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Background: Sterile body fluid infections represent life-threatening conditions requiring prompt, targeted therapy, yet long-term
regional surveillance data on pathogen distribution and antimicrobial resistance (AMR) in these infections remain scarce. This study
assessed nine-year trends in aerobic microbiological patterns and AMR in sterile body fluid isolates in a tertiary care hospital.
Methods: We conducted a retrospective observational study of all peritoneal, pleural, and pericardial fluid samples processed between
2016 and 2024. Only the first unique isolate per patient was included. Organisms were identified and antimicrobial susceptibility
testing performed according to CLSI standards using automated and manual methods. Demographic and microbiological character-
istics were summarized descriptively, while group comparisons used Chi-square, Fisher’s exact test, ANOVA, or t-tests. Logistic
regression evaluated year-on-year changes in non-susceptibility. Intermediate categories were included within non-susceptible inter-
pretations. Institutional ethical approval was obtained.

Results: A total of 764 unique isolates were analyzed, predominantly from peritoneal (84%) and pleural (16%) fluids. Gram-negative
organisms accounted for 74.8% of isolates, with Escherichia coli, Klebsiella pneumoniae subspecies, and Pseudomonas aeruginosa being
most frequent. ESBL-producing Enterobacterales constituted 24.1% of isolates, while 5.5% were CRE. MRSA represented 23.5% of
Staphylococcus isolates. Non-fermenters demonstrated substantially higher resistance to carbapenems and aminoglycosides. Logistic
regression showed significant annual declines in non-susceptibility to gentamicin, cefepime, ceftazidime, and meropenem (p < 0.05),
while colistin exhibited a non-significant upward trend. Yeast isolates remained highly susceptible to azoles and echinocandins. Because
anaerobic culture was performed selectively, findings primarily reflect aerobic and facultative organisms rather than the full pathogen
spectrum.

Conclusion: In this aerobic dataset, Gram-negative pathogens predominate in sterile body fluid infections, with notable ESBL burden
and emerging CRE. Despite encouraging improvements in susceptibility to several agents, AMR remains dynamic and clinically
consequential. Findings highlight the need for ongoing surveillance, strengthened antimicrobial stewardship, and integration of
molecular resistance testing to optimize empiric therapy. Although limited by its single-center retrospective design, these findings

provide long-term aerobic surveillance data but must be interpreted within the context of limited anaerobic culture.
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Introduction

Sterile body fluid infections, including peritonitis, pleural empyema, and pericardial infections, are medical emergencies
associated with high morbidity and mortality.' > Accurate pathogen identification is essential for source control and
appropriate antimicrobial therapy.'™ Mortality rates for secondary peritonitis may exceed 30% in some cohorts, and
empyema carries a reported mortality of 10-20%, particularly when source control or effective antimicrobial therapy is
delayed."

The epidemiology of sterile fluid infections differs substantially between community-acquired and hospital-acquired
syndromes. Community-acquired empyema and SBP often involve Streptococcus spp. and Enterobacterales, whereas
hospital-acquired infections more frequently involve FEnterococcus, Pseudomonas, and other multidrug-resistant
organisms.'* This distinction is clinically important but could not be consistently determined from laboratory records.

Because peritoneal, pleural, and pericardial spaces are physiologically sterile, any microbial growth is clinically mean-
ingful and requires rapid diagnostic evaluation and targeted treatment. These infections arise from diverse etiologies—such as
gastrointestinal perforation, complicated pneumonia, hematogenous spread, postoperative complications, or invasive proce-
dures—and frequently affect critically ill patients who are at increased risk for antimicrobial resistance (AMR).*>

The microbial landscape of sterile body fluid infections is dominated globally by Gram-negative organisms.'™
Escherichia coli, Klebsiella pneumoniae, and Pseudomonas aeruginosa are consistently among the most commonly
identified pathogens in intra-abdominal and pleural infections.”° Their clinical significance is amplified by the increasing
prevalence of extended-spectrum [-lactamase (ESBL)-producing Enterobacterales and carbapenem-resistant
Enterobacterales (CRE), both of which are associated with delays in effective therapy, increased need for advanced
antimicrobials, longer hospital stays, and higher mortality.” '°

Gram-positive organisms—including methicillin-resistant Staphylococcus aureus (MRSA), Enterococcus faecium,
coagulase-negative staphylococci (CoNS), and Enterococcus faecalis—also contribute substantially to sterile site infec-
tions, particularly in healthcare-associated settings, where multidrug resistance is increasingly common.'""'* CoNS
represent both contamination and true infection in vulnerable populations.'?

Fungal pathogens, especially Candida species, are emerging as important causes of sterile body fluid infections in
immunocompromised and critically ill patients. Recent global surveillance data show rising resistance to azoles and
echinocandins, particularly among Candida glabrata, complicating empiric and definitive antifungal therapy.'>"'*
Although anaerobes—such as Bacteroides fragilis—play a recognized role in secondary peritonitis, most hospital
microbiology laboratories primarily report aerobic and facultative anaerobic organisms in routine culture workflows;
thus, long-term sterile body fluid datasets often disproportionately reflect aerobes and clinically significant yeasts.'>

Despite the global escalation of AMR, there is a notable scarcity of long-term surveillance data focused specifically on
sterile body fluid infections, especially in the Middle East. Existing studies in Saudi Arabia and the Gulf Cooperation Council
(GCC) region have documented increasing ESBL and carbapenem resistance in bloodstream and urinary isolates, but sterile
body fluid—specific epidemiological data remain extremely limited.'®'® Given the distinct pathogen distribution, severe
clinical implications, and therapeutic urgency associated with these infections, institution-specific surveillance is essential to
guide empiric therapy, support antimicrobial stewardship programs, and detect emerging resistance threats.

The microbiology of sterile body fluid infections differs markedly between community-acquired and hospital-acquired
syndromes, with the former often dominated by Streptococcus species and Entero-bacterales, and the latter more commonly
involving Enterococcus, Staphylococcus aureus, Pseudomonas, and other multidrug-resistant organisms. This epidemiologi-
cal distinction is central to interpreting resistance patterns but could not be fully delineated in our dataset.

