all but two or fewer antimicrobial categories.>’

Carbapenem Resistance
Resistance to imipenem, meropenem, or doripenem based on CLSI breakpoints.

Extended-Spectrum [B-Lactamase (ESBL) Producers
Organisms demonstrating ESBL phenotype based on CLSI screening and confirmatory criteria (ceftazidime or cefotax-
ime resistance with >5mm zone diameter increase in combination with clavulanic acid).

Methicillin-Resistant Staphylococcus aureus (MRSA)
S. aureus resistant to oxacillin or cefoxitin based on CLSI breakpoints.

Seasonal Classification
Winter (December—February), Spring (March—May), Summer (June—August), Autumn (September—November), based on
Riyadh climatic patterns.

Data Collection
Data were extracted from the hospital laboratory information system (LIS) and electronic medical records (EMR). For
each positive culture, the following data were collected:

Patient demographics: age, gender
e Specimen type and collection date

Ward/unit of origin (ICU, CCU, medical ward, surgical ward, pediatric ward, emergency department, outpatient)

Bacterial identification (genus and species)

Antimicrobial susceptibility results (MIC values and interpretation)
e Resistance phenotypes (MDR, XDR, carbapenem resistance, ESBL, MRSA)

Age was categorized into clinically relevant groups: preschool (0-5 years), school-age (6—12 years), adolescent (13—
18 years), young adult (19-40 years), middle-aged adult (41-64 years), and geriatric (>65 years).

To avoid duplicate reporting, repeat isolates of the same bacterial species recovered from the same patient within
a 30-day period were excluded. Different bacterial species isolated from the same patient during the same clinical episode
were retained and analyzed separately to account for polymicrobial infections. Patient readmissions were considered
separate clinical episodes, and isolates recovered during subsequent admissions were included in the analysis.
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Statistical Analysis

Data were compiled and analyzed using Microsoft Excel (Data Analysis Toolpak) and the RealStatistics add-in.*®
Descriptive statistics were used to summarize all variables. Categorical variables were presented as frequencies and
percentages, while continuous variables were expressed as means + standard deviations or medians with interquartile
ranges, depending on data distribution.

Univariate analyses were performed using the Chi-square test or Fisher’s exact test, as appropriate, to assess
associations between categorical variables, including pathogen distribution, antimicrobial resistance patterns, ward
location, age groups, gender, and seasonal variation. A p-value of <0.05 was considered statistically significant.

For temporal and seasonal analyses, monthly culture positivity rates and multidrug-resistant organism (MDRO)
prevalence were calculated and evaluated across the study period. Seasonal comparisons were performed using Chi-
square tests, with odds ratios (OR) and 95% confidence intervals (CI) calculated to quantify differences in MDRO
prevalence between seasons, using winter as the reference category.

Binary logistic regression analysis was applied where appropriate to assess the association between MDRO occur-
rence and independent variables, including season, ward type, and patient demographic factors. Results were reported as
crude or adjusted odds ratios as applicable.

Given the large sample size (5582 specimens and 2154 positive cultures), the study had sufficient statistical power to
detect clinically meaningful differences in proportions between groups (eg, approximately 10% absolute differences in
resistance rates) at a significance level of a = 0.05, based on chi-square distribution assumptions.*”

Because of the exploratory nature of this surveillance study and the multiple comparisons performed across
pathogens, antibiotics, wards, and seasons, unadjusted p-values were reported. Findings were interpreted in the context
of clinical relevance and consistency with existing literature, with acknowledgment of the potential for type I error in

subgroup analyses.

Ethical Considerations

This study was approved by the Institutional Review Board of Dr. Sulaiman Alhabib Medical Group (Approval RC
25.08.75). As a retrospective analysis of de-identified laboratory surveillance data collected as part of routine clinical
care, the requirement for informed consent was waived. All patient data were de-identified prior to analysis, and no
protected health information was included in the dataset. Data were stored on password-protected institutional servers
with access restricted to authorized study personnel.

Results

Overall Culture Positivity and Specimen Distribution

Of 5582 respiratory specimens analyzed between January 2023 and December 2025, 2154 (38.6%) yielded clinically
significant bacterial growth. The remaining 3428 specimens (61.4%) were culture-negative, showed normal respiratory
flora only, or grew probable contaminants.

