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Background: Effective antibiotic management is crucial for ICU patients with pulmonary infections. However, guidelines are unclear
whether the optimal strategy is multiple cultures on the infection onset day or a single daily culture to guide antibiotic therapy.
Methods: This study involved 362 ICU patients with confirmed pulmonary infections, categorized into a “multiple-daily” group (=2
cultures within 24 hours) and a “once-daily” group (1 culture per 24 hours). Propensity score matching was used to balance baseline
characteristics. Primary outcome was antibiotic adjustment rate. Secondary outcomes included mechanical ventilation duration, ICU
and total hospital length of stay, hospitalization costs, and mortality.

Results: The multiple-daily group had more frequent antibiotic adjustments both before and after matching (76.88% vs 67.33%, p =
0.048 pre-matching; p = 0.076 post-matching). The once-daily group experienced significantly shorter durations of mechanical
ventilation (pre: 119.50 vs 159.50 hours; post: 116.00 vs 156.00 hours; both p < 0.001), ICU stay (pre: 10.00 vs 13.00 days; post:
9.00 vs 13.00 days; both p < 0.001), and lower hospitalization costs (pre: 138,150 vs 167,910 CNY, p = 0.011; post: 136,870 vs
167,780 CNY, p = 0.004). The hospital stay was also shorter in the once-daily group, with similar mortality rates between groups.
Common multidrug-resistant pathogens included CRAB (32.52%), MRSA (24.39%), ESBL (18.70%), CRPA (15.45%), and CRE
(12.00%). The multiple-daily group had higher detection rates of CRAB (38.46% vs 25.86%, p=0.050) and MRSA (30.77% vs
17.24%, p=0.048), with more frequent antibiotic adjustments, especially in multidrug-resistant cases (87.69% vs 70.69%, p=0.019).
Conclusion: In ICU patients with pulmonary infections, multiple-daily sputum cultures lead to more frequent antibiotic adjustments
and better detection of multidrug-resistant pathogens. However, a once-daily culture strategy is associated with reduced healthcare
resource utilization and comparable mortality. Further randomized trials are needed to determine the optimal sputum culture frequency
in the ICU setting.

Trial Registration: This study was registered with the Chinese Clinical Trial Registry under the registration number
ChiCTR2400091085.
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Introduction
Pulmonary infections are a leading cause of ICU mortality, causing 20% of deaths." In intensive care unit (ICU) patients,
these infections often escalate to severe respiratory failure and sepsis (68.2%), significantly increasing morbidity,
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mortality, and healthcare costs.”> * ICU patients are especially susceptible to infections due to complex health conditions
and frequent immunosuppression,” impacting both short-term prognosis and long-term quality of life.*” The presence of
multidrug-resistant (MDR) bacteria, coupled with the need for personalized treatment, makes infection management in
ICU challenging, prolonging hospital stays and increasing healthcare resource demands.®’ Rapid, accurate pathogen
detection is thus essential for effective antibiotic stewardship and improving outcomes.

Within the spectrum of pulmonary infections affecting patients in the ICU, ICU-acquired pneumonia, particularly
ventilator-associated pneumonia, presents a distinct diagnostic challenge due to its unique pathophysiology.'® The
primary difficulty stems from a triad of mechanisms: endotracheal intubation disrupts airway defenses, critical illness
induces immune dysfunction, and the combination of broad-spectrum antibiotics with the ICU environment fosters
colonization by multidrug-resistant organisms.'® This situation complicates the differentiation between colonization and
true infection in respiratory specimens, thereby undermining the reliability of single, static sputum cultures for guiding
antimicrobial therapy. Consequently, although sputum cultures remain a fundamental diagnostic tool in the management
of pulmonary infections in the ICU—providing pathogen detection comparable to next-generation sequencing (NGS)''
and aligning well with bronchoalveolar lavage fluid for targeted treatment—they are inherently constrained by these
pathophysiological factors.'? Nonetheless, timely culturing can aid in preventing misdiagnosis, optimizing antibiotic use,
reducing the overuse of broad-spectrum antibiotics, and mitigating the risk of MDR bacteria infections.'?

Despite its significance, there is a notable absence of definitive guidelines regarding the optimal frequency of sputum
cultures in ICU settings. This ambiguity arises from a clinical conundrum. On one hand, conducting a single daily culture
is efficient and conserves resources. On the other hand, various clinical imperatives may compel clinicians to procure
multiple cultures within a brief period.'*'> These imperatives include: (1) enhancing diagnostic yield and confirming
pathogen persistence when initial empiric therapy proves ineffective, as a solitary negative culture does not definitively
exclude infection in a patient;'® (2) distinguishing true infection from airway colonization or contamination by assessing
the consistency of pathogen recovery across multiple samples;'’ (3) identifying the emergence of new or resistant
pathogens during treatment, which is crucial for the timely adjustment of antibiotic regimens in patients whose conditions
are deteriorating;'® and (4) obtaining sufficient specimens for complex microbiological analyses when initial samples are
inadequate.'® Determining the ideal culture frequency is critical to balancing diagnostic accuracy, resource allocation,
and patient outcomes in ICU pulmonary infection management.