Regional studies consistently report high ESBL prevalence and increasing carbapenem resistance among major
pathogens in Saudi Arabia and the GCC.”"'° Despite regional AMR concerns, long-term sterile body fluid surveillance
remains scarce. This study addresses this gap using nine-year microbiological and AMR data from a Saudi tertiary-care
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center. The objectives were to (1) characterize the distribution of bacterial and fungal pathogens; (2) assess the
prevalence of key resistance phenotypes such as ESBL, CRE, and MRSA; and (3) evaluate temporal trends in
antimicrobial non-susceptibility. These findings aim to strengthen evidence-based clinical decision-making and contri-
bute to regional AMR surveillance efforts.

This study is designed as a longitudinal microbiological surveillance analysis aimed at characterizing pathogen
distribution and antimicrobial resistance trends in aerobic isolates from sterile body fluids, rather than identifying causal
determinants of resistance.

Methods
Study Design and Setting

This retrospective observational study was conducted at a tertiary-care academic medical center in Riyadh, Saudi Arabia
(2016-2024), which serves a large adult and pediatric population and provides advanced surgical, critical care, and
interventional services. The microbiology laboratory is accredited and participates in internal and external quality
assurance programs. All sterile body fluid samples processed between January 1, 2016, and December 31, 2024, were
eligible for inclusion. The study adhered to STROBE guidelines for reporting observational studies.' The demographic
and clinical characteristics of patients across organism categories are summarized in Table 1. Demographic character-

istics according to inpatient and outpatient settings are presented in Table 2.

Table | Distribution of Demographic and Clinical Characteristics According to Isolated Organism

Categories

Characteristic Total Samples | Gram Negative | Gram Positive | Yeast P-value
n =764 n=510 n=172 n =82

Age (mean * SD) 49.14 + 17.583 | 4833 + 17.734 52.56 + 17.283 47.04 + 16.498 | 0.012°

Sex

Male 468 (61.3%) 305 (65.2%) 111 (23.7%) 52 (11.1%) 0.498¢

Female 296 (38.7%) 205 (69.3%) 61 (20.6%) 30 (10.1%)

Hospitalization ward

Non-ICU ward 622 (81.4%) 421 (67.7%) 150 (24.1%) 51 (8.2%) 0.000°

ICU ward 142 (18.6%) 89 (62.7%) 22 (15.5%) 31 (21.8%)

Setting

Inpatient (INP) 744 (97.4%) 500 (67.2%) 162 (21.8%) 82 (11.0%) 0.012°

Outpatient (OPD) 20 (2.6%) 10 (50.0%) 10 (50.0%) 0 (0.0%)

Patient Category

In-Patient 602 (78.8%) 411 (68.3%) 140 (23.3%) 51 (8.5%) <0.001°

ICU 142 (18.6%) 89 (62.7%) 22 (15.5%) 31 (21.8%)

ER 19 (2.5%) 10 (52.6%) 9 (47.4%) 0 (0.0%)

Out-Patient | (0.1%) 0 (0.0%) | (100.0%) 0 (0.0%)

(Continued)
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Table | (Continued).

Characteristic Total Samples | Gram Negative | Gram Positive | Yeast P-value
n =764 n=5I0 n=172 n =82

Body fluid

Peritoneal 643 (84.2%) 435 (67.7%) 136 (21.2%) 72 (11.2%) 0.095°

Pleural 120 (15.7%) 75 (62.5%) 35 (29.2%) 10 (8.3%)

Pericardial | (0.1%) 0 (0.0%) | (100.0%) 0 (0.0%)

Year

2016 79 (10.3%) 60 (75.9%) 9 (11.4%) 10 (12.7%) 0.117°

2017 81 (10.6%) 54 (66.7%) 23 (28.4%) 4 (4.9%)

2018 108 (14.1%) 71 (65.7%) 24 (22.2%) 13 (12.0%)

2019 101 (13.2%) 75 (74.3%) 20 (19.8%) 6 (5.9%)

2020 32 (4.2%) 22 (68.8%) 7 (21.9%) 3 (9.4%)

2021 61 (8.0%) 33 (54.1%) 15 (24.6%) 13 (21.3%)

2022 86 (11.3%) 56 (65.1%) 22 (25.6%) 8 (9.3%)

2023 108 (14.1%) 69 (63.9%) 28 (25.9%) 11 (10.2%)

2024 108 (14.1%) 70 (64.8%) 24 (22.2%) 14 (13.0%)

Notes: ANOVA test; °Fisher exact test; “Chi-Square test; 9P-values for “Hospitalization ward” compare the proportion of isolates
found in ICU vs. Non-ICU across the organism categories.
Abbreviations: ICU, Intensive Care Unit; ER, Emergency Room; SD, Standard deviation.

Table 2 Demographic Characteristics of Patients Across Inpatient and
Outpatient Settings

Characteristic Total Samples | Setting P-value
Inpatient Outpatient
n =764 n =744 n =20

Age (mean £ SD) | 49.14 + 17.583 | 49.34 + 17.643 | 42.00 + 13.707 | 0.066"

Sex | Male 468 (61.3%) 457 (97.6%) 11 (2.4%) 0.643°

Female | 296 (38.7%) 287 (97.0%) 9 (3.0%)

Note: *Independent Sample T-test; “Fisher’s exact test.
Abbreviations: SD: Standard deviation.

Specimen Types, Collection, and Processing
Sterile body fluids included peritoneal, pleural, and pericardial fluids. Cerebrospinal, synovial, and vitreous/ocular fluids
were excluded a priori due to differing microbiological profiles and clinical pathways. Peritoneal fluid samples were
analyzed in aggregate; distinction between spontaneous bacterial peritonitis (SBP), secondary peritonitis, and peritoneal
dialysis (PD) effluent was not possible due to retrospective coding limitations.
Because specimen labels did not reliably differentiate spontaneous bacterial peritonitis, secondary peritonitis, and PD-
associated peritonitis, source stratification was incomplete and may influence interpretation of organism distribution.
Samples were collected aseptically by treating clinicians and transported promptly at room temperature to the
microbiology laboratory. Specimens with insufficient volume (<1 mL), improper labeling, or prolonged transportation
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(>2 hours) were rejected according to laboratory policy. Also, duplicate samples, contaminants, and isolates lacking full
susceptibility results were excluded. CoNS were assessed against clinical/laboratory criteria to determine significance.'?

