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Rationale Statement 1
The challenge in interpreting molecular diagnostics is the risk of detecting non-infectious or colonizing organisms, leading to overtreatment. Therefore, the population should be carefully selected and must have a reasonable pre-test probability of infection, as Bayes’ law dictates that clinical suspicion will drive the probability of infection irrespective of the test result. Moreover, studies investigating the efficacy of these molecular tests have been conducted in specific populations with clinical suspicion of infection and a reasonable pre-test probability [1]. The challenge is amplified when molecular diagnostics with increased sensitivity are used to detect nucleic acids of non-viable organisms. The co-detection of low pathogenicity organisms, such as yeasts and coagulase-negative staphylococci, may lead to overinterpretation of results and unnecessary antibiotic use [2]. Quantitative polymerase chain reaction (qPCR) quantifies gene copy numbers, thereby guiding clinicians to distinguish between colonization and infection based on clinical aspects and pathogen density, although this cannot account for multiple gene copies in an organism. When considering respiratory samples, the use of protected lower respiratory tract samples can further help reduce the detection of colonization [3]. Additionally, the inclusion of viral targets in diagnostic panels, especially when combined with bacterial targets, can help rule-out coinfections and play a crucial role in reducing antibiotic use. Furthermore, clinicians should carefully consider the potential risks of withholding antibiotics based on a negative test result, particularly given the possibility of relevant pathogens not targeted by the assay, which could lead to untreated infections. For example, when considering respiratory samples current evidence suggests that molecular testing may be most effective when used to rule-out pathogens that typically require broad-spectrum antibiotics, such as, Acinetobacter spp., Klebsiella spp. and Staphylococcus aureus [4-8], although further studies are needed to fully clarify this issue. An alternative application of molecular diagnostics is screening for inherently resistant pathogens or antimicrobial resistance (AMR) genes [2]. The detection of AMR genes using PCR is feasible, and several syndromic tests now include assays for key AMR genes. Although the potential to rapidly identify resistance mechanisms is appealing, the molecular detection of AMR genes remains imperfect and may result in overtreatment [2]. First, it is difficult to determine which organism carries the gene; therefore, a resistance mechanism may be present in an unrelated or colonizing organism [2, 9, 10]. Second, the mere presence of a resistance gene does not ensure its expression at the protein level and may result in overinterpretation of resistance. The clinical significance depends on both the specific gene and the context in which it is detected. For instance, detection of genes such as mecA in Staphylococcus aureus or vanB in Enterococcus faecium from a cultured bacterial isolate is typically interpreted as indicative of resistance to the corresponding antibiotic class. However, when these genes are identified directly from a clinical specimen, without organism isolation or phenotypic confirmation, their relevance remains uncertain and should be interpreted with caution. However, relying solely on AMR gene results could also result in the underestimation of resistance and undertreatment because phenotypic resistance testing is an agnostic mechanism, and resistance may arise from a gene that is not on the panel [10]. Consequently, when interpreting these results, clinicians should be adequately aware that the NPV of genotypic testing for AMR varies depending on the microorganism. The likelihood of accurately excluding AMR is notably high for certain gram-positive resistance mechanisms (e.g., MRSA, VRE), whereas it is considerably lower for Gram-negative resistance mechanisms (e.g., CPOs, ESBLs)[11, 12].

Rationale Statement 2 
Appropriate rapid microbiological testing is clinically relevant to overcome unmet diagnostic needs in critically ill patients, improve analytical sensitivity, and reduce turnaround time (TAT). Culture-independent diagnostic techniques can be applied in cases of bloodstream infections (BSIs); however, rapid microbiological testing can be applied to different types of samples from critically ill patients, including lower respiratory tract and cerebrospinal fluid (CSF) samples. Rapid testing for the direct detection and identification of pathogens in whole blood is limited and poorly widespread in clinical microbiology laboratories. Several studies have indicated the use of these systems to evaluate the diagnostic accuracy and, in some cases, their clinical impact. In a meta-analysis [13] including 14 studies (randomised trials or observational controlled studies of patients with suspected BSIs), the authors described the analytical and clinical features of the T2Dx system, a magnetic resonance-based molecular diagnostic device (T2MR) capable of detecting pathogens directly from unprocessed whole blood samples. The T2Candida panel detects the most common pathogenic Candida spp., namely, Candida albicans/Candida tropicalis, Nakaseomyces glabratus/Picha kudriavzevii (formerly Candida glabrata/Candidakrusei), and Candidaparapsilosis, while the T2Bacteria panel detects Enterococcus faecium, Staphylococcus aureus, Klebsiella pneumoniae, P. aeruginosa, Escherichia coli, and Acinetobacter baumannii. Antimicrobial use with T2MR versus blood cultures (BCs) in patients with suspected BSIs was compared. This meta-analysis demonstrated that a positive T2MR diagnosis was related to faster appropriate antimicrobial therapy than BC diagnosis. However, the authors concluded that the impact of antimicrobial de-escalation is highly variable and limited. One plausible explanation for this finding is that clinicians may be reluctant to de-escalate broad-spectrum antibiotics in light of a negative T2MR test result because the panels do not currently detect all potentially causative pathogens. Of note, culture methods may also be more sensitive than nucleic acid amplification test (NAAT) for on-panel organisms because of the evaluation of higher blood volume. Therefore, BCs remain the diagnostic backbone of BSI microbiological testing because of their capability to detect all cultivable pathogens. 
Rapid diagnostic assays can also be used to evaluate lower respiratory tract samples from critically ill patients with suspected pneumonia. In a recent systematic review and meta-analysis[7], the performance of the Film Array Pneumonia Panel (FAPP), currently the most widely used commercial method for rapid microbiological diagnosis of pneumonia, was evaluated. Thirty studies were selected (14 were performed in the intensive care unit (ICU), including 8453 patients and 8974 respiratory samples. The overall sensitivity for the 15 typical bacteria in the panel was 94% (95% confidence interval [CI], 91–95) and varied from 50% (95% CI, 20–80) to 100% (95% CI, 97–100) among the studies. Poor performances were noted for Klebsiella oxytoca, with a sensitivity of 74%. Moreover, the authors concluded that the FAPP is broad but incomplete, as >9% of bacteria responsible for pneumonia in ICUs and detected in culture were not included in the panel. Therefore, including so-called “off-panel organisms” in the analysis reduces sensitivity, and this limitation must be appropriately considered in clinical practice. In a large, prospective, observational, multicenter study [14] evaluating the analytical performance of FAPP for the detection of bacteria and resistance genes compared with routine conventional methods, the same conclusion was reached. The most notable limitation of this molecular method is that the panel of targets does not include some clinically relevant pathogens (especially Citrobacter spp., Hafnia alvei, Morganella morganii, Stenotrophomonas maltophilia, and Achromobacter spp.); therefore, these pathogens can only be detected via culture. 
In conclusion, in critically ill patients undergoing rapid microbiological testing based on nucleic acid amplification test (NAAT) assays, concurrent execution of standard cultures is still fundamental for optimizing the rate of pathogen identification.