Current ATS and IDSA guidelines only recommend repeated cultures for the Mycobacterium avium complex (MAC)
in case of recurring symptoms,’*' leaving a gap in evidence for routine infections. This study aims to bridge the gap by
directly comparing the effects of single versus multiple sputum cultures on antibiotic management, ICU and hospital stay,
ventilation duration, mortality, and healthcare costs. Our findings offer evidence-based insights to refine antibiotic
strategies, optimize resource use, and ultimately improve outcomes for ICU patients with pulmonary infections.

Methods

Study Population and Setting

We included consecutive adult patients admitted to the surgical ICU at the Second Affiliated Hospital of Anhui Medical
University between January 1, 2022 and December 31, 2023. This ICU provides comprehensive monitoring and
treatment, including vital signs monitoring (such as electrocardiogram, oxygen saturation, blood pressure, respiratory
rate, and body temperature), invasive monitoring (such as arterial blood pressure, central venous pressure, and hourly
urine output), and mechanical ventilation support. The patient population included individuals from internal medicine,
emergency surgery, general surgery, neurosurgery, cardiovascular surgery, and trauma.

This study was conducted in accordance with the Declaration of Helsinki and approved by the Ethics Committee of
the Second Affiliated Hospital of Anhui Medical University (Approval No. YX2024-158). The study was registered with
the Chinese Clinical Trial Registry (Registration No. ChiCTR2400091085). Written informed consent was obtained from
all participants or their legal representatives.
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Study Design and Data Source

This was a retrospective cohort study conducted using data extracted from the hospital’s electronic medical records and
laboratory information system. All clinical and microbiological data were generated during the routine care of patients.
Consequently, while sputum cultures were processed according to standard laboratory protocols, the decision to send
a specimen for culture and the prior assessment of sputum quality (eg, via Gram stain) were at the discretion of the
treating clinical team, reflecting real-world practice rather than a prospective research protocol.

Patient Selection

In the laboratory management system at the Second Affiliated Hospital of Anhui Medical University, all eligible sputum
cultures with etiological results were recorded by laboratory physicians. Two independent reviewers examined these
records to ensure that they met the criteria for positive sputum culture results, resolving any discrepancies through
discussion. Information such as the patient’s name, number of admissions, number of sputum cultures, and etiological
findings was extracted. Two ICU staff members subsequently screened and verified this information using the hospital’s
patient management system, recording the number of sputum cultures collected when pulmonary infection or its
exacerbation was suspected. The inclusion criteria encompassed the following: fulfillment of the diagnostic criteria for

2223 positive

either community-acquired or hospital-acquired pneumonia (including ventilator-associated pneumonia),
sputum culture results, necessity for invasive mechanical ventilation, and an age threshold of 18 years or older. The
exclusion criteria comprised cases with incomplete or missing essential information in medical records, unauthorized
cases or those not conforming to ethical review standards, and patients with multiple admissions during the study period;

only the initial ICU admission was considered for analysis, with any subsequent admissions being excluded.

Exposure

This retrospective cohort study was conducted on ICU patients with microbiologically confirmed pulmonary infections at
the Second Affiliated Hospital of Anhui Medical University. Eligible sputum cultures with etiological results were
documented in the laboratory management system by laboratory physicians, with two independent reviewers verifying
each record for positive culture criteria and resolving any discrepancies through discussion. The extracted information
included patient identifiers, admission details, sputum culture frequency, and etiological findings. The ICU staff further
validated these data using the hospital’s patient management system, recording the number of sputum cultures performed
when a pulmonary infection or its exacerbation was suspected. Patients were divided based on sputum culture frequency
before antibiotic initiation or adjustment: the “once-daily” group included patients with one culture collected within a 24-
hour period under clinical suspicion of new or worsening infection, either as a single instance or repeated over several
days; the “multiple-daily” group included patients with at least two cultures taken within the same 24-hour period at
intervals exceeding 8 hours, not both cultures necessarily having to be positive. Sputum samples obtained through
endotracheal or tracheostomy tubes were processed for microbiological analysis. Samples were inoculated onto solid
culture media: Columbia blood agar for general cultivation, bacterial quantification, and isolation of Staphylococcus
aureus; MacConkey agar for the isolation and preliminary identification of Gram-negative bacilli. Following incubation,
isolated colonies were purified and identified to the species level using matrix-assisted laser desorption/ionization time-of
-flight mass spectrometry. Antibiotic susceptibility testing was performed using the VITEK 2 Compact automated system
(bioMérieux, France). The minimum inhibitory concentration (MIC) method was employed to ascertain the lowest
concentration of the drug required to inhibit bacterial growth.