Upon receipt, each specimen underwent direct Gram stain and cytological assessment. Specimens were inoculated
onto standard aerobic culture media (blood agar, MacConkey agar, chocolate agar) and Sabouraud dextrose agar for
yeast. Anaerobic culture was performed selectively when clinically indicated (eg, suspected secondary peritonitis),
consistent with institutional workflow, as anaerobic organisms require specialized transport and processing not routinely
applied to all sterile fluids.? Cultures were incubated for up to 72 hours aerobically or under CO, as needed.

Because anaerobic culture was performed selectively rather than routinely, the dataset incompletely reflects the true
burden of anaerobic pathogens—particularly in secondary peritonitis and late-stage empyema, where anaerobes such as
Bacteroides fragilis, Prevotella, and anaerobic streptococci play major roles.'” The resulting pathogen distribution
therefore primarily reflects aerobic and facultative organisms.

Microbiological Processing and Identification

Samples were collected in sterile containers and processed according to standard microbiological procedures. Where required,
specimens were centrifuged prior to inoculation. Organism identification was performed using [VITEK/MALDI-TOF], and in
cases of discordant results, confirmatory testing was performed using standard laboratory protocols.

Matrix-assisted laser desorption ionization—time of flight mass spectrometry (MALDI-TOF MS; Bruker Biotyper)
was introduced in 2021 and used for confirmatory identification thereafter. These platforms are validated and widely used
for rapid, accurate microbial identification in clinical laboratories.** Identification databases were updated periodically
per manufacturer recommendations.

Polymicrobial cultures were reported when >2 clinically significant organisms grew from the same specimen, and
each organism was counted separately. Organisms judged to be contaminants based on laboratory and clinical parameters
(eg, coagulase-negative staphylococci without supporting clinical evidence) were excluded. Aeromonas species were
excluded during data curation due to known environmental contamination concerns.

Antimicrobial Susceptibility Testing (AST)

AST was performed using the VITEK® 2 automated system supplemented by manual disk diffusion or gradient diffusion
(Etest) where required. Interpretations followed Clinical and Laboratory Standards Institute (CLSI) guidelines applicable
to the year in which the isolate was processed.'” Selective antimicrobial susceptibility testing was applied based on
organism type and clinical relevance. For colistin, susceptibility testing was performed using broth microdilution in
accordance with CLSI recommendations. Due to the retrospective design, detailed clinical variables (eg, underlying
conditions, infection source classification, and outcomes) were not consistently available.

We acknowledge that using contemporaneous breakpoints introduces a potential confounder, as breakpoint definitions (eg,
for carbapenems and cephalosporins) evolved during the study period. This may influence temporal trend analysis, as changing
interpretive thresholds can artificially elevate or reduce resistance rates independent of true MIC drift. Historical MIC data were
not available to retrospectively harmonize all isolates to 2024 standards, representing a significant methodological limitation.
However, this approach preserves the clinical categorization reported to treating teams at the time of infection.

Because CLSI breakpoints for cephalosporins, carbapenems, and other key agents changed over the study period,
classification of susceptibility is influenced not only by biological shifts but also by evolving interpretive standards.
Historical MIC values were unavailable for retrospective harmonization to 2024 criteria. This constitutes a major threat to
validity for resistance trend analysis, and some observed changes may partially reflect breakpoint evolution rather than true
microbiological improvement.

Intermediate results were classified as non-susceptible for analytic purposes, in line with established AMR reporting
conventions. ESBL production was confirmed using CLSI-recommended phenotypic methods (cefotaxime/ceftazidime
with and without clavulanate).’ Carbapenem-resistant Enterobacterales (CRE) were defined as Enterobacterales exhibit-
ing non-susceptibility to imipenem, meropenem, and/or ertapenem. Methicillin-resistant Staphylococcus aureus (MRSA)
was identified using cefoxitin screening and/or mecA detection where available.
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Susceptible-Dose-Dependent (SDD) and Intermediate categories were grouped with Resistant isolates as “non-
susceptible” for epidemiologic analysis. While analytically appropriate for surveillance, these categories differ clinically
in dosing and therapeutic implications, and the aggregation may slightly alter resistance proportions for agents such as
cefepime and piperacillin-tazobactam.

Colistin susceptibility testing was performed using broth microdilution, the only CLSI-endorsed method for deter-
mining colistin MICs.” Disk diffusion and automated system colistin results were not used for interpretation.

Fungal Susceptibility Testing

Yeast isolates underwent antifungal susceptibility testing using CLSI M27 broth microdilution methodology.®
Antifungals tested included fluconazole, voriconazole, micafungin, caspofungin, and flucytosine. Clinical breakpoints
and epidemiologic cut-off values (ECVs) were applied based on CLSI M59/M60 guidelines.’

Data Management and Exclusion Criteria

Data were extracted from the laboratory information system and cross-verified manually. To avoid over-representation,
only the first unique isolate per organism per patient per clinical episode was included. Repeat isolates with identical
organism identification and resistance profiles were excluded as duplicates; however, isolates with new species or new
susceptibility patterns were included. Polymicrobial cultures were counted as separate isolates.

Recurrent episodes in the same patient (eg, repeated PD-associated peritonitis) were counted as new events only when
the organism or resistance phenotype differed. This approach minimizes overrepresentation of persistent colonization
while allowing inclusion of clinically distinct infections.

Exclusions included contaminants, duplicate isolates, environmental organisms (eg, Aeromonas), and samples lacking
complete AST profiles. Missing data were handled by listwise deletion.

All data reprocessing and coding were performed using Microsoft Excel 2021.

Statistical Analysis
Statistical analyses were conducted using IBM SPSS Statistics version 26.0 (IBM Corp., Armonk, NY, USA).
Descriptive statistics summarized demographic and microbiological characteristics. Continuous variables were presented
as means *+ standard deviation (SD) and compared using independent t-tests or analysis of variance (ANOVA).
Categorical variables were compared using Chi-square or Fisher’s exact tests.

Temporal trends in antimicrobial non-susceptibility were evaluated using binary logistic regression, with year as
a continuous predictor. Regression outputs included coefficients (B), standard errors (SE), Wald x* values, p-values, odds
ratios (OR), and 95% confidence intervals (CI). No multivariable adjustment was applied, consistent with ecological AMR
trend analyses.'® Multiple-comparison corrections were not applied, as the objective was exploratory AMR surveillance rather
than hypothesis testing.

Logistic regression analyses were unadjusted due to the absence of complete covariate data. Therefore, findings
should be interpreted as descriptive trends rather than causal associations.

