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 This article's goal is to examine the performance, 

advantages, and disadvantages of the new and 

existing microbiological methods that aid in the quick 

detection of bacterial infections in critically sick 

patients, as well as the data that is currently available 

to assess their clinical significance.  Significant 

morbidity and death are caused by bacterial 

infections and sepsis in patients hospitalized to the 

critical care unit, and the growing worldwide burden 

of antibiotic resistance makes managing these 

conditions even more difficult.  In this context, novel 

diagnostic techniques that can surpass the accuracy 

and turnaround time constraints of conventional 

microbiology are greatly needed. The optimization of 

current culture-based techniques, rapid antigen 

detection, nucleic acid detection (including multiplex 

PCR assays and microarrays), sepsis biomarkers, new 

techniques for pathogen detection (like T2 magnetic 

resonance) and susceptibility testing (like 

morphokinetic cellular analysis), and the use of direct 

metagenomics on clinical samples are some of the 

general topics we cover.  New "omics" technologies 

that measure the host response may also help identify 

non-infectious inflammatory states and help with 

early infection identification. Evidence regarding the 

practical effects of these assays on patient care is still 

lacking, despite the field's potential.  Studies that are 

now available have generally found that whether or 

not fast diagnostic techniques are incorporated into 

active antimicrobial stewardship programs has a 

significant impact on how well they work.  Large-

scale, carefully planned studies are needed to 
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overcome the difficult task of evaluating the effects of 

these new diagnostic techniques on patient-centered 

clinical outcomes. 

 

Introduction. Both adults and children hospitalized to the intensive care unit (ICU) 

frequently have bacterial infections.  Of 3147 patients in a cohort of 198 intensive care 

units across 24 European nations, 37.4% had sepsis, and 24.7% had sepsis when they 

were admitted.  These patients' infections are linked to high rates of morbidity, mortality, 

and expense.  Antibiotic use is also high due to infection concerns; in a global point-

prevalence survey, 70% of all intensive care unit patients were receiving at least one 

antibiotic on any given day.  Clinical care of bacterial infections requires the ability to 

quickly and precisely identify the culprit causing the infection.  Furthermore, fast 

antimicrobial susceptibility testing (AST) is becoming more and more crucial to guiding 

therapy as the global burden of antibiotic resistance increases. We urgently need 

diagnostic techniques that can assist rule out infection and identify non-infectious 

inflammatory states for which antibiotics are not necessary, especially in light of the need 

to reduce the overuse of antibiotics. The majority of the diagnostic techniques used today 

to identify bacteremia in patients who present with sepsis rely on the culture of blood 

microorganisms [1-6].  Nevertheless, in addition to being comparatively slow and time-

consuming, culture-based systems have several pre-analytical limitations that can impact 

performance, including insufficient blood volume collection, previous exposure to 

antibiotics, and delays in laboratory processing or transportation, particularly if 

laboratory facilities are located off-site.  Furthermore, it may take a few days to conduct 

susceptibility testing and conclusive identification of an organism, even after it has been 

grown. A common issue that can arise during blood culture (BC) collection is 

contamination, which can lead to improper antibiotic administration, skew clinical 

diagnosis, and expose patients to needless toxicities. Numerous infections are also picky 

eaters, making it difficult to cultivate them in conventional automated systems.  There are 

several new or developing technologies that have the potential to completely change the 

way microbiological diagnoses are carried out in the near future, even though clinical 

microbiology labs have historically relied on methods that haven't changed much over the 

years [7-10]. Ten years ago, mass spectrometry techniques were not commonplace in 

laboratories. However, with gradual improvements in turn-around times (TATs), 

accuracy, and cost savings, matrix-assisted laser desorption/ionization time-of-flight 

mass spectrometry (MALDI-TOF) has quickly supplanted traditional bacterial 

identification techniques in many labs. Reviewing the state of the art as well as new and 

developing technologies that could enhance our ability to quickly and accurately diagnose 

patients with sepsis and serious bacterial infections microbiologically is the goal of this 

essay. The diagnosis of many infectious disorders, such as sepsis, pneumonia, and culture-

negative endocarditis, is still challenging, despite the fact that the application of 

contemporary molecular and biochemical technology has enhanced the performance of 

many diagnostic modalities.  To enhance the detection of infectious diseases, new point-

of-care (POC) diagnostics are required, particularly in developing nations with 
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inadequate infrastructure and undertrained healthcare workers.  POC tests are intended 

to be utilized directly on-site and to yield quick results, allowing for better clinical 

outcomes and prompt clinical decision-making [11-15]. According to the World Health 

Organization (WHO), the perfect proof of concept test would meet the ASSURED 

requirements, which include being inexpensive, sensitive, specific, easy to use, quick and 

reliable, equipment-free, and deliverable to end users.  As a result, the tests can be used 

anywhere in the globe without the need for complex lab equipment, and even operators 

who lack a thorough understanding of the test concept can simply interpret the results. 

The technologies currently in use for bacterial illness detection and antibiotic resistance 

trends are highlighted in this article (Table 1 provides a comparative overview).  Results 

that highlight the necessity of contemporary diagnostic tools for detecting newly 

developing bacterial illnesses are provided [16,17,18]. 

The main purpose of the presented manuscript is to discuss measures to improve 

the diagnosis of bacteriological diseases based on reputable scientific research. 

 Traditional Microbiological Methods. The gold standard for detecting bacterial 

infections for almost a century was to grow the pathogens in cell culture and then evaluate 

them using biochemical techniques meant to identify different species and strains of 

microorganisms.  Cultivating bacteria is economical and typically yields a diagnosis with 

high specificity.  However, the turnaround periods for this method are lengthy (usually 

ranging from 24 to 72 hours for cultivation and another 18 to 24 hours for the isolates' 

biochemical characterisation).  These techniques, however, frequently lack sensitivity and 

produce errors related to collection conditions and specialized growth media 

requirements; this is especially restrictive when one must take infection with one or more 

picky microorganisms into account. The time required to identify a particular bacterial 

species is shortened from hours to a few minutes by using contemporary mass 

spectrometry techniques, such as matrix-assisted laser desorption ionization time of 

flight (MALDI-TOF).  However, bacterial culture is still a prerequisite for using MALDI-

TOF.  The inability to identify non-cultivable pathogen species is one of the main 

disadvantages of routine bacterial culture.  Therefore, further diagnostic techniques are 

required [12-20].  

How Should New Rapid Diagnostics' Clinical Utility Be Assessed? Although it is 

a crucial element, a test's increased utility cannot be demonstrated just by a decrease in