Rationale Statement 3
TAT is a critical metric in clinical microbiology that represents the period from specimen collection to delivery of test results. Rapid and accurate diagnostic results are essential for timely clinical decision making and effective patient management. Advanced microbiological techniques, such as polymerase chain reaction (PCR), matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS), and next-generation sequency (NGS), offer significant improvements over traditional culture-based methods in terms of speed and precision. These advancements underscore the importance of optimizing TATs to enhance clinical outcomes. 
Studies for systematic review were selected following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines. Initially, 26 records were identified, with 20 retrieved from databases and six identified through a citation search. No records were removed because of duplication or ineligibility to use automation tools. All 26 records were screened for relevance, and none were excluded at the initial stage. All 26 reports were successfully retrieved and assessed for eligibility. During the eligibility assessment, six reports were excluded because they did not focus on the selected outcomes (four reports) or had an incorrect study design (two reports). The selection process led to the inclusion of 20 studies in the final systematic review [15], [16], [17], [18, 19], [20, 21], [22], [23], [24], [25], [26], [27], [28], [29], [30], [31], [10], [32], [33]. 
Zhu et al. explored the use of metagenomic NGS (mNGS) for the rapid diagnosis of postoperative intra-abdominal infections and found that the median TAT for mNGS was significantly reduced to <24 h compared with 59.5–111 h for culture-based methods [33]. Similarly, Nan et al. showed that mNGS had an average TAT of 2.2 days for diagnosing BSIs in pediatric intensive care patients compared with 3.2 days for BC tests [28]. The study highlighted that the rapid identification of pathogens via mNGS facilitates early and appropriate therapeutic adjustments. Chen et al. emphasized the value of in-house mNGS with TAT of <36 h for diagnosing lower respiratory tract infections [18]. Galar et al. [20] provided a detailed analysis of the clinical and economic effects of reducing TATs in microbiological diagnostics. Their study showed that reducing TATs by approximately 17.6 h (from one day to the same day) led to the early optimization of antibiotic therapies, reduced hospital stays, and decreased healthcare costs. Rapid TATs allowed timely therapeutic interventions and reduced the incidence of prolonged hospitalization and associated complications. Lin et al. [25] explored the application of droplet digital PCR (ddPCR) for rapid identification of bacterial pathogens in patients with suspected sepsis. They found that reducing TATs from several days of traditional bacterial culture to <12 h led to significant improvements in patient outcomes, particularly for BSIs, as early detection of pathogens with ddPCR could improve antimicrobial regimens and guide precision treatment therapy. Arenas et al. [17] focused on the impact of reduced TATs on Candida auris screening tests in a tertiary academic medical centre. TAT was reduced by >2 days using a validated on-site PCR-based testing platform. They found that reducing TATs facilitated the quick implementation of infection control measures, ultimately leading to improved patient management in critical care settings. The impact of rapid TATs on clinical decision making is particularly evident in the context of severe infections, where time is a critical factor. Fu et al. [21] reported that rapid nanopore sequencing with TAT of 8–14 h was instrumental in guiding treatment decisions in patients with suspected infectious diseases. The ability to quickly identify the causative agent allows clinicians to precisely tailor antimicrobial therapy, thereby reducing the likelihood of empirical treatment failure and AMR development. Ha et al. [23] further supported the clinical importance of short TATs by evaluating an Automated Fluorescent Immunoassay System for detecting rotavirus and norovirus. Their findings indicated that the Automated Fluorescent Immunoassay System, with a TAT of 26 min, provided a rapid alternative to traditional enzyme-linked immunosorbent assays, with a TAT of 150 min. Zhang et al. [ 32] explored the use of rapid multiplex PCR (rmPCR) to identify bacterial pathogens in patients with suspected sepsis. The study found that the TAT of blood mNGS (2.1±0.4 days) was much less than that of BC (6.0±2.1 days). Li et al. [24] investigated the application of MALDI-TOF MS in a large, tertiary hospital and found that reducing TATs for microbial identification to <48 h significantly affected clinical decision making, leading to prompt initiation of appropriate antimicrobial therapies. Uzuriaga et al. [31] highlighted the importance of rapid TATs in ASPs. Their study showed that reducing TATs significantly decreased unnecessary antibiotic use. The authors found a significant decrease in the information time (11.44 h vs. 4.48 h, P<.01) from the detection of bacterial growth in the culture medium to the communication of identification using MALDI-TOF MS. Therapeutic optimization was improved by introducing new antibiotics in the 10–24-h time window (P=.05) and conversion to oral route (P=.01).
Conversely, prolonged TATs can significantly reduce the clinical value of microbiological tests. Giacobbe et al. [22] discussed how extended TATs in sepsis management can lead to delayed adjustments in therapy, thereby compromising patient outcomes. Fontana et al. [19] noted that in scenarios where TATs exceeded 48 h, the usefulness of diagnostic results diminished because clinical decisions are often made based on empirical evidence rather than specific pathogen identification. MacGowan et al. [27] evaluated the impact of delayed TATs on the management of respiratory infections in ICUs in a randomised controlled trial (RCT). They found that TATs exceeding 24 h led to a significant increase in the duration of empirical therapy, which was often suboptimal compared with targeted therapy initiated after rapid diagnostic testing. However, rapid identification of bloodstream pathogens using MALDI-TOF MS in this trial did not reduce patient mortality despite rapidly delivering laboratory data to clinicians. Peterson et al. [29] explored the consequences of prolonged TATs in the diagnosis of Clostridium difficile-associated diarrhea and found that with an assay TAT of <4 h, real-time PCR was a more sensitive and equally rapid test than enzyme immunoassays for toxigenic detection in clinical practice as well as for use during the development of new therapeutic agents. In conclusion, the systematic review of the literature highlighted that TATs <24 h are consistently shown to be clinically useful across various advanced microbiological techniques. Studies by Chen et al. [18] and Galar et al. [20] showed that rapid diagnostics with TATs <24 h led to improved outcomes, including timely adjustments in treatment and reduced hospital stays. Techniques such as mNGS, multiplex PCR, and MALDI-TOF MS are particularly effective in guiding prompt clinical decision making when delivering results within this timeframe. Some studies have suggested that even short TATs, such as sub-12 h, are critical in acute and severe cases, particularly for conditions such as sepsis, where early intervention is paramount. Conversely, TATs extending beyond 24 h reduce the clinical value of diagnostic tests, whereas prolonged TATs, particularly those exceeding 48 h, are associated with decreased utility because the delay undermines the timeliness and relevance of the test results [27] [29].
Evidence from the reviewed studies suggests that TATs <24 h are ideal for maximizing the clinical utility of advanced microbiological techniques. Short TATs (sub-12 h) are beneficial in acute cases. Conversely, TATs extending beyond 24 h, especially those exceeding 48 h, significantly reduce the clinical value of diagnostic tests, leading to delayed or less effective clinical interventions.