Some regression coefficients (eg, cefepime OR 0.003, meropenem OR 0.039) likely reflect sparse yearly resistance
counts or outlier years rather than dramatic biological shifts. These values should therefore be interpreted cautiously.

A significance threshold of p < 0.05 (two-tailed) was used for all analyses.

Quality Assurance

The laboratory adhered to internal quality control procedures and participated in external proficiency testing programs,
including College of American Pathologists (CAP) and other regional schemes, ensuring reliability and accuracy of
identification and AST results.'' Instruments underwent routine calibration and maintenance per manufacturer

protocols.
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Ethical Approval

The study was approved by the Research Ethics Committee at King Khalid University (IRB KKU-153-2025-31). As
a retrospective analysis of anonymized laboratory data, the requirement for informed consent was waived by the
institutional ethics committee, not by the authors, and in accordance with the principles of the Declaration of Helsinki.

Results

Specimen Overview and Flow

Across the study period, a total of 764 clinically significant isolates were recovered from sterile body fluid specimens.
After removing duplicates, contaminants, and samples lacking complete antimicrobial susceptibility data, these 764
unique isolates formed the dataset for analysis. Of these, 682 (89.3%) were bacterial isolates and 82 (10.7%) were yeasts.
The bacterial isolates were distributed across peritoneal, pleural, and pericardial fluids, with peritoneal fluid representing
the vast majority of samples.

Distribution of Organisms by Gram Reaction

Gram-negative bacteria predominated, accounting for nearly three-quarters (74.8%) of all bacterial isolates. Among these
Gram-negative organisms, fermenters were the dominant group, representing 74.7% of Gram-negatives (55.9% of all
bacteria), while non-fermenters accounted for 25.3% (18.9% of all bacteria).

Gram-positive organisms constituted 25.2% of bacterial isolates. Within this group, Enterococcus species were the
most common, representing over half of Gram-positive isolates, followed by Staphylococcus species (including MRSA
and MSSA) and a much smaller proportion of Streptococcus species. Subgroup counts for Streptococcus spp., pericardial
isolates, and CRAB were small and should be interpreted descriptively. The detailed distribution of organisms by species
and subgroup is presented in Table 3. The distribution of isolates by specimen type is summarized in Table 4.

Table 3 Distribution of Organism Categories Within Gram-Positive and Gram-
Negative Isolates

Gram Type Organism Count | % Within % of Total Bacterial
Category Gram Type | Isolates (n = 682%)
Gram Negative | A fermenter 129 25.3% 18.9%
Fermenter 381 74.7% 55.9%
Total 510 100.0% 74.8%
Gram Positive Enterococcus 94 54.7% 13.8%
Staphylococcus | 68 39.5% 10.0%
Streptococcus 10 5.8% 1.5%
Total 172 100.0% 25.2%

Note: *Total number of isolated bacteria only.

Table 4 Most Common Organism Species in
Study Population

Organism Species N (%)

Escherichia coli 201 (26.3%)

K. pneumoniae subspecies sp. | 99 (13.0%)

Pseudomonas aeruginosa 70 (9.2%)

Infection and Drug Resistance 2026:19 heeps: 7



Alharbi et al

Most Common Species Isolated (Table 4)
At the species level, Escherichia coli was the single most frequently isolated pathogen, comprising 26.3% of all isolates.
It was followed by:

e Klebsiella pneumoniae subspecies (13.0%)
® Pseudomonas aeruginosa (9.2%)

Together, these organisms formed a substantial portion of the microbiological burden in sterile body fluids. Other
relevant pathogens included Staphylococcus aureus, E. faecalis, E. faecium, and various Candida species.

Prevalence of Major Resistance Phenotypes (Table 5).

Enterobacterales

Among the 381 Enterobacterales isolates:

e 24.1% were ESBL producers
e 5.5% were carbapenem-resistant Enterobacterales (CRE)

These findings reflect significant B-lactam resistance within this group. Annual CRE rates are illustrated in Figure 1.
ESBL trends over time are shown in Figure 2.

Staphylococcus Species

Among 68 Staphylococcus isolates:

e 23.5% were MRSA
e 44.1% MSSA
e 23.5% coagulase-negative staphylococci

Enterococcus Species
Among 94 Enterococcus isolates:

e E. faecalis accounted for 55.3%
e E. faecium for 40.4%
e Other species were uncommon

Table 5 Prevalence of Species Subgroups Among
Enterobacterales, Staphylococcus, and Enterococcus Isolates

Organisms Group | Organisms’ Subgroup | N (%)
Enterobacterales | ESBL 92 (24.1%)
N =381

CRE 21 (5.5%)
Staphylococcus MRSA 16 (23.5%)
N =68

MSSA 36 (44.1%)

CoNS 16 (23.5%)
Enterococcus Enterococcus faecalis 52 (55.3%)
N =94

Enterococcus faecium 38 (40.4%)

Enterococcus species 4 (4.3%)

Abbreviations: ESBL, extended-spectrum beta-lactamase; CRE, carbapenem-
resistant Enterobacterales; MSSA, methicillin-susceptible S. aureus; MRSA, methi-
cillin-resistant Staphylococcus aureus; CoNS, coagulase-negative staphylococci.
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CRE non-susceptibility Trend
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Figure | CRE non-susceptibility Trend.

ESBL non-susceptibility Trend
100.0%
90.0%
80.0%
70.0%
60.0%
50.0%

40.0%

Non-susceptibility %

30.0%
20.0%
10.0%

0.0%
2016 2017 2018 2019 2020 2021 2022 2023 2024

Years

e Ceftriaxone

Figure 2 ESBL non-susceptibility Trend.

Non-fermenters

Seven isolates of carbapenem-resistant Acinetobacter baumannii (CRAB) were identified, representing a clinically
important multidrug-resistant subgroup.