Baseline Characteristics

Baseline characteristics included age at ICU admission, sex, chronic health score (which includes the presence of severe
organ dysfunction or immunosuppression), surgical status, type of surgery (emergency or elective), Glasgow Coma Scale
(GCS) score, body temperature, mean arterial pressure (MAP), heart rate, respiratory rate, partial pressure of oxygen,
arterial blood pH, serum sodium concentration, serum potassium concentration, serum creatinine, hematocrit, white
blood cell count, and Acute Physiology and Chronic Health Evaluation II (APACHE II) score. The chronic health score
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encompasses severe conditions such as chronic renal failure, chronic liver disease, congestive heart failure, chronic
obstructive pulmonary disease, and any form of immunosuppression, including those caused by chemotherapy, long-term
steroid use, or underlying diseases such as HIV/AIDS.

Endpoints

The primary endpoint was the rate of antibiotic adjustments, defined as switching to a new antibiotic or adding a new one
to the existing regimen based on culture results. Secondary endpoints included the duration of mechanical ventilation,
ICU stay, length of hospital stays, hospitalization costs, and mortality rates. Given the increasing emergence of MDR
pathogens, post-hoc analyses for efficacy endpoints were conducted in patients infected by MDR pathogens. The impact
of sputum culture frequency on antibiotic adjustments was assessed using multivariable logistic regression analysis. In
the pre-matched cohort, the rate of antibiotic adjustments was compared between the single sputum culture group and the
multiple sputum culture group. After propensity score matching, differences between the two groups were further
evaluated. Chi-square tests were used to compare the prevalence of MDR pathogens, including carbapenem-resistant
Acinetobacter baumannii (CRAB), methicillin-resistant Staphylococcus aureus (MRSA), extended-spectrum beta-
lactamase (ESBL), carbapenem-resistant Enterobacteriaceae (CRE), and carbapenem-resistant Pseudomonas aerugi-
nosa (CRPA). In non-MDR patients, antibiotic adjustment rates were also compared between the two groups. A bubble
chart was used to visually display the distribution of MDR pathogens, group allocation, and the frequency of each MDR
acquisition per patient, highlighting the differences in MDR pathogen prevalence and antibiotic utilization patterns
between the groups.

Statistical Analysis

Continuous variables with a normal distribution are expressed as the means + standard deviations (SDs) and were
compared between groups using the independent-samples ¢ test. Continuous variables with a skewed distribution are
presented as the medians (IQRs) and were compared between groups using the Mann—Whitney U-test. Categorical
variables are expressed as counts and percentages, with group differences examined using the Fisher’s exact test or chi-
square test. To explore the relationship between the frequency of sputum culture and pulmonary infection outcomes, we
employed propensity score matching (PSM) using nearest neighbor matching with a caliper size of 0.25. The treatment
and control groups were matched at a 1:1 ratio.”* To assess the effectiveness of PSM in balancing the groups, we
calculated the standardized mean difference (SMD). We utilized multivariate Cox regression to investigate the associa-
tion between the frequency of sputum cultures and in-hospital mortality, with potential confounders selected based on
p-values < 0.05 in univariate analysis and the clinical expertise of our team. Finally, we conducted linear regression
analysis to evaluate the correlation between the frequency of sputum culture and the duration of ICU stay, hospital stay,
and mechanical ventilation. Data processing and analysis were performed using R software (version 4.4.0), with
a p-value of < 0.05 considered the threshold for statistical significance.

Results

From January 1, 2022 to December 31, 2023, a total of 2411 patients were newly admitted to the ICU. Among them, 563
patients had sputum cultures collected due to pulmonary infections or worsening pulmonary conditions. After 168 patients
with negative sputum cultures were excluded, 395 patients had positive sputum culture results. Following the exclusion of
30 patients with a duration of mechanical ventilation of less than 2 days, 2 patients aged under 18 years, and 1 patient with
an ICU stay of less than 2 days, a total of 362 patients were included in the final analysis, as shown in Figure 1.