Rationale Statement 4
[bookmark: _Hlk194818974]BSIs are frequent events in hospital settings, particularly in critically ill population [34]. In ICUs, BSIs are associated with high mortality rates, between 40% and 60% [35, 36], especially when associated with septic shock. Early diagnosis of BSIs has been shown to significantly affect patient outcomes and increase the likelihood of therapeutic success [37]. The Surviving Sepsis Campaign guidelines for managing sepsis and septic shock introduced a 1-h bundle, recommending the administration of antimicrobial therapy within 1 h of sepsis diagnosis to reduce mortality [38]. Incorporating this into clinical practice is essential for implementing strategies that preserve and optimize the use of existing antibiotics, in line with ASPs [39, 40]. Conventional techniques for identifying pathogens in clinical samples include culture-based tests followed by identification and susceptibility testing [41]. However, these methods have certain limitations, such as inconclusive results owing to prior antibiotic therapy and the elusive nature of some pathogens, that is, the inherent constraints of culture-based diagnostics. Culturing methods are often associated with significant delays [42]. Although innovations such as MALDI-TOF MS have improved the timing of bacterial identification, these techniques still rely on positive BC bottles, with substantial limitations in terms of effective TAT [43, 44]. Molecular diagnostics, which address these limitations, have gained attention in clinical microbiology for pathogen identification. In this perspective, is important to emphasize that MALDI-TOF has lower costs for the rapid identification of pathogens in positive blood cultures, while molecular diagnostic tests are though more expensive. However, they offer the additional advantage of rapidly detecting genotypic resistance markers. This added value may justify the use of molecular diagnostics particularly in settings with high rates of antimicrobial resistance or in critically ill patients with life-threatening infections. However, the requirement for most of these tests to be performed on positive blood cultures may limit their usefulness. Is important to consider that conventional blood culture may not only detect organisms that are not included in the panel of direct-from-blood PCR assays, but it may also offer greater sensitivity for organisms that are included, primarily due to the larger volume of blood typically used (30–40 mL for blood culture vs. 0.5–1 mL for PCR). Consequently, the main advantages of direct-from-blood PCR testing compared to blood culture are reduced time to result and the ability to detect non-viable organisms in the bloodstream. Among these, most diffuse assays are based on NAATs, which provide qualitative results by amplifying the signal of hybridized probes. These systems allow for a high level of multiplexing to cover the most important pathogens responsible for BSI and the most relevant resistance determinants using a ‘syndromic panel’ approach. In the systematic review, we evaluated Verigene® BC Gram-positive (BC-GP) and BC Gram-negative (BC-GN) panels (Luminex Corporation, Northbrook, IL, USA) and the BIOFIRE® Blood Culture Identification 2 (BCID2) panel.
The Verigene® BC-GP panel has demonstrated high accuracy for the identification of Gram-positive and Gram-negative pathogens. Among Gram-positive pathogens, methicillin-susceptible Staphylococcus aureus, Enterococcus faecium, and Enterococcus faecalis can be detected. Moreover, vanA and vanB genes can be detected within 2 h of Gram staining [45-51]. Furthermore, the duration of antibiotic use in patients with probable BC contamination with coagulase-negative staphylococci was reduced in a single observational study [52]. Overall, the available studies, despite their observational designs, agreed on the reduction in antibiotic consumption and time to optimal antimicrobial therapy. Two observational studies explored the impact of pharmacist-directed antimicrobial stewardship guidance following BC rapid diagnostic testing with the Verigene BC-GP and showed improved time to optimal therapy and decreased risk of mortality and readmission [53, 54]. Notably, most of the included studies implemented rapid microbiology within structured ASPs, which helped reinforce the positive outcomes associated with the use of syndromic panels.
The Verigene® BC-GN panel demonstrated TAT of <2 h after BC positivity and reduced the time to identification of Gram-negative bacteria (GNB) from a mean of 37.9 h when using the Vitek 2 system (biochemical approach) to a mean of 10.9 h (P<.001) [55]. The panel’s sensitivity and specificity have been reported to be 97.1% and 99.5%, respectively, for GNB identification [55-59], although with possible suboptimal sensitivity for polymicrobial infections [60]27. In a retrospective study, the identification of GNB with the Verigene BC-GN anticipated the adjustment from empirical to targeted therapy in 30% of cases within an antimicrobial stewardship project [58]. Among 1046 GNB isolated from BSI, Verigene BC-GN showed negative predictive values >90% for resistance to third-generation cephalosporins for Escherichia coli and K. pneumoniae but lower values were registered for P. aeruginosa, probably because of its complex array of resistance mechanisms that are not targeted by the probes included in the system [59]. In non-randomized studies, the implementation of the Verigene BC-GN® assay was associated with reductions in time to effective therapy, mortality, and length of hospital stay among patients with gram-negative bacteremia, including those caused by multidrug-resistant (MDR) organisms. In conjunction with ASPs, these tests demonstrated the maximization of positive results for optimal therapy and outcome [61-63]. The BCID2 panel, a rapid molecular test that allows the simultaneous identification of 43 BSI-related nucleic acid targets, has been evaluated. A recent meta-analysis revealed the performance of these assays in nine observational studies and concluded that BCID2 showed good performance in detecting major determinants of BSI and could optimize early antimicrobial treatment, especially for extended-spectrum beta-lactamase- or carbapenemase-producing Gram-negative bacilli and methicillin-resistant Staphylococcus aureus (MRSA) [64]. Later observational studies showed significantly shorter time for BCID2 results than conventional culture methods, sensitivity and specificity >99%, and correct prediction (>90%) of phenotypic resistance patterns by detecting AMR genes [65-68]. Notably, the efficacy of the BCID2 panel in polymicrobial BCs was not much convincing. In 2024, these results were further confirmed in a pre-post observational real-world study including 113 ICU patients, which also showed a high concordance of genotype–phenotype correlation in carbapenem-resistant K. pneumoniae, MRSA, and vancomycin-resistant Enterococcus but a poor correlation between blaCTX-M and phenotypic extended-spectrum beta-lactamase for K. pneumoniae and Escherichia coli36. Moreover, according to the results of BCID2, 38 patients initially receiving an inadequate antimicrobial regimen had their antibiotics adjusted to an adequate regimen [69].
Considering the limited number of panels, another assay targeting a specific pathogen is the Xpert MRSA/SA Blood Culture test, which is a qualitative in vitro diagnostic test designed for the rapid and simultaneous detection of Staphylococcus aureus and MRSA directly from Gram-positive BCs. It is based on traditional real-time PCR-based assays and contains additional primers and probes to ensure the presence of mecA, thereby reducing the chance of a false-positive result that can occur with multiplexed assays. A recent study evaluated the Xpert MRSA/SA assay in a population with Staphylococcus aureus BSIs in resource-limited settings that lacked direct antimicrobial stewardship interventions. The assay reduced the time to initiation of optimal antimicrobial therapy but had no impact on mortality or other clinical outcomes [70-73]. When the assay was implemented within ASPs, it shortened the time to optimal therapy and positively impacted costs, although it had no significant effect on hospital length of stay and mortality rate [74-77].
Despite these advantages, molecular techniques are not affordable for all patients with suspected BSIs, primarily because of their high costs. Therefore, risk stratification for MDR infections and evaluation of clinical severity could be practical criteria to help select patients who would benefit most from these methods. This may include patients at a high-risk of MDR infections in whom it is not easy to predict an adequate antibiotic regimen, those with a poor response or relapse of infection after first-line antimicrobial treatment, or patients with severe conditions such as septic shock.
A recently published large network meta-analysis revealed the effects of rapid diagnostic tests (RDTs) associated with ASPs on survival of patients with BSI [78]. In total, 25682 patients from 88 studies were included. The authors showed a significant reduction in mortality associated with the use of RDTs and ASPs versus BCs alone (odds ratio, 0.72; 95% CI, 0.59–0.87). This survival benefit was lost when the RDTs were not associated with antimicrobial stewardship. Despite the high statistical heterogeneity within each meta-analysis, the authors concluded that the use of RDT associated with ASPs may lead to survival benefits, even when introduced in settings that have already adopted effective ASPs in association with conventional BCs.