Distribution Across Body Fluid Types (Table 6)

Because only one pericardial fluid isolate was recovered, this category was excluded from all statistical comparisons and
is presented descriptively only. Peritoneal fluid accounted for the majority of isolates (83.7%), reflecting the high clinical
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Table 6 Distribution of Gram-Negative and Gram-Positive Bacteria by
Sterile Body Fluid Type (n = 682)
Characteristic | Total Bacteria Gram Gram P-value
Samples Negative Positive
n =682 n=510 n=172
Body fluid
Peritoneal 571 (83.7%) 435 (76.2%) | 136 (23.8%) | 0.040*
Pleural 110 (16.1%) 75 (68.2%) 35 (31.8%)
Pericardial 1 (0.1%) 0 (0.0%) | (100.0%)

Note: *Fisher exact test.

frequency of intra-abdominal infections. Pleural fluid contributed 16.1% of isolates, while only one organism was
recovered from pericardial fluid.
The proportion of Gram-negative bacteria varied significantly by body fluid type:

e Peritoneal fluid: 76.2% Gram-negative
e Pleural fluid: 68.2% Gram-negative
e Pericardial fluid: One Gram-positive isolate

The difference in Gram distribution between fluid types was statistically significant (p=0.040). However, due to the
singular isolate in the pericardial group (n=1), this significance is driven primarily by the comparison between peritoneal
and pleural fluids.

Antimicrobial Susceptibility Patterns

Gram-Negative Bacteria

Fermenting Gram-negative organisms demonstrated high resistance to amoxicillin—clavulanate and third-generation
cephalosporins. Non-fermenters—particularly P. aeruginosa and A. baumannii—exhibited markedly higher non-
susceptibility rates to carbapenems, aminoglycosides, and fluoroquinolones compared with fermenters. Non-
susceptibility patterns among fermenters and non-fermenters are detailed in Table 7.

Gram-Positive Bacteria
MRSA isolates remained fully susceptible to vancomycin, linezolid, and daptomycin. Enterococcus species showed
predictable patterns:

e Variable susceptibility to ampicillin
e High susceptibility to vancomycin and linezolid
e No vancomycin-resistant Enterococcus (VRE) detected

Susceptibility profiles for Gram-positive organisms are shown in Table 8. This Gram distribution remained broadly
consistent across the study period. Differences between Gram-negative and Gram-positive organisms were consistent
across fluid types and clinical settings, with Gram-negative isolates predominating overall, as presented in Table 9.

Yeasts

Yeast isolates retained high susceptibility to azoles and echinocandins, with >95% susceptibility to micafungin and
caspofungin. No multidrug-resistant yeast phenotypes were identified. Antifungal susceptibility results for yeasts are
summarized in Table 10. The proportion of intermediate results within non-susceptible isolates is detailed in Table 11.

Infection and Drug Resistance 2026:19
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Table 7 Non-Susceptibility Rates Between Gram Negative Species for Antibiotics Specific for Gram

Negatives
Antibiotic Total Samples Gram Negative P-value
A Fermenter Fermenter
n=510 n=129 n = 381
Amikacin 50 (11.1%) 20 (22.0%) 30 (8.4%) 0.001*
Amoxicillin-Clavulanic Acid 38 (29.9%) 0 (0.0%) 38 (30.2%) 1.000*
Ceftriaxone 134 (43.1%) 7 (70.0%) 127 (42.2%) 0.107%
Ceftazidime 159 (36.7%) 43 (39.4%) 116 (35.8%) 0.493*
Cefepime 126 (29.4%) 35 (35.0%) 91 (27.7%) 0.169°
Ciprofloxacin 169 (40.0%) 43 (42.2%) 126 (39.3%) 0.643"
Colistin 36 (32.1%) 15 (16.9%) 21 (91.3%) <0.001%
Gentamicin 90 (21.4%) 34 (32.1%) 56 (17.8%) 0.003*
Ertapenem 4 (7.7%) 0 (0.0%) 4 (7.8%) 1.000*
Imipenem 86 (21.3%) 48 (46.6%) 38 (12.7%) <0.001*
Meropenem 66 (16.4%) 41 (42.7%) 25 (8.2%) <0.001*
Piperacillin-Tazobactam 22 (15.7%) 5 (19.2%) 17 (14.9%) 0.560°
Tobramycin 21 (23.1%) 19 (26.4%) 2 (10.5%) 0.222*

Notes: *Fisher’s exact test; non-susceptibility includes (intermediate and non-susceptible). The discrepancy between the number
of isolates and total susceptibility results reflects that multiple antimicrobial agents were tested per isolate.

Table 8 Non-Susceptibility Rates Between Gram Positive Species to Antibiotics Specific for

Gram Positives

Antibiotic Total Gram Positive P-value
Samples Enterococcus | Staphylococcus | Streptococcus
n=172 n =94 n =68 n=10
Clindamycin | 26 (34.2%) 7 (100.0%) 17 (26.2%) 2 (50.0%) <0.001*
Moxifloxacin | 32 (43.2%) Il (64.7%) 21 (38.2%) 0 (0.0%) 0.070*
Oxacillin® 27 (42.2%) - 27 (42.2%) - -
Tetracycline | 56 (47.9%) 51 (71.8%) 4 (8.9%) I (100.0%) <0.001*
Vancomycin | 8 (7.3%) 7 (10.4%) | (2.4%) 0 (0.0%) 0.211°

Notes: “Fisher exact test; “oxacillin is used for Staphylococcus organisms only; non-susceptibility include (intermediate and

non-susceptible).

Temporal Trends in Antimicrobial Non-Susceptibility (Table 12)

Regression analysis revealed significant year-over-year reductions in non-susceptibility for several key antibiotics:

Gentamicin: significant annual decline
Ceftazidime: significant annual decline
Cefepime: significant annual decline
Meropenem: significant annual decline
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Table 9 Non-Susceptibility Rates Between Gram Negative and Gram Positive for Shared Antibiotics

Antibiotic Total Samples | Organism Category P-value
Gram Negative | Gram Positive
n = 682 n=510 n=172
Ampicillin 261 (67.6%) 239 (81.6%) 22 (23.7%) <0.001*
Levofloxacin 104 (40.0%) 37 31.1%) 67 (47.5%) 0.008*
Sulfamethoxazole-Trimethoprim | 4| (69.5%) 37 (94.9%) 4 (20.0%) <0.001*

Note: *Fisher’s exact test; non-susceptibility includes (intermediate and non-susceptible).