Demographic Characteristics of Cases

As shown in Table 1, this study included 160 patients in the multiple sputum culture group and 202 patients in the single
sputum culture group (including 170 patients with daily cultures for more than 2 consecutive days). The median age of
patients in the multiple sputum culture group was 59 years (IQR: 50, 69.25), whereas the median age of patients in the single
sputum culture group was 58 years (IQR: 45, 69.75). In the multiple sputum culture group, 113 patients (70.62%) were
male, whereas in the single sputum culture group, 145 patients (71.78%) were male. Additionally, 13 patients (8.12%) in the
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Figure | Flowchart of the included patients.

multiple sputum culture group had a history of severe organ dysfunction or impaired immune function. In the single sputum

culture group, 20 patients (9.90%) had a history of severe organ dysfunction or impaired immune function.

Comparison of Patient Characteristics
To assess differences in disease characteristics and severity affecting prognosis, we compared ICU admission age, sex,

chronic health score, surgical status and type, GCS score, body temperature, vital signs, blood gas levels, electrolyte

concentrations, hematocrit, white blood cell count, and APACHE II score (details provided in Table 1). This study

revealed no significant differences in the indicators. The APACHE II score was 20.00 for the single sputum culture group

and 21.00 for the multiple sputum culture group, suggesting severe illness with an expected 40% mortality rate.

However, the actual mortality rate at our center was 14.64%, which was lower than expected.

Table | Basic Characteristics Between Groups Before PSM

Variables Single Group (n = 202) | Multiple Group (n = 160) | P Value | SMD
Pre-ICU LOS 0.00 (0.00, 2.00) 0.00 (0.00, 1.00) 0.375 0.046
APACHE I 20.00 (16.00, 24.75) 21.00 (17.00, 24.00) 0.391 0.090
Age 58.00 (45.00, 69.75) 59.00 (50.00, 69.25) 0.205 0.172

(Continued)
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Table | (Continued).

Variables Single Group (n = 202) | Multiple Group (n = 160) | P Value | SMD
GCS 8.00 (5.00, 12.75) 8.00 (5.00, 13.00) 0.886 —0.006
Body temperature 37.70 (36.90, 38.38) 37.55 (36.70, 38.40) 0.448 -0.079
MAP 69.00 (59.00, 113.00) 72.50 (61.00, 116.25) 0.118 0.182
Heart rate 95.50 (59.00, 129.00) 113.00 (60.00, 132.00) 0.183 0.187
Respiratory rate 25.00 (16.00, 28.00) 25.00 (16.75, 30.25) 0.225 0.118
PaO,/FiO; ratio 263.75 (204.88, 367.88) 249.17 (190.00, 347.99) 0.290 —0.134
PH 7.40 (7.32, 7.49) 741 (7.31,7.48) 0.459 —0.044
Serum sodium 138.15 (135.00, 142.93) 137.00 (134.00, 141.72) 0.152 —0.141
Serum potassium 3.80 (3.40, 4.40) 3.80 (3.40, 4.41) 0.866 —0.046
Serum creatinine 69.00 (51.00, 124.00) 68.00 (50.00, 110.00) 0.628 —0.166
HCT 0.31 (0.25, 0.35) 0.31 (0.25, 0.38) 0.182 0.128
WBC 13.18 (9.99, 17.60) 13.52 (10.34, 17.83) 0.987 0.081

Diabetes, n (%) 175 (86.63) 132 (82.50) 0.277 -0.109
COPD, n (%) 15 (7.43) 12 (7.50) 0.979 0.003

Hypertension, n (%) 85 (42.08) 65 (40.62) 0.780 —0.030
Heart disease, n (%) 16 (7.92) 12 (7.50) 0.882 —0.016
Renal failure, n (%) 15 (7.43) 10 (6.25) 0.661 —0.049
Gender, male, n (%) 145 (71.78) 113 (70.62) 0.809 —0.025
CHS, n (%) 20 (9.90) 13 (8.12) 0.560 —0.065

Abbreviations: APACHE I, Acute Physiology and Chronic Health Evaluation Il; GCS, Glasgow Coma Scale; MAP, Mean
Arterial Pressure; PaO2, Partial Pressure of Oxygen; PH, Potential of Hydrogen; HCT, Hematocrit; WBC, White Blood Cell
Count; COPD, Chronic Obstructive Pulmonary Disease; CHS, Chronic Health Score.

Impact of Sputum Culture Frequency on Antibiotic Adjustments and MDR Pathogens
The influence of sputum culture frequency on antibiotic adjustments was analyzed using multivariable logistic regression.
In the pre-matched cohort, the single sputum culture group exhibited a lower rate of antibiotic adjustments (67.33%)
compared to the multiple sputum culture group (76.88%, p =0.048), as shown in Table S1, Table 2 and Figure 2, with
a small effect size (¢=0.105). Post-propensity score matching, this trend continued, though the difference was no longer
statistically significant (p =0.076). The multiple culture group showed 1.61-fold higher odds (OR=1.61) and 14% greater
relative risk (RR=1.14) of antibiotic adjustments compared to the single culture group.