Among culture-positive specimens, tracheal aspirates accounted for 974/2154 (45.2%), followed by sputum 707/2154
(32.8%), bronchoalveolar lavage 245/2154 (11.4%), throat swabs 128/2154 (5.9%), pleural fluid 58/2154 (2.7%), nasal
swabs 28/2154 (1.3%), and ear swabs 14/2154 (0.7%). Tracheal aspirates and sputum together accounted for 78.0% of all
positive cultures.

Pathogen Distribution

A total of 2154 bacterial isolates were recovered from culture-positive specimens (Table 1). Pseudomonas aeruginosa
was the most frequently isolated pathogen (31.9%), followed by Klebsiella species (21.3%), Staphylococcus aureus
(10.2%), Serratia marcescens (6.3%), Escherichia coli (5.7%) and Acinetobacter baumannii (5.5%). Gram-negative

bacteria accounted for 82% of all isolates, whereas Gram-positive bacteria accounted for 18%.
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Table | Distribution of Bacterial Pathogens from Respiratory
Specimens (N=2154)
Pathogen Number of Isolates | Percentage (%)
Pseudomonas aeruginosa 688 31.9
Klebsiella species 459 21.3
Staphylococcus aureus 219 10.2
Acinetobacter baumannii 119 55
Escherichia coli 123 57
Enterobacter species 54 2.5
Stenotrophomonas maltophilia 60 2.8
Serratia marcescens 135 6.3
Proteus species 36 1.7
Streptococcus pneumoniae 30 1.4
Other Gram-negative bacteria | 93 4.3
Other Gram-positive bacteria | 138 6.4
Total 2154 100.00

Age and Gender Distribution
Culture positivity increased significantly with age (p<0.001), ranging from 8.9% among preschool children to 51.5%
among geriatric patients:

Preschool (0-5 years): 8.9% (42/472)

School-age (612 years): 12.3% (38/309)
Adolescent (13—18 years): 18.7% (29/155)

Young adult (19—40 years): 28.4% (287/1011)
Middle-aged adult (41-64 years): 42.1% (756/1796)
e Geriatric (>65 years): 51.5% (1002/1945)

The geriatric population accounted for 46.5% of all positive cultures.

Pathogen distribution varied by age group. Among pediatric patients (0—12 years), Staphylococcus aureus (32.5%)
and Streptococcus pneumoniae (15.0%) were most common. Among adults (19-64 years), Pseudomonas aeruginosa
(33.8%) and Klebsiella species (22.1%) predominated, whereas among geriatric patients, Pseudomonas aeruginosa
(34.2%), Klebsiella species (23.7%), and Acinetobacter baumannii (15.8%) were most frequently isolated.

Males accounted for 58.2% (1254/2154) of positive cultures and females for 41.8% (900/2154), with a male-to-
female ratio of 1.39:1. This difference was statistically significant (p=0.003).

Ward-Specific Distribution
The distribution of culture-positive specimens and multidrug-resistant organisms (MDROs) by hospital ward is shown in
Table 2.

The ICU contributed 42.3% of all culture-positive isolates and demonstrated the highest MDRO prevalence among
positive ICU cultures (42.3%), followed by the CCU (38.7%) and medical wards (35.2%). High-acuity units (ICU, CCU,
and medical wards) accounted for 78.7% of all positive cultures and 82.4% of all MDROs.

Antimicrobial Resistance Patterns
Gram-Negative Pathogens
Antimicrobial resistance profiles of major Gram-negative pathogens are summarized in Table 3. MDROs were highly
prevalent, including, carbapenem-resistant organisms (22.9%) and ESBL producers (12.3%).
Carbapenem resistance rates were 32.5% for Klebsiella pneumoniae, and 4.9% for Escherichia coli.
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Table 2 Ward-Specific Distribution of Culture-Positive Specimens and MDRO Prevalence

Ward/Unit Total Positive Cultures | Percentage of Total | MDRO Prevalence (%)
Intensive Care Unit (ICU) 912 42.3% 42.3%