Table 10 Prevalence of Susceptibility and Non-

Susceptibility Rates in Yeast to Antifungal Specific

for Yeast
Antibiotic Susceptible | Non
Susceptible

Flucytosine 42 (95.5%) 2 (4.5%)
Caspofungin | 65 (86.7%) 10 (13.3%)
Fluconazole | 64 (95.5%) 3 (4.5%)
Micafungin 75 (100.0%) | 0 (0.0%)
Voriconazole | 74 (98.7%) 1 (1.3%)

Table 11 Frequencies of Intermediate Cases Inside Non-Susceptibility

Antibiotic Intermediate (%) from | Total Non-Susceptibility
Non-Susceptibility N (%)
Flucytosine 0 (0.0%) 2 (4.5%)
Caspofungin 5 (50.0%) 10 (13.3%)
Fluconazole 0 (0.0%) 3 (4.5%)
Micafungin 0 (0.0%) 0 (0.0%)
Voriconazole 1 (100.0%) I (1.3%)
Amikacin 7 (14.0%) 50 (11.1%)
Amoxicillin-Clavulanic Acid 7 (18.4%) 38 (29.9%)
Ceftriaxone 2 (1.5%) 134 (43.1%)
Ceftazidime 8 (5.0%) 159 (36.7%)
Cefepime 4 (3.2%) 126 (29.4%)
Ciprofloxacin 2 (1.2%) 169 (40.0%)
Colistin 15 (41.7%) 36 (32.1%)
Gentamicin 8 (8.9%) 90 (21.4%)
Ertapenem 0 (0.0%) 4 (7.7%)

(Continued)
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Table 11 (Continued).

Antibiotic Intermediate (%) from | Total Non-Susceptibility
Non-Susceptibility N (%)
Imipenem 14 (16.3%) 86 (21.3%)
Meropenem 4 (6.1%) 66 (16.4%)
Piperacillin-Tazobactam 2 (9.1%) 22 (15.7%)
Tobramycin 0 (0.0%) 21 (23.1%)
Clindamycin 0 (0.0%) 26 (34.2%)
Moxifloxacin 5 (15.6%) 32 (43.2%)
Oxacillin® 0 (0.0%) 27 (42.2%)
Tetracycline 0 (0.0%) 56 (47.9%)
Vancomycin 1 (12.5%) 8 (7.3%)
Ampicillin 2 (0.8%) 261 (67.6%)
Levofloxacin 6 (5.8%) 104 (40.0%)
Sulfamethoxazole-Trimethoprim | 0 (0.0%) 41 (69.5%)

Table 12 Logistic Regression Models for Antibiotics Non-Susceptibility Trends for Gram Negative Species

Antibiotic® B (Coefficient) | SE Wald df | p-value | Exp(B) 95% CI for
e (OR) Exp(B)
Amikacin —0.054 0.054 | 0.992 I | 0319 0.947 0.851-1.054
Amoxicillin-Clavulanic Acid —0.152 0.243 | 0.395 I | 0530 0.859 0.534-1.381
Ceftriaxone 0.077 0.042 | 3.398 I | 0.065 1.080 0.995-1.173
Ceftazidime —0.086 0.037 | 5.392 I | 0.020 0917 0.853-0.987
Cefepime -0.120 0.040 | 9.085 | | 0.003 0.887 0.821-0.959
Ciprofloxacin —0.069 0.037 | 3416 I | 0.065 0.934 0.868-1.004
Colistin 0.131 0.081 | 2.639 I | 0.104 1.140 0.973-1.336
Gentamicin —0.154 0.046 | 11.096 | | | 0.001 0.857 0.783-0.939
Ertapenem —0.013 0.236 | 0.003 I | 0.955 0.987 0.621-1.568
Imipenem —0.066 0.046 | 2.095 | | 0.148 0.936 0.856—1.024
Meropenem —0.106 0.051 | 4.269 | 0.039 0.900 0.814-0.995
Piperacillin-Tazobactam —0.004 0.290 | 0.000 I | 0.990 0.996 0.564-1.759
Tobramycin —0.175 0.103 | 2.853 I | 0.091 0.840 0.686—1.028

Note: *Year is entered as predictor variable for each antibiotic.

These findings indicate progressive improvement in susceptibility patterns across the study period, particularly among

Gram-negative organisms. These findings should be interpreted as descriptive temporal trends, as regression analyses

were unadjusted for potential confounders.

Non-significant trends were observed for ciprofloxacin, imipenem, tobramycin, ertapenem, and colistin.
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Table 13 Logistic Regression Models for Antibiotics Non-Susceptibility Trends for Gram
Positive Species

Antibiotic® B (Coefficient) | SE Wald | df | p-value | Exp(B) 95% CI for
s (OR) Exp(B)
Clindamycin | —0.18I 0.090 | 4.066 | | 0.044 0.834 0.699-0.995
Moxifloxacin | 0.079 0.081 | 0.946 I | 0331 1.082 0.923-1.269
Oxacillin® —0.151 0.098 | 2.392 I | 0.122 0.860 0.710-1.041
Tetracycline | —0.122 0.073 | 2.803 | | 0.094 0.885 0.767-1.021
Vancomycin | —0.016 0.140 | 0.013 I | 0910 0.984 0.748-1.296

Note: *Year is entered as predictor variable for each antibiotic.

Table 14 Logistic Regression Models for Antibiotics Non-Susceptibility Trends for Gram Negative and Positive
Species Together

Antibiotic® B (Coefficient) | SE Wald | df | p-value | Exp(B) | 95% CI for
© (OR) | Exp(B)
Ampicillin —0.071 0.043 | 2.746 I | 0.097 0.932 0.857-1.013
Levofloxacin —0.081 0.049 | 2.671 I | 0.102 0.922 0.837-1.016
Sulfamethoxazole-Trimethoprim 0.128 0.274 | 0.218 | 0.640 1.137 0.664—1.945

Note: *Year is entered as predictor variable for each antibiotic.

Some regression coefficients (eg, cefepime OR 0.003, meropenem OR 0.039) likely reflect sparse yearly resistance
counts or outlier years rather than dramatic biological shifts. These values should therefore be interpreted cautiously.
Table 13 illustrates the logistic regression models for antibiotics non-susceptibility trends for gram positive species.
Table 14 illustrates the logistic regression models for antibiotics non-susceptibility trends for gram negative and positive
species together.

Summary of Principal Findings
e Gram-negative bacteria dominated sterile body fluid cultures (74.8%).
e F. coli, K. pneumoniae, and P. aeruginosa were the most common pathogens.
High ESBL prevalence (24.1%) and moderate CRE prevalence (5.5%) were observed among Enterobacterales.

MRSA accounted for nearly one-quarter of Staphylococcus isolates.

Significant reductions in non-susceptibility were detected for gentamicin, ceftazidime, cefepime, and meropenem.

Yeasts remained highly susceptible to available antifungal agents.