Chi-square tests further revealed that the multiple sputum culture group had a significantly higher rate of antibiotic
adjustments (76.88% vs 67.33%, p =0.046), with a more pronounced difference among MDR cases (87.69% vs 70.69%,
p =0.019). MDR pathogens were more prevalent in the multiple group (40.62% vs 28.71%, p =0.017), particularly
CRAB (38.46% vs 25.86%, p =0.050) and MRSA (30.77% vs 17.24%, p =0.048), as detailed in Table 3. Additionally,
chi-square analyses indicated a significant difference in MRSA detection rates between the two groups when considering
the entire study population: the multiple sputum culture group showed a higher detection rate of 12.50% compared to
4.95% in the single sputum culture group (x*=10.53, p=0.0012). This result, which further confirms the presence of
differences in MRSA between the groups. ESBL, CRE, and CRPA also showed higher rates in the multiple group, but
these differences were not statistically significant (ESBL: p =0.100; CRE: p =0.190; CRPA: p =0.140). Among non-
MDR patients, antibiotic adjustment rates did not differ significantly between the groups (65.97% vs 69.47%, p =0.572).
Figure 3, a bubble chart, visually supports these findings by illustrating the distribution of MDR pathogens, group
allocation, and the frequency of each MDR acquisition per patient. This visualization highlights the large reaction of the
same resistant bacteria, further emphasizing the differences in MDR pathogen prevalence and antibiotic utilization
patterns between the groups.
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Table 2 Association Between Sputum Culture Frequency and Clinical Outcomes in Patients with Pulmonary Infection

Single Group Multiple Group P Value OR or Lower 95% CI Upper 95% CI
Pre-matched cohort n=202 n=160
Primary outcome
Antibiotic adjustments, n (%) * 136 (67.33) 123 (76.88) 0.048 1.61 1.01 2.59
Secondary outcome
MV time (h) [median (IQR)] ® (hours) 119.50 (72.25, 204.00) 159.50 (91.75, 353.50) <0.001 119.73 61.77 177.69
In-hospital mortality, n (%) © 25 (12.38) 28 (17.50) 0.607 I.16 0.67 2.00
28-day mortality, n (%) © 19 (9.41) 21 (13.12) 0.513 1.26 0.68 235
Length of ICU stay (d), [median (IQR)] ® 10.00 (6.00, 17.00) 13.00 (8.75, 24.25) <0.001 5.45 2.37 8.52
Length of hospital stay (d), [median (IQR)] ° (days) 24.00 (16.00, 33.75) 28.00 (19.75, 42.00) 0.018 6.41 .14 11.68
Hospitalization Costs (x 10* CNY) [median (IQR)] ® 138.15 (101.09, 197.68) 167.91 (112.92, 276.75) 0.011 46.40 11.05 81.75
Post-matched cohort n=149 n=149
Primary outcome
Antibiotic adjustments, n (%) * 100 (67.11) 114 (76.51) 0.076 1.59 0.95 2.66
Secondary outcome
MV time (h) [median (IQR)] ® 116.00 (68.00, 198.00) 156.00 (91.00, 353.00) <0.001 121.98 55.08 188.88
In-hospital mortality, n (%) © 17 (11.41) 22 (14.77) 0.931 1.03 0.54 1.97
28-day mortality, n (%) © 12 (8.05) 16 (10.74) 0.506 1.29 0.61 2.73
Length of ICU stay (d), [median (IQR)] ® 9.00 (6.00, 16.00) 13.00 (8.00, 24.00) <0.001 5.71 235 9.07
Length of hospital stay (d), [median (IQR)] ° 24.00 (18.00, 33.00) 28.00 (20.00, 42.00) 0.073 5.25 —0.46 10.97
Hospitalization Costs (* 10®> CNY) [median (IQR)] ® 136.87 (102.79, 192.23 167.78 (112.96, 275.94) 0.004 53.54 17.58 89.50

Notes: * Multivariate logistic regression was used to assess the relationship between the frequency of sputum cultures and antibiotic adjustments, adjusting for sputum culture frequency and other confounding variables with a P value <
0.05 in univariate analysis. ° Multivariate linear regression was used to assess the association between the frequency of sputum cultures and total hospital stay, ICU stay, duration of mechanical ventilation, and hospitalization costs,
adjusting for sputum culture frequency and other confounding variables selected based on a P value < 0.05 in univariate analysis. © Multivariate cox regression was used to estimate the impact of sputum culture frequency on mortality

outcomes, adjusting for sputum culture frequency and other confounding variables selected based on a P value < 0.05 in univariate analysis.