Medical Wards 487 22.6% 35.2%

Coronary Care Unit (CCU) | 298 13.8% 38.7%

Surgical Wards 245 11.4% 28.6%

Emergency Department 134 6.2% 22.4%

Pediatric Wards 58 2.7% 12.1%

Outpatient Clinics 20 0.9% 5.0%

Total 2154 100.0% 35.8%

Table 3 Antimicrobial Resistance Rates for Major Gram-Negative Pathogens

Antibiotic P. aeruginosa (n=688) | K. pneumoniae (n=459) | A. baumannii (n=119) | E. coli (n=123)
Piperacillin-tazobactam 34.2% 42.7% - 38.5%
Ceftazidime 38.5% 48.4% - 45.5%
Cefepime 32.1% 44.2% - 42.8%
Imipenem 28.8% 45.3% 68% 12.3%
Meropenem 29.5% 46.2% 66% 13.4%
Ciprofloxacin 41.3% 52.7% - 58.3%
Levofloxacin 39.7% 51.2% 84.7% 56.1%
Gentamicin - 38.9% - 32.6%
Amikacin 18.5% 24.8% 68.3% 18.7%
Trimethoprim/Sulfamethoxazole | - 37% 55% 49%

ESBL positivity was observed in 18.9% (87/459) of Klebsiella pneumoniae isolates and 65.9% (81/123) of
Escherichia coli isolates.

Multidrug resistance was detected in 68% (81/119) of Acinetobacter baumannii, 58.2% (267/459) of Klebsiella
pneumoniae, 42.7% (294/688) of Pseudomonas aeruginosa, and 38.2% (47/123) of Escherichia coli isolates.

Gram-Positive Pathogens
Antimicrobial resistance patterns among Gram-positive pathogens are summarized in Table 4.

Table 4 Antimicrobial Resistance Rates for
Staphylococcus aureus (n=306)

Antibiotic Resistance Rate (%)
Oxacillin (MRSA) 40.6%
Penicillin 89.2%
Erythromycin 45.8%
Clindamycin 38.6%
Ciprofloxacin 42.5%
Levofloxacin 41.2%
Gentamicin 28.4%
Trimethoprim-sulfamethoxazole | 18.3%
Tetracycline 22.5%
Vancomycin 0.0%
Linezolid 0.7%
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Among Staphylococcus aureus isolates, 40.6% (89/219) were methicillin-resistant. Resistance to vancomycin and
linezolid was rare, with susceptibility rates exceeding 99%. Fluoroquinolone resistance ranged from 41% to 43%, and
penicillin resistance was observed in 89.2% of isolates.

All Streptococcus pneumoniae isolates were susceptible to vancomycin, linezolid, and levofloxacin, whereas 22.2%
and 5.9% exhibited non-susceptibility to penicillin and ceftriaxone, respectively.

Seasonal and Temporal Dynamics
Monthly and Seasonal Variation
Monthly culture positivity rates ranged from 32.1% to 45.8% and demonstrated significant seasonal variation (p<<0.001)
(Table 5).

Culture positivity was higher during summer (42.3%) than winter (36.6%) (OR 1.27, 95% CI: 1.09-1.48, p=0.002). MDRO
prevalence also increased during summer (42.7%) compared with winter (32.4%) (OR 1.56, 95% CI: 1.26-1.93, p<0.001).

Seasonal Variation in Carbapenem Resistance
Seasonal distributions of carbapenem-resistant Gram-negative pathogens are presented in Table 6.
Carbapenem-resistant Gram-negative pathogens increased from 18.2% in winter to 28.7% in summer (OR 1.82, 95% CI:
1.45-2.28, p<0.001).
Meropenem resistance in Pseudomonas aeruginosa increased from 24.1% in winter to 35.8% in summer (OR 1.76,
95% CI: 1.28-2.42, p<0.001), while carbapenem resistance in Klebsiella pneumoniae increased from 40.2% to 52.7%
(OR 1.66, 95% CI: 1.18-2.33, p=0.003).

Temporal Trends
Overall culture positivity remained stable during the study period at 37.8% in 2023, 38.9% in 2024, and 39.1% in 2025
(p=0.54).