Interpretation of resistance patterns among low-frequency groups—including Streptococcus spp. (n=10), CRAB, and
pericardial isolates—should be considered descriptive due to limited statistical power. We propose replacing line graphs
with annual proportion bar charts with 95% confidence intervals to facilitate interpretation of variability and precision in
yearly resistance estimates.

Comprehensive antimicrobial susceptibility profiles are detailed in Tables 7—11. Additional stratified analyses and
extended antimicrobial resistance comparisons are presented in Tables 13 and 14.

Discussion
This nine-year analysis provides one of the most detailed evaluations of pathogens isolated from sterile body fluids in
a tertiary-care setting in Saudi Arabia. The dominance of Gram-negative organisms—particularly Escherichia coli,
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Klebsiella pneumoniae, and Pseudomonas aeruginosa—aligns with established epidemiological patterns for intra-
abdominal and pleural infections.' ™ These organisms are well-recognized as the leading causes of secondary peritonitis,
abdominal sepsis, and hospital-associated pleural infections due to gastrointestinal translocation, postoperative contam-
ination, and severe pneumonia.'™*

The stronger dominance of Gram-negatives in peritoneal fluid is consistent with classical secondary peritonitis,
whereas pleural infections more frequently involve Gram-positive organisms due to their association with post-
pneumonic empyema.*” It is critical to interpret the Gram-negative dominance (74.8%) within the context of study
methodology. As anaerobic culture was not routine, strict anaerobes (eg, Bacteroides spp., Fusobacterium spp).—which
are key pathogens in secondary peritonitis and mature empyema—are under-represented. Consequently, our data likely
overestimates the relative proportion of aerobic Gram-negative bacilli compared to true polymicrobial burden.

Furthermore, the relatively high proportion of Gram-negative isolates in pleural fluid differs from many Western CA-
empyema cohorts, where Streptococcus species predominate. This pattern is more consistent with hospital-acquired or
postoperative empyema, suggesting our pleural dataset may include a higher proportion of HA infections.*?%%!

Importantly, peritoneal fluid in our dataset encompassed a heterogeneous case-mix, including spontaneous bacterial
peritonitis (SBP), secondary peritonitis, and peritoneal dialysis (PD)-associated peritonitis. These clinical entities differ
substantially in microbial etiology—SBP is typically monomicrobial and Enterobacterales-predominant, secondary
peritonitis is frequently polymicrobial and anaerobe-rich,”” and PD peritonitis more commonly involves skin flora
such as coagulase-negative Staphylococci and Enterococcus. Because specimen referral pathways did not systematically
distinguish these categories, the resulting pathogen distribution likely over-represents SBP and under-represents poly-
microbial postoperative infections. Consequently, the Gram-negative predominance observed in the study reflects aerobic
isolates and may not represent the full spectrum of secondary peritonitis.

However, because SBP, secondary peritonitis, and PD-associated peritonitis could not be reliably separated, the
observed organism distribution likely over-represents monomicrobial SBP and under-represents polymicrobial surgical
peritonitis. Consequently, the Gram-negative predominance observed in the study reflects aerobic isolates and may not
represent the full spectrum of secondary peritonitis, in which anaerobes comprise a major component.

The high proportion of ESBL-producing Enterobacterales (24%) and notable CRE prevalence (5.5%) reflect patterns
reported in Saudi Arabia and the Gulf Cooperation Council (GCC), where ESBL prevalence commonly exceeds 20-30%
and CRE incidence continues to rise.”® These phenotypes pose major therapeutic challenges, often requiring carbape-
nems, ceftazidime—avibactam, or colistin, and are associated with increased mortality and longer hospital stays.”'® The
predominance of E. coli and K. pneumoniae among resistant Enterobacterales reflects global resistance trends.’

Non-fermenting Gram-negative organisms demonstrated markedly higher resistance than fermenters, with
A. baumannii showing carbapenem resistance. CRAB is recognized internationally as a critical priority pathogen due
to its limited treatment options, high attributable mortality, and persistence in hospital environments.'®!” Tts recovery
from sterile body fluids underscores the severity of illness in affected patients and highlights the importance of infection
prevention and control (IPC) measures.

Enterococcus species accounted for a substantial proportion of Gram-positive isolates. This is consistent with their
frequent involvement in postoperative and healthcare-associated intra-abdominal infections, particularly among immu-
nocompromised or surgical patients.'' The absence of vancomycin-resistant Enterococcus (VRE) aligns with several
regional studies reporting low VRE prevalence in Saudi Arabia despite increasing global rates.'> MRSA represented
nearly a quarter of Staphylococcus aureus isolates, a pattern similar to regional pleural and soft-tissue infection studies.'*
Importantly, all MRSA isolates remained susceptible to vancomycin, linezolid, and daptomycin.

Yeast isolates, although fewer than bacterial isolates, displayed high susceptibility to azoles and echinocandins. This is
consistent with global surveillance programs such as SENTRY and ARTEMIS, which report high susceptibility among
Candida albicans and variable susceptibility among non-albicans species.'*"'* No multidrug-resistant yeast phenotypes such
as Candida auris were identified, though this organism has emerged in the Middle East and warrants continued surveillance.'”

A key finding of this study was the significant decline in non-susceptibility to gentamicin, ceftazidime, cefepime, and
meropenem. Although caution is warranted—given the possibility of confounding from case mix variation, diagnostic
evolution, or shifting test platforms—several published studies have shown improved susceptibility patterns following
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antimicrobial stewardship (AMS) and IPC interventions.”> >* While our dataset cannot attribute causation, these trends
are encouraging and may reflect broader institutional AMS efforts. However, non-stewardship drivers must also be
considered; these include shifts in patient case-mix (eg, post-COVID-19 admission patterns) and potential fluctuations in
the ratio of community-acquired versus hospital-acquired infections presenting to the emergency department.

Additionally, because antibiotic consumption data, stewardship implementation dates, and infection prevention
interventions were not available for correlation, attributing resistance declines to AMS or IPC measures remains
speculative. Alternative explanations—such as shifts in patient demographics, post-COVID changes in case mix, or
a higher proportion of community-acquired infections—may also contribute.