Abbreviations: MV, Mechanical Ventilation; IQR, Interquartile Range; ICU, Intensive Care Unit; HR, CNY, Chinese Yuan; OR, Odds Ratio; 3, Beta Coefficient; Cl, Confidence Interval.
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culture group; (p 2 0.05).

Note: These are univariate comparisons; see Table 2 for multivariate analysis.
Abbreviation: ns, not significant.

Sensitivity Analysis: Impact of Considering Only the First Positive Culture
To isolate the effect of the sampling protocol itself from the initial diagnostic yield, a sensitivity analysis was conducted by

considering only the first positive culture for each unique pathogen per patient. This conservative method evaluates MDR

prevalence based solely on initial microbiological findings. When applying this stringent criterion, the prevalence of MDR

Table 3 Comparison of MDR and Antibiotic Adjustments Between Groups

Variable Total Single Group | Multiple Group | P value
No-MDR+MDR n=362 n=202 n=160
Antibiotic adjustments, n (%) | 259 (71.55) | 136 (67.33) 123 (76.88) 0.046
MDR, n (%) 123 (33.98) | 58 (28.71) 65 (40.62) 0.017
CRAB 40 (32.52) 15 (25.86) 25 (38.46) 0.050
MRSA 30 (24.39) 10 (17.24) 20 (30.77) 0.048
ESBL 23 (18.70) | 8 (13.79) 15 (23.08) 0.100
CRE 15 (12.20) | 5(8.62) 10 (15.38) 0.190
CRPA 19 (15.45) | 7 (12.07) 12 (18.46) 0.140
(Continued)

https:

Infection and Drug Resistance 2026:19



Wang et al

Table 3 (Continued).

Variable Total Single Group | Multiple Group | P value
Antibiotic adjustments, n (%) | 98 (79.67) | 41 (70.69) 57 (87.69) 0.019
No-MDR n=239 n=144 n=95

Antibiotic adjustments, n (%) | 161 (67.36) | 95 (65.97) 66 (69.47) 0.572

Abbreviations: MDR, multidrug-resistant; MRSA, Methicillin-resistant Staphylococcus aureus; CRAB, Carbapenem-resistant
Acinetobacter Bahmanii; ESBL, Extended-spectrum f-lactamase; CRE, Carbapenem-resistant Enterobacteriaceae; CRPA,
Carbapenem-resistant Pseudomonas aeruginosa.

pathogens in the multiple sputum culture group decreased substantially from 40.6% (65/160) to 21.3% (34/160). In contrast,
the rate in the single sputum culture group remained unchanged at 28.7% (58/202), as this group had only one culture per
patient by definition. The difference in MDR prevalence between the groups was no longer statistically significant (21.3%
vs 28.7%, ¥*=2.62, p=0.105). This analysis indicates that the higher MDR prevalence originally observed in the multiple
culture group was largely attributable to the repeated sampling protocol itself, which increased the cumulative probability
of detecting MDR pathogens over time. Approximately 47.7% (31/65) of the MDR patients in the multiple group were
identified only through subsequent cultures after an initial culture without that specific MDR pathogen.

Relationship Between the Frequency of Sputum Culture and Patient Outcomes

Linear regression is employed to ascertain the quantitative interdependence among two or more variables. In the pre-
matched cohort, the duration of mechanical ventilation was significantly shorter in the single sputum culture group than
in the multiple sputum culture group, with durations of 119.50 hours (IQR, 72.25, 204.00) versus 159.50 hours (IQR,
91.75, 353.50) (p < 0.001), as detailed in Figure 2 and Table S3. Additionally, the length of hospital stay was shorter in
the single sputum culture group, with an average of 24.00 days (IQR, 16.00, 33.75), than in the multiple sputum culture
group, with an average of 28.00 days (IQR, 19.75, 42.00) (p =0.018), as illustrated in Table S4. Furthermore, the duration

CRE CRF@ BIRSAESB!
'ESBL CRABéAE» CRAT
CRPA
# <CREYZ
< CrAB) CRABcrAB P4 ks
ESBL MRSA

Y
l EsplL ESED

group

I Single group
Multiple group

Figure 3 Distribution of MDR Pathogens and Frequency of Acquisition per Patient: This bubble chart illustrates the distribution of multidrug-resistant (MDR) pathogens
between the single sputum culture group and the multiple sputum culture group. The size of each bubble represents the frequency of acquisition of the same MDR pathogen
per patient. Larger bubbles indicate higher frequencies of the same resistant bacteria.
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of ICU stay was significantly shorter in the single sputum culture group, with a median of 10.00 days (IQR, 6.00-17.00),
than in the multiple sputum culture group, which had a median of 13.00 days (IQR, 8.75-24.25) (p <0.001), as detailed
in Table S5. However, it is important to note that the frequency of sputum culture was not correlated with in-hospital
mortality or 28-day mortality, as shown in TableS 2, S6 and S7. These results were obtained after adjusting for potential
confounding variables.