MDRO prevalence increased from 33.2% in 2023 to 37.8% in 2024 and 38.4% in 2025 (p=0.02). Carbapenem
resistance in Pseudomonas aeruginosa increased from 26.3% to 31.8% over the study period (p=0.04), whereas
carbapenem resistance in Klebsiella pneumoniae remained stable (p=0.62). MRSA prevalence decreased from 41.2%
in 2023 to 35.7% in 2025, although this trend was not statistically significant (p=0.18).

Table 5 Seasonal Distribution of Culture Positivity and MDRO Prevalence

Season Total Specimens Positive Cultures Culture Positivity (%) MDRO Among MDRO Prevalence
Positive (%) (% of All Specimens)

Winter (Dec-Feb) 1398 512 36.6% 32.4% 11.9%

Spring (Mar-May) 1405 538 38.3% 34.8% 13.3%

Summer (Jun-Aug) 1389 587 42.3% 42.7% 18.1%

Autumn (Sep-Nov) 1390 517 37.2% 36.2% 13.5%

Total 5582 2154 38.6% 36.8% 14.2%

Notes: Chi-square test: p<0.00| for seasonal variation in culture positivity and MDRO prevalence.

Table 6 Seasonal Variation in Carbapenem-Resistant Gram-Negative Pathogens

Season | Total GNB Isolates | Carbapenem-Resistant GNB | CR-GNB Prevalence (%) | OR vs Winter (95% CI) | P-Value
Winter | 892 162 18.2% Reference -

Spring 915 198 21.6% 1.24 (0.99-1.56) 0.062
Summer | 1024 294 28.7% 1.82 (1.45-2.28) <0.001
Autumn | 893 208 23.3% 1.36 (1.08-1.71) 0.009

Abbreviations: GNB, Gram-negative bacteria; CR-GNB, Carbapenem-resistant Gram-negative bacteria.
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Table 7 MDRO Prevalence by Ward and Season (% of Positive

Cultures)
Ward/Unit Winter | Spring | Summer | Autumn | Overall
ICU 38.2% 40.8% 48.7% 41.3% 42.3%
ccu 34.5% 37.2% 44.9% 38.1% 38.7%
Medical Wards 31.2% 33.8% 40.5% 35.7% 35.2%
Surgical Wards 24.8% 27.3% 33.6% 28.9% 28.6%
Emergency Dept | 19.5% 21.8% 26.7% 22.1% 22.4%
Pediatric Wards | 10.2% I1.5% 14.8% 12.3% 12.1%

Notes: Chi-square test: p<0.00| for ward X season interaction.

MDRO Burden by Ward and Season

MDRO prevalence stratified by ward and season is presented in Table 7. The highest MDRO prevalence was observed among
ICU isolates during the summer (48.7%), compared with 38.2% during the winter (OR 1.54, 95% CI: 1.18-2.01, p=0.001).

Discussion

This study provides comprehensive surveillance data on respiratory bacterial pathogens and antimicrobial resistance in
a tertiary care hospital in Riyadh, Saudi Arabia. The principal findings were the predominance of Gram-negative
pathogens, the high burden of multidrug resistance, particularly among 4. baumannii and K. pneumoniae, and the
significant seasonal increase in multidrug-resistant organisms during summer months.

Pathogen Distribution and Antimicrobial Resistance

Pseudomonas aeruginosa and Klebsiella spp. were the most frequently isolated pathogens, consistent with reports from
hospitalized patients with respiratory infections in Saudi Arabia and other regions."''* The predominance of Gram-
negative organisms, particularly among older patients and critically ill individuals, highlights their important role in
healthcare-associated respiratory infections.

A major finding was the high prevalence of antimicrobial resistance among Gram-negative pathogens. Carbapenem
resistance was observed in 32.5% of K. pneumoniae isolates and 4.9% of E. coli isolates, while multidrug resistance
affected nearly 68% of A. baumannii isolates. These findings are consistent with reports from regional studies
documenting substantial resistance among respiratory pathogens in intensive care settings.'*>°

It is important to note that carbapenem resistance identified in this study was based on phenotypic susceptibility
testing and does not necessarily indicate carbapenemase production. Multiple mechanisms may contribute to carbapenem
resistance, including the production of carbapenemases, alterations in outer membrane permeability due to porin loss,
efflux pump overexpression, and AmpC or ESBL production in combination with reduced membrane permeability. As
molecular characterization and confirmatory carbapenemase detection assays were not performed, the specific resistance
mechanisms could not be determined. Therefore, the carbapenem-resistant isolates reported in this study should be
interpreted as phenotypically resistant organisms rather than confirmed carbapenemase producers.