Rationale Statement 5
Our systematic review identified four studies addressing the use of multiplex PCR techniques for the etiological diagnosis of community-acquired pneumonia (CAP) in an intensive care setting. However, none of these studies focused exclusively on patients with CAP. The clinical utility of rmPCR techniques was evaluated in one RCT [14] and three observational studies, one of which was prospective [79] whereas the remaining two had a retrospective design [80, 81]. In studies reporting pathogen detection rates, rmPCR testing was shown to enhance pathogen detection and allow significantly shorter TATs than conventional testing [14, 79, 81]. Clinical outcomes were analyzed only in the RCT, in which patients tested using rmPCR showed no significant differences in 28- and 60-day mortality, ICU and hospital stay, and incidence and duration of invasive ventilation compared with those who underwent conventional microbiological testing. The duration of antibiotic treatment was similar between patients who did and did not undergo rmPCR testing [14].
Test-driven antibiotic modifications were reported in three studies [14, 79, 81], with higher rates of antibiotic de-escalation or discontinuation (from 20% to 40%) than of antimicrobial escalation (from 8% to 22%). One study explored the potential time-dependent effects of PCR test timing but did not find any influence of early test timing on mortality [81]. The panel considered the use of these techniques appropriate for patients with severe CAP who exhibited clinical and radiological risk factors for the failure of standard therapy. This is because the high predictability of the pathogen may raise concerns regarding the cost-effectiveness ratio for patients who are not classified as high-risk. This is in agreement with the European Respiratory Society/European Society of Intensive Care Medicine/European Society of Clinical Microbiology and Infectious Diseases/Latin American Thoracic Association guidelines for the management of severe CAP, which suggest the use of rapid microbiological techniques whenever nonstandard severe CAP antibiotics are prescribed or considered [82]. 
The choice of microbiological specimen type for use is addressed in Question 7.