For PSM, 149 patients with a single sputum culture were matched with 149 patients with multiple cultures. Table S8
compares their characteristics, showing all standardized mean differences (SMDs) for all variables were less than 10%,
indicating well-balanced baseline characteristics (see Table S8, Figure 2 and S1, and Figure S2). Consistent with the pre-
matching model results, a single sputum culture was associated with a shorter duration of mechanical ventilation
(median: 116 hours vs 156 hours) and a reduced length of stay (LOS) in the intensive care unit (median: 9 days vs 13
days), with statistically significant results (p < 0.001), as presented in Tables S9 and S10. Furthermore, there was an
observed trend towards shorter overall hospital stays (median: 24 days vs 28 days; p = 0.073), as indicated in Table S12;
however, no significant association was identified with in-hospital mortality (11.41% vs 14.77%; p = 0.931) or 28-day
mortality (8.05% vs 10.74%; p = 0.506), as shown in Table S13.

Hospitalization Cost Results

The total medical expenses for patients in the pre-matched single sputum culture group were 138,150 CNY (IQR,
101,090.40, 197,680.96) compared with 167,910.20 CNY (IQR, 112,924.62, 276,750.66) in the multiple sputum culture
group (p = 0.011), as detailed in Tables S14 and 2. After PSM, the total medical expenses for patients in the single
sputum culture group were 136,870 CNY (IQR, 102,790, 192,230), whereas those in the multiple sputum culture group
were 167,780 CNY (IQR, 112,960, 275,940) (p = 0.004), as shown in Figure 2, Tables S15 and 2. These results indicate
that the total costs remained consistently lower in the single sputum culture group than in the multiple sputum culture
group before and after matching.

Discussion

Pulmonary infections in ICU patients are prevalent and pose serious risks, often leading to respiratory failure, septic shock,
multi-organ failure, and prolonged hospital stays, all of which can worsen patient outcomes.'*>*> Sputum culture remains
a straightforward and cost-effective diagnostic tool, facilitating accurate pathogen identification and guiding targeted
antibiotic therapy to help prevent resistance.'? This study compared single and multiple sputum culture frequencies in ICU
patients with confirmed pulmonary infections and revealed that multiple daily cultures are associated with more frequent
antibiotic adjustments, likely due to enhanced detection of resistant or unexpected pathogens. However, single daily
cultures are associated with shorter mechanical ventilation duration, ICU stays, and lower hospitalization costs without
compromising in-hospital or 28-day mortality rates. These findings underscore a key dissociation: increased diagnostic
yield from repeated sampling did not translate into improved patient outcomes, challenging the routine practice of multiple
cultures. These findings provide practical guidance for optimizing sputum culture frequency in ICU settings, balancing the
benefits of frequent cultures for antibiotic precision with efficient resource use.

Our study revealed that the single and multiple sputum culture groups generally presented consistent baseline
characteristics, with minor differences in the MAP and heart rate. To adjust for these imbalances, we used multivariate
regression and propensity score matching (PSM) to create comparable groups. Both groups had a median GCS score of 8
and an APACHE II score of approximately 20, underscoring the high severity in this ICU cohort. This approach enhances
the clinical relevance and reliability of our findings for managing critically ill patients.