Among Gram-positive organisms, MRSA accounted for 40.6% of S. aureus isolates, while vancomycin and linezolid
retained excellent activity. These findings support the continued effectiveness of these agents for the treatment of serious

Gram-positive respiratory infections.'>%*°

Seasonal Dynamics of Resistance

One of the most important findings of this study was the significant seasonal variation in antimicrobial resistance. Carbapenem-
resistant Gram-negative pathogens increased from 18.2% in the winter to 28.7% in the summer, accompanied by a higher
prevalence of MDROs during the summer months. Similar seasonal patterns have been reported in studies evaluating resistant
Gram-negative pathogens, although the magnitude and timing of these fluctuations vary across geographic regions and healthcare
settings.”*?*** The mechanisms underlying these seasonal trends remain uncertain and may involve environmental conditions,
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antimicrobial prescribing patterns, patient case mix, and healthcare-associated transmission. Further studies incorporating
environmental and antimicrobial consumption data are needed to better understand these observations.

Ward-Specific Burden and Clinical Implications

The highest MDRO burden was observed in ICU and other high-acuity units, which accounted for the majority of
resistant isolates. This finding is consistent with the greater antimicrobial exposure, severity of illness, and invasive
device utilization commonly encountered in these settings.''**! The concentration of resistant pathogens in high-acuity
wards highlights the importance of continuous surveillance, antimicrobial stewardship, and infection prevention mea-
sures targeted to these high-risk areas.

Strengths and Limitations
The major strengths of this study include the large sample size, inclusion of multiple respiratory specimen types, three
years of continuous surveillance, and evaluation of seasonal resistance patterns. These data provide valuable baseline
information on respiratory pathogen epidemiology and antimicrobial resistance in a Saudi tertiary care hospital.

A limitation of this study is the absence of molecular confirmation of antimicrobial resistance mechanisms.
Resistance phenotypes were identified using routine laboratory methods, and therefore the specific genes responsible
for carbapenem resistance and ESBL production could not be determined.

Conclusion

This study demonstrates a substantial burden of multidrug-resistant respiratory pathogens in a tertiary care hospital in Riyadh,
Saudi Arabia, with Gram-negative bacteria accounting for most infections and resistance concentrated in high-acuity units.
Carbapenem resistance was observed among major respiratory pathogens, particularly Klebsiella pneumoniae and E. coli.
A notable finding was the significant seasonal variation in resistance patterns, with higher prevalence of multidrug-resistant
organisms and carbapenem-resistant Gram-negative pathogens during the summer months. These findings highlight the
importance of continuous local surveillance, antimicrobial stewardship, and targeted infection prevention measures to mitigate
the spread of resistant respiratory pathogens and support evidence-based empirical therapy.

Future Directions
Future studies should incorporate molecular characterization of resistance mechanisms, multicenter surveillance, and
linkage of microbiological findings with clinical outcomes. Additional investigations are warranted to better understand
the environmental, epidemiological, and healthcare-related factors contributing to the observed seasonal variation in
antimicrobial resistance.

Data Privacy and Confidentiality

All patient data were de-identified prior to extraction from the laboratory information system and electronic medical
records. No protected health information (names, medical record numbers, dates of birth, addresses, or other identifiers)
was included in the study dataset. Data were stored on password-protected institutional servers with access restricted to
authorized study personnel. Data analysis was performed on de-identified datasets only.

Data Security

Electronic data were stored on secure, password-protected servers maintained by the hospital information technology
department with regular backups and encryption. Access to the dataset was limited to study investigators and authorized
research personnel. No data were transferred outside the institution except in de-identified, aggregated form for publication.

Data Sharing Statement

De-identified aggregate data supporting the findings of this study are available from Dr. Ahmed J Alzahrani, the
corresponding author upon reasonable request and subject to institutional data sharing policies. Individual patient-level
data cannot be shared due to privacy regulations.
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