Rationale Statement 6
In the systematic review, we selected 11 articles that focused on the use of rmPCR techniques. These included three RCTs, one interventional pre-post study, six prospective observational studies, and one retrospective observational study. The studies’ populations were heterogeneous, with one RCT involving a mixed population of patients with CAP, hospital-acquired pneumonia (HAP), and ventilator-acquired pneumonia (VAP) [14] and the remaining two RCTs involving a mixed HAP and VAP population [83, 84]. The interventional study included patients with HAP [85]. Among the prospective observational studies, one included patients with CAP, HAP, and VAP [79], two studies focused on HAP [86, 87] and the remaining three involved patients with HAP and VAP [5, 84, 88]. Four of these studies were based on simulated antibiotic management using real clinical scenarios rather than real-life clinical data [5, 80, 84, 86].
All studies assessing pathogen detection revealed an increase in pathogen detection rates [14, 80, 83, 84, 86], with significantly reduced TATs [79, 87] when rmPCR methods were used compared with standard microbiological methods. The clinical outcomes were evaluated in four studies, including three RCTs and one interventional pre-post study. Patients who underwent rmPCR testing showed no benefit in terms of 28- and 90-day and in-hospital mortality [14, 84, 85]. ICU stay was assessed in four studies, and hospital stay was assessed in one, with no improvements observed with rmPCR testing [14, 80, 83, 84, 86]. Similarly, the duration of mechanical ventilation was not reduced by rmPCR testing, as reported in three studies [14, 84, 85].
One RCT on patients with HAP and VAP reported a significant improvement in clinical cure rates at 14 days (8% higher) [85], although an interventional pre-post study on patients with HAP did not find any improvement in cure rates [86]. The antibiotic duration was not shortened by rmPCR testing [14, 83, 86]. However, the appropriateness of initial antimicrobial therapy was improved by 10% in the rmPCR-guided groups according to Monard et al. [81] and by 21% and 19% at 24 and 72 h, respectively, according to Enne et al. [84]. rmPCR testing was also effective in avoiding treatment failure among patients with HAP [87] and those with HAP or VAP at a high-risk of antibiotic resistance, as reported by Bay et al. [88].
Antibiotic management was modified in 54%, 48% of patients [80, 87], and 87% of VAP patients as reported by Monard et al. [81]. Reverse transcription PCR results led to antibiotic escalation in 20% to 40% of cases and to antibiotic de-escalation or discontinuation in 8% to 22% of cases [5, 14, 79, 80].
Although the currently available clinical evidence does not demonstrate a clear improvement in patient outcomes associated with the use of rapid microbiological testing, the expert panel decided to suggest its use based on the potential value of these tests in guiding timely therapeutic decisions. This recommendation is supported by evidence of increased pathogen detection rates, shorter turnaround times, improved appropriateness of initial antimicrobial therapy, and reduced treatment failure.
The choice of microbiological specimen type for use is addressed in Question 7.

Rationale Statement 7
Rapid molecular diagnostic testing can be used for the microbiological diagnosis of pneumonia. Currently, some commercially available assays aid in the direct detection of pathogens in lower respiratory tract samples of patients with suspected pneumonia. These molecular methods can be used to analyze bronchoalveolar lavage (BAL) and bronchial aspirate (BA). Some meta-analyses describing the performance of the FAPP, the most widely used commercial method for the rapid microbiological diagnosis of pneumonia compared with traditional cultural methods, have been published in the last few years. In a meta-analysis, Moy et al. [7]evaluated 30 different studies including 8453 patients and 8974 respiratory samples, 3904 deep samples including BAL and BA, 1078 ETA, 455 sputa, and 3537 unspecified. Deep respiratory samples (BAL and BA) were assessed in 16 studies, including 3696 samples. The sensitivity and specificity were 93% (95%CI, 88–96) and 99% (95% CI, 97–99), respectively. For ETA analysis, seven studies included 651 samples. The sensitivity and specificity were 95% (95% CI, 92–97) and 96% (95% CI, 93–98), respectively. The diagnostic performance for the deep samples (with no discrimination between BAL and BA) was excellent, with a strong sensitivity, specificity, and small standard derivations for almost all 16 analyzed studies; for sputa analysis, FAPP diagnostic performance was low, with a sensitivity of 86% and specificity of 95% with large standard deviations. Another meta-analysis by Timbrook et al. [89]included clinical studies that reported the incidence of bacterial co-detection using FAPP among patients with coronavirus disease 2019 (COVID-19) admitted to the ICU (seven studies, 558 patients). The use of FAPP was associated with 33% co-detection among critically ill patients with COVID-19, nearly double the detection using culture and higher than previously reported in COVID-19 culture-focused meta-analyses. The authors did not discuss the pathogen identification rate based on sample type, but underlined one of the most critical issues for fast microbiology methods represented by the clinical interpretation of microbial load. In a large, prospective, observational, multicenter study [90], the analytical performance of FAPP for the detection of bacteria and resistance genes was evaluated. In total, 515 respiratory specimens from 515 individuals were included in the study. The lower respiratory tract specimens included 240 BAL (47%), 217 ETA (42%), and 58 sputa (11%). The study did not evaluate differences in the pathogen identification rate based on sample type.
In conclusion, the lack of standardization of clinical interpretation of quantitative results of rapid microbiological methods and the heterogeneous definitions and unclear discrimination between the different types of lower respiratory tract samples precludes the ability to express a preference between BAL and BA in terms of the pathogen identification rate.