Sputum culture frequency significantly impacts antibiotic selection. The multiple-culture group had a higher antibiotic
adjustment rate (76.88% vs 67.33%, p =0.046), especially in MDR cases (87.69% vs 70.69%, p =0.019), echoing prior
studies.”® This likely stems from a higher detection rate of MDR pathogens in the multiple-culture group (40.62% vs
28.71%), particularly Acinetobacter baumannii (38.46% vs 25.86%) and MRSA (30.77% vs 17.24%). Initial empirical
antibiotics often failed to cover these resistant pathogens, leading to more frequent antibiotic changes. Moreover, the
resistance of MDR pathogens to empirical antibiotics and the presence of multiple MDR infections necessitated broader
or combination antibiotic therapy.?’ Clinical deterioration in some patients also prompted treatment plan reassessments
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and antibiotic adjustments.”® In contrast, the single-culture group had lower antibiotic adjustment and MDR detection
rates. There was no significant difference in antibiotic adjustment rates between the groups among non-MDR patients
(65.97% vs 69.47%, p =0.572). This pattern suggests that the observed increase in antibiotic adjustments in the multiple-
culture group is directly attributable to the protocol-driven increase in MDR pathogen detection, rather than to
a fundamental difference in disease severity or treatment response. This implies the initial antibiotics in the single-
culture group were more effective in pathogen coverage, enabling earlier infection control and better patient outcomes,
including shorter ICU stays and mechanical ventilation durations. These findings highlight the importance of selecting
effective initial empirical antibiotics to reduce adjustment needs and healthcare costs. Although propensity score
matching was used to minimize bias, unmeasured disease severity factors might still affect the results. Notably, multiple
sputum cultures in a short time increased clinicians’ confidence in MDR culture results, leading to treatment decision and
antibiotic use adjustments, a novel insight from this study. However, procalcitonin (PCT) testing was not routinely
performed due to insurance or other factors, which might influence result interpretation. Randomized controlled trials are
necessary to confirm whether sputum culture frequency truly impacts clinical decisions and patient outcomes.

This study compared clinical outcomes of ICU patients on mechanical ventilation who received either a single culture
or multiple sputum cultures within 24 hours. The results revealed a significantly shorter duration of mechanical
ventilation, ICU stay, and hospital stay in the single culture group. These findings contrast with the literature, which
suggests that multiple sputum cultures enhance pathogen detection, potentially enabling targeted therapy and improved
recovery rates.””*° This discrepancy may be best explained by the inherent properties of repeated sampling: it increases
the cumulative probability of detecting MDR organisms (as supported by our sensitivity analysis), which in turn prompts
more antibiotic changes but does not necessarily accelerate clinical recovery. The appropriateness of the initial empirical
antibiotic therapy may be a more critical determinant of outcome than culture frequency alone.

The hospitalization costs for patients with a single sputum culture are lower than those for patients with multiple
sputum cultures. Although sputum cultures can be beneficial, they often do not result in changes to antibiotic treatment.
Studies have indicated that even when cultures are obtained, the treatment is frequently not adjusted, which ultimately
increases the overall diagnostic costs.*'** In our study, patients in the single sputum culture group had a lower rate of
antibiotic changes, indicating that the empirically used antibiotics in this group were likely more effective against the
identified pathogens. These findings suggest that initial empirical antibiotics were more appropriate, leading to better
patient outcomes. Consequently, earlier administration of suitable antibiotics resulted in improved prognostic indicators,
such as reduced length of stay and a decreased likelihood of adverse outcomes for healthcare-associated pneumonia
(HCAP) patients.*® The median APACHE II scores (20 vs 21) and PaO,/FiO, ratios indicate slight baseline differences,
with the multiple-culture group having marginally worse hypoxemia. Despite propensity score matching, it is challenging
to match all indicators related to disease severity. These persistent differences suggest that patients selected for multiple
sputum cultures may have had a more severe or complex clinical presentation, inherently requiring more intensive
monitoring and treatment, which itself contributes to higher costs. Studies have shown that each one-unit increase in the
APACHE II score can add approximately $1000 to hospital costs.>* Overall, a single sputum culture may lower costs and
support effective antibiotic use, whereas multiple cultures increase expenses without improving outcomes.

This study has several important limitations. First, the observational design precludes establishing direct causal
relationships between sputum culture frequency and secondary outcomes (eg, hospitalization costs, ICU stay duration), as
these are influenced by multifactorial determinants. Second, the lack of molecular confirmation (eg, Whole Genome
Sequencing) limits our ability to definitively interpret the dynamics of pathogen detection in the multiple-culture group.
Third, the small effect size (p = 0.105) suggests limited clinical relevance of the observed statistical differences in
antibiotic adjustment rates (p = 0.048). Finally, despite propensity score matching, residual confounding by disease
severity may persist. These limitations highlight the need for randomized controlled trials with standardized sampling
protocols to validate our findings and optimize clinical strategies.

Conclusions
This study undertook a comparative analysis of the frequency of single versus multiple sputum cultures in ICU patients
with pulmonary infections. These findings demonstrated that multiple cultures were associated with more frequent
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adjustments in antibiotic therapy. In contrast, single daily cultures were linked to a reduced length of stay in the ICU,
shorter duration of mechanical ventilation, and decreased hospitalization costs without impacting in-hospital or 28-day
mortality rates. These results suggest that while multiple cultures may improve antibiotic management, single cultures
may result in greater resource efficiency. Further validation through randomized controlled trials is necessary.
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