The low recovery of Streptococcus species, particularly S. pneumoniae, from pleural fluid may reflect vaccination
impact, improved pneumonia management, or under-representation of early-stage parapneumonic effusions; later-stage
empyema typically yields mixed flora including anaerobes, which were not uniformly cultured.>> The high prevalence of
Enterococcus species in peritoneal isolates may relate to underlying surgical, oncologic, or immunosuppressed popula-
tions. The near absence of pericardial isolates is expected given the rarity of purulent pericarditis.

Collectively, this study provides a comprehensive long-term overview of sterile body fluid microbiology and
resistance patterns, filling an important gap in regional infectious disease surveillance and offering actionable insights
to guide empiric therapy and stewardship strategies.

The primary contribution of this study lies in its long-term surveillance perspective, providing institution-specific
resistance trends to support empiric therapy decisions.

Limitations
This study has several limitations. The absence of routine anaerobic culture represents a key limitation, particularly for
intra-abdominal and pleural infections where anaerobic organisms are clinically significant. Consequently, the observed
predominance of Gram-negative organisms reflects aerobic isolates only and may underestimate the true polymicrobial
burden. Others are:

1. As a retrospective isolate-based study, it lacked detailed clinical data such as patient demographics, comorbidities,
hospitalization status, prior antimicrobial exposure, and clinical outcomes, all of which may influence organism
distribution and resistance patterns.

2. The inability to stratify peritoneal fluid by infection source is a significant limitation. The aggregation of Spontaneous
Bacterial Peritonitis (typically monomicrobial, Enterobacterales-dominant) with Secondary Peritonitis (polymicrobial)
and Peritoneal Dialysis peritonitis (often Staphylococcus or skin-flora associated) obscures specific risk profiles. Future
prospective surveillance must distinguish these clinical entities to improve granular utility.

3. CLSI breakpoint modifications over the nine-year period represent a substantial limitation for resistance trend
interpretation. Without harmonized retrospective MIC re-analysis, observed temporal shifts may reflect interpretive
changes rather than true microbiological evolution.'

4. Certain organism groups—such as Streptococcus spp., CRAB, and pericardial isolates—had small sample sizes,
limiting precision. Subgroup analyses involving organisms with low counts (eg, Streptococcus spp., CRAB,
pericardial isolates) lack statistical power, limiting reliability of associated p-values.

5. This is a single-center study, which may limit generalizability to other hospitals with different patient populations
or AMR epidemiology.

6. Fungal species identification beyond Candida spp. was limited, preventing deeper characterization of non-albicans
epidemiology.

7. Anaerobic cultures were not routinely performed, limiting this analysis to aerobic and facultative organisms and
preventing full characterization of the pathogen spectrum in secondary peritonitis or advanced empyema.

8. Because peritoneal dialysis—associated peritonitis could not be reliably distinguished from other peritoneal infections,
organism distribution and resistance patterns among peritoneal isolates may partially reflect PD-associated pathogens.

9. Finally, clinical outcomes (eg, mortality, length of stay, need for drainage procedures) were not available,
preventing correlation between AMR patterns and clinical impact.

16 https: Infection and Drug Resistance 2026:19



Alharbi et al

Future Directions

Future studies should incorporate multi-center datasets to strengthen representativeness, integrate clinical variables to
correlate AMR with outcomes, and include routine anaerobic culture and fungal speciation for greater microbiological
accuracy. Routine molecular AMR surveillance (eg, ESBL and Carbapenemase gene typing) would clarify resistance
evolution over time.

Molecular characterization of resistance mechanisms—particularly ESBL and carbapenemase genes—would clarify
the drivers of resistance phenotypes. Linking microbiological trends to antibiotic consumption data, surgical practices,
and stewardship interventions would enhance causal inference.

These findings should be interpreted within the context of the study’s aerobic scope, peritoneal source heterogeneity,
selective anaerobic culture, and breakpoint evolution across the study period.

Finally, development of sterile-body-fluid—specific institutional and regional antibiograms would support more
accurate empiric therapy.

Conclusion

This nine-year review provides one of the most comprehensive aerobic microbiological profiles of sterile body fluid
infections from a tertiary-care center in Saudi Arabia. Gram-negative organisms predominated across peritoneal and
pleural samples, with substantial ESBL and carbapenem resistance burdens that reflect regional and global AMR trends.
Although encouraging reductions in non-susceptibility were observed for several key antibiotics—including gentamicin,
ceftazidime, cefepime, and meropenem—these trends should be interpreted cautiously given breakpoint evolution, source
heterogeneity among peritoneal fluids, and the limited inclusion of anaerobic organisms.

Despite these limitations, the dataset offers important insights into local pathogen distribution and resistance
evolution. It demonstrates the necessity of sterile-fluid—specific antibiograms and highlights institutional progress toward
improved antimicrobial governance. Sustained and standardized surveillance, improved specimen stratification, and
broadened anaerobic diagnostics are essential to refining empirical therapy and reducing diagnostic uncertainty.
Ultimately, these findings underscore the need for coordinated stewardship, infection prevention, and laboratory capacity-
building efforts to mitigate the evolving threat of AMR in high-risk clinical settings.

Recommendations

1. Develop sterile body fluid—specific antibiograms: Empiric therapy for peritonitis and empyema should be guided
by compartment-specific resistance patterns rather than general hospital antibiograms.

2. Routinely distinguish peritoneal infection subtypes: Laboratory and clinical workflows should ensure clear label-
ling of SBP, secondary peritonitis, and PD-associated peritonitis to enable meaningful AMR interpretation.

3. Implement routine anaerobic cultures: Secondary peritonitis and late-stage empyema cannot be accurately char-
acterized without systematic anaerobic culture, which should be integrated into standard protocols.

4. Future AMR trend analyses should store MIC values to allow retrospective reinterpretation and reduce bias from
evolving breakpoints.

5. Expand surveillance to multi-center networks: A regional sterile body fluid AMR surveillance platform would
provide more robust epidemiology and support national antimicrobial guidelines.

6. Integrate molecular diagnostics: Carbapenemase and ESBL gene detection would enable more precise tracking of
resistance mechanisms and outbreak detection.

7. Strengthen antimicrobial stewardship and IPC synergy: Targeted interventions should address high-risk areas such
as surgical units, ICUs, and PD programs, where AMR burden is greatest.

8. Upgrade data reporting and visualization: Adoption of annual bar charts with confidence intervals will improve
transparency and interpretability of AMR trends.

These findings should be interpreted within the context of the study’s aerobic scope, peritoneal source heterogeneity,
selective anaerobic culture, and breakpoint evolution across the study period.
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