Rationale Statement 8
Currently, the literature does not provide sufficient data to support the use of polymerase chain reaction (dPCR) for pathogen identification and reduction of time to diagnose critically ill patients with pneumonia. A meta-analysis of 52 studies examining various amplification assays and respiratory samples for the diagnosis of COVID-19 indicated that dPCR, qPCR, and loop-mediated isothermal amplification performed better with pharyngeal swabs than with saliva samples and were more effective when using ORF1ab primer-probe sets than when using N primer-probe sets. Although the accuracy levels of these methods did not show significant differences, they were influenced by specific experimental conditions, suggesting that the choice of the testing method can be tailored to environmental and socioeconomic factors [91].
An interesting application of digital PCR (dPCR) is the detection of alleles associated with antibacterial drug resistance. Current research has primarily focused on pathogens such as Mycobacterium tuberculosis [94,95] and Legionella pneumophila. The latter is particularly relevant in critical care settings. In this context, a recent study [96] demonstrated the high sensitivity of dPCR in identifying fluoroquinolone resistance–associated gyrA mutations in L. pneumophila directly from respiratory samples. These assays were capable of detecting resistant alleles present at very low frequencies (as low as 1 in 1,000) within a predominantly wild-type population, outperforming conventional methods such as qPCR and Sanger sequencing. This highlights the potential of dPCR as a valuable rapid diagnostic tool to support early therapeutic decision-making in critically ill patients at risk of antimicrobial treatment failure. 
In a retrospective study comparing the effectiveness of dPCR with that of traditional culture methods in 40 pleural and peritoneal fluid samples, dPCR demonstrated a shorter time to identify various bacterial and fungal microorganisms than traditional culture methods [92]. Another retrospective analysis, involving 48 patients without human immunodeficiency virus infection diagnosed with pneumocystis pneumonia, found a strong correlation between pneumocystis pneumonia copy numbers and various laboratory indicators when using dPCR for BAL fluid [93].

Rationale Statement 9
Limited data are available regarding the comparison of BAL fluid (BALF) and BA for diagnosing pneumonia using mNGS. Liu et al. [94] conducted a comparison of mNGS results of BALF and transbronchial lung biopsy (TBLB) tissue samples in patients with peripheral lung infections. Although the specificity of mNGS was lower for BALF than for TBLB, the sensitivity was higher for BALF than for TBLB. The most frequently identified infectious agents were P. aeruginosa, K. pneumoniae, and Acinetobacter baumannii. However, no definitive conclusions have been drawn regarding the most effective sample type. Similarly, Kalantar et al. [95] analyzed 52 mini-BALF samples from adults with severe pneumonia and compared them with results of tracheal aspirate samples. They discovered significant differences in sample types among patients with non-infectious acute respiratory disease but noted considerable similarities in the microbial composition of samples from patients with bacterial pneumonia, where the predominant pathogen prevailed in the microbial community. Regarding pathogen identification and outcomes, some meta-analyses have compared mNGS with conventional methods.
Meta-analyses [96, 97] have shown that mNGS provides a higher overall detection rate in patients with severe pneumonia than conventional methods, particularly in critically ill or immunocompromised individuals. The authors suggested that if conventional testing fails to identify a pathogen, mNGS should be considered a valid alternative, especially when achieving a diagnosis is challenging. Furthermore, mNGS is particularly effective in identifying fungi, viruses, and rare pathogens, making it a valuable complement to traditional microbial testing and aiding in establishing an etiological basis for the effective treatment of severe pneumonia. In a meta-analysis by Lv et al. [98], mNGS results were shown to reduce the 28- and 90-day mortality rates in patients with severe pneumonia and shorten both hospital and ICU stays. However, the clinical impact of performing mNGS on both BALF and plasma samples simultaneously has been found to be limited [99]. In a recent retrospective study of 92 patients, 84.7% of whom had infections (mostly bacterial), mNGS improved clinical management in 46.7% of cases, with 44.2% of these improvements resulting from new diagnoses, particularly for rare pathogens that were undetected using conventional methods [100].

Rationale Statement 10
Community-acquired meningitis (CA-ME) is a severe infection caused by various bacteria, viruses, and fungi. Prompt microbiological diagnosis can improve patient outcomes [101-103]. Rapid PCR-based microbiological testing of CSF, such as PCR-based syndromic panels, has recently become available [104]. FilmArray Meningitis/Encephalitis (FA-ME; BioFire Diagnostics, Salt Lake City, UT) panel is the only licensed and commercially available panel in many countries [105, 106]. Consequently, the scientific evidence is mainly focused on this panel. 
FA-ME targets 14 pathogens, i.e., the most common bacterial and viral causes of CA-ME (in both adults and children), plus Cryptococcus neoformans/gattii. FA-ME has a significantly shorter TAT than standard microbiological tests, such as gram staining, bacterial culture, and pathogen-specific PCRs [104, 107]. Conversely, FA-ME does not provide information on antimicrobial susceptibility and does not search for mycobacteria [104].
Two systematic reviews and meta-analyses of observational studies have explored the diagnostic accuracy of FA-ME, showing that FA-ME has an acceptable-to-high sensitivity and high specificity [105, 106]. False-negative results have been reported in particular for Listeria monocytogenes, herpes simplex virus (HSV) -1, and Cryptococcus neoformans/gattii, or when infrequent pathogens that are not included in the panel are present [102, 105, 106, 108-112]. However, in the well-conducted meta-analysis by Tansarli et al., FA-ME showed a very good negative predictive value, even in the case of HSV infections (99.7% for HSV-1/2) [105].
FA-ME showed an increased diagnostic yield for bacterial infections, particularly in patients pre-exposed to antibiotics [102, 106, 113]. The implementation of FA-ME in clinical practice was associated with reduced antimicrobial use, hospital length of stay, and costs [103, 107, 114-119]. However, some limitations to this evidence need to be underlined. First, the cure rate and mortality have not been explored in patients undergoing PCR-based syndromic panels, compared with standard testing [104]. Moreover, most data were obtained from observational studies, frequently including both adults and children, despite the well-known differences in terms of epidemiology and clinical presentation between these two population [102, 103, 105, 106, 120, 121].
The available evidence supports the use of FA-ME, in patients with suspected meningitis and encephalitis, even if data come essentially from observational studies. However, due to the aforementioned limitations, cultures should always be performed, together with pathogen-specific tests in selected patients, such as HSV-specific PCR, Cryptococcal antigen, and diagnostic tests for mycobacterial infections. Community-acquired brain abscesses are caused by a range of pathogens, depending on the characteristics of the host and underlying pathophysiological mechanisms. Most of the pathogens encountered in this setting (Streptococci, Staphylococcus aureus, Enterobacterales, anaerobes, Nocardia spp., Toxoplasma, Aspergillus spp., and other fungi in immunocompromised hosts) [122] are not included among those covered by FA-ME, making this test unsuitable for this clinical condition [104].
Some PCR-based syndromic panels used to detect pathogens in blood or positive BCs include some of the most common etiological agents of community-acquired brain abscesses [104]. However, their use in CSF or brain tissue biopsies is not licensed and is not supported by evidence. 
In synthesis, FA-ME and other commercially available PCR-based syndromic panels should not be used to test for CSF or brain tissue biopsies, in patients with community-acquired brain abscesses.

Rationale Statement 11
The etiology of healthcare-associated central nervous system infections (HCA-CNS-I) depends on several factors, including the characteristics and timing of surgery, presence of intracranial devices, characteristics of the host, and local epidemiology. The most commonly encountered pathogens are coagulase-negative staphylococci, Staphylococcus aureus, Cutibacterium acnes, Enterobacterales, P. aeruginosa, and Acinetobacter baumannii [123, 124]. These pathogens are not among those explored by the most widespread and commercially available rapid PCR-based syndromic panel for CSF (FA-ME). This panel targets pathogens responsible for CA-ME; consequently, it has not been employed in the setting of HCA-CNS-I [104, 106]. Some rapid PCR-based syndromic panels for BSIs target bacteria that cause HCA-CNS-I. However, these tests are designed to be performed on blood or positive BCs, depending on the panel, and have not been validated for CSF [104]. There have been a few reports on their use in the diagnosis of HCA-CNS-I [125, 126], but the data are insufficient to propose their implementation in clinical practice [127].

Rationale Statement 12
Traditional methods for detecting central nervous system (CNS) infections include pathogen culture and serological and molecular detection. Culture remains the gold standard method for the diagnosis of CNS infections; however, it has low sensitivity for slow-growing, fastidious, or uncultivable microorganisms and, in general, decreased sensitivity in the presence of ongoing antimicrobial therapy. Recently, mNGS has emerged as a novel and promising method for detecting infectious agents. The diagnostic sensitivity of NGS is closely dependent on comparative methods. NGS has diagnostic sensitivity superior to that of gram staining and culture for bacterial infections. Recently, many retrospective [128] and prospective [129-131] observational studies have shown that the detection rate of mNGS is significantly higher than that of conventional methods, especially when a rare pathogen is implicated [132].
Another retrospective study examined 62 samples from intracranial abscesses and found that the sensitivities of targeted NGS (tNGS), culture, and Sanger sequencing were 82%, 74%, and 61%, respectively [133]. The authors concluded that tNGS was superior to other methods for characterizing the diverse bacterial compositions of cerebral abscesses. In a retrospective study by Yuan et al., the detection rate of mNGS compared with the final diagnosis was not statistically different between the non-empirically treated and treated groups [128]. Similar results were obtained from studies in pediatric and neonatal populations, in which NGS allowed the detection of microorganisms in CSF samples despite the use of antibiotics before sample collection [134, 135].
Regarding fungal infections, the performance of NGS is still poorly studied; however, NGS has a lower diagnostic sensitivity than cryptococcal antigen detection in cases of cryptococcal infection in patients without human immunodeficiency virus infection, but the diagnostic sensitivity is significantly higher than that of India ink and fungal culture [136].
For suspected tuberculous meningitis (TBM), a retrospective study suggested that mNGS should not be used as rule-out test (negative predictive value, 69.7%), but NGS combined with Xpert or modified Ziehl-Neelsen staining may enhance the sensitivity of diagnostic tests for TBM [137]. A recent systematic review and meta-analysis showed a moderate sensitivity for the diagnosis of TBM, although the specificity was high. Therefore, NGS can be used as an early diagnostic method without disregarding the high heterogeneity of the analyzed studies [138]. Furthermore, according to the World Health Organization’s March 2024 recommendations for the use of tNGS for the drug susceptibility testing (DST) of smear-positive pulmonary samples, Kambli et al. [139] evaluated the possibility of using tNGS for the diagnosis of TBM directly using primary CSF samples; the results of their study were in concordance with previous studies that reported that Xpert mycobacterium tuberculosis / rifampicin (MTB/RIF) and Mycobacteria Growth Indicator Tube (MGIT) culture are more sensitive than tNGS for paucibacillary samples, such as CSF. However, tNGS has the potential for MTB detection with simultaneous assessment of mutations conferring resistance, with TAT of 3 days.
The TAT of NGS techniques is not inferior to that of standard diagnostic tools, especially culture, but it is longer than that of multiplex PCR arrays for community-acquired meningitis. The TAT of NGS techniques in the analyzed studies ranged from 6 h in the study on nanopore technology described by Pallerla et al. [140] to a maximum of 90 h reported in other studies [129, 139, 141].
In conclusion, although there are no randomized studies or assessable meta-analyses of clinical outcomes (such as mortality, hospital length of stay, and length of treatment), NGS techniques represent a useful diagnostic aid in conjunction with conventional microbiological testing. However, the results of NGS techniques must be interpreted carefully from a clinical perspective, considering the possibility of identifying potential contaminants or commensals that are not responsible for the ongoing infection [129, 131, 133]. 

Rationale Statement 13
There are limited reports on the use of digital PCR (dPCR) to diagnose CNS infections. However, a quantitative PCR assay for the detection of neurotropic viruses can be crucial for clinical decision-making—particularly in cases of suspected meningoencephalitis due to reactivation of latent viruses in immunocompromised or severely ill patients. In these scenarios, accurate quantification of viral copy numbers, including low viral loads, is especially relevant for guiding clinical reasoning, monitoring treatment effectiveness, and excluding potential blood contamination. This highlights the importance of sensitive and precise molecular tools such as dPCR in the clinical setting.
In a prospective study, a novel dPCR assay capable of identifying eight bacterial pathogens was validated using CSF from 69 children with bacterial meningitis. The findings indicated that dPCR can identify potential pathogens more effectively than traditional CSF culture. In addition, a higher bacterial load was associated with poor outcomes in children with bacterial meningitis [142]. For TBM, a dPCR assay targeting IS6110 demonstrated greater sensitivity than conventional microbiological methods, significantly enhancing the diagnosis in a cohort of 101 patients [143].
In a retrospective analysis of 97 CSF samples from patients suspected of having viral CNS infections, a novel ddPCR assay targeting four common viruses—enterovirus, parechovirus, HSV-1, and HSV-2—was compared with qPCR and reverse transcription qPCR. ddPCR exhibited comparable sensitivity to commercial qPCR/reverse transcription qPCR kits but detected more targets and offered superior quantitative accuracy, especially in low-concentration samples [144].
Lastly, some studies have focused on using ddPCR to quantify JC polyomavirus (JCPyV) DNA in CSF samples from patients with progressive multifocal leucoencephalopathy. A multiplex ddPCR assay was evaluated against the gold standard qPCR analysis, demonstrating that ddPCR can accurately quantify JCPyV DNA in clinical samples [145], particularly when CSF copy numbers fall below the qPCR detection limit [146]. This has significant clinical implications, as failure to detect JCPyV can delay diagnosis and treatment options [146]. Overall, dPCR outperformed qPCR in cases with low copy numbers in the CSF, thereby enhancing the identification rate.

Statement 14 Omitted

Rationale Statement 15
In advanced microbiology, preanalytical workflows are critical for ensuring accurate, reliable, and timely results. These workflows involve handling the specimens before they undergo analytical testing, including sample collection, transportation, processing, and storage. Ensuring robust preanalytical processes is vital for avoiding delays, contamination, or errors that could affect the outcome. Literature on this topic is extremely scarce and mainly focuses on BCs or point-of-care (POC) testing.
Anderson et al. highlighted how decentralized testing models have been explored after the COVID-19 pandemic. Five experts from different clinical settings and areas of expertise were asked to help laboratory professionals, clinical users, and administrators assess the potential clinical impacts of near-patient infectious disease testing. Although primarily centered on POC, the discussion was notably engaging as it comprehensively examined all the aspects of the two approaches and evaluated their pros and cons. A partial limitation of this study is that it focused on the United States healthcare system, which is slightly different from the European Union model [147].
In a review by Wang et al., it was indicated that clinical microbiology practice will follow the general trend in life sciences for large, centralized laboratories with the capacity to analyze large numbers of samples and perform a wide range of techniques. In contrast, rapid and on-demand testing is performed at POC based on relatively low-throughput testing. The authors concluded that further optimization and validation, new technologies, and studies are needed to determine the clinical and epidemiological impacts of different emerging POC tests [148].
Bianconi et al. highlighted genomic technologies in clinical microbiology, emphasizing the centralization of high-complexity tests [149].
[bookmark: _Hlk201237005]A study by Edgeworth highlighted that most pathogen sequencing is currently performed in academic or public health laboratories, but there may be advantages to moving the dominant sequence capability to a clinical laboratory. The conversion of laboratories to advanced Microbiology is likely beyond the budget or strategic scope of the diagnostic laboratory and will require leadership from the healthcare system to integrate infectious diseases. Paradoxically, countries with less developed microbiological infrastructure may benefit from the current laboratory model by rapidly and efficiently integrating pathogen sequencing into their future healthcare systems [150]. The publication of the UK Public National Health Service Improvement operational productivity and performance plan, which aimed at establishing new pathology networks across England by providing more responsive, top-quality, and efficient services by 2021, represents another example of consolidation upon healthcare reform [151]. Taking a hub-and-spoke approach to this consolidation can ensure an appropriate critical mass to support specialist diagnostics so that patients have equal access to key tests, and services are sustainable. Vandenberg et al. proposed the consolidation of laboratories, with a central laboratory comprising a clinical microbiology unit harboring all key technological facilities, including high-tech facilities for molecular testing, MALDI-TOF MS, NGS, cell culture laboratory for viral and intracellular bacterial detection, and one or more National Reference Laboratories. At the management level, there should be opportunities to reach out to external specialized facilities (WHONET, European Centre for Disease Prevention and Control) as well as all required information technology and informatics facilities. This central laboratory is linked to satellite laboratories that can vary in number and complexity but should be within relatively close proximity and focus only on rapid-response technology [152].

Rationale Statement 16
In a network utilizing advanced microbiological technology, clinical bioinformatics expertise is essential for interpreting the complex data generated and integrating it into clinical decision making. Given the growing role of genomic and bioinformatics tools in microbiology, this expertise should be multidisciplinary, bridging clinical microbiology, bioinformatics, and data science. Additionally, clinicians working in such networks must have basic training in understanding the clinical value of the advanced analytical data produced.
Bianconi et al. highlighted that whole-genome sequencing has ushered in a new era of high-resolution microbial genomics, enabling detailed analysis of genetic material within microbial populations. However, extracting meaningful insights from whole-genome sequencing data poses several bioinformatics challenges. Overcoming these challenges requires advanced analytical tools and appropriately trained personnel [149].
The paper by Greub et al. presented the ESCMID Postgraduate Technical Workshop “Clinical Bioinformatics for Microbial Genomics and Metagenomics,” held in Lausanne in September 2019, which aimed to address the growing need for training in this field. The workshop highlighted the importance of effective collaboration among trained experts in infectious diseases, microbiology, genomics, and bioinformatics, as well as the need to develop a shared language. It also emphasized that, due to the complexity of NGS analyses and their diverse applications in clinical microbiology, complex cases would benefit from being reviewed by interdisciplinary boards which should include clinical microbiologists, clinicians, hospital hygiene specialists, and clinical bioinformaticians, functioning similarly to molecular tumor boards that have been implemented in various hospitals worldwide [153].
[bookmark: _Hlk201168438]Finally, Killough et al. published a study (a Delphi process) aimed at advising public health authorities, commissioners, and healthcare providers about how pathogen genomics can be used in practice. Among the item discussed, there was a question about the need for public health authorities to ensure training for health protection, infection control, and clinical teams on the interpretation of sequencing results. The panel of experts concluded, with a 100% strong agreement, that the interpretation and analysis of pathogen genomics results require a multidisciplinary approach [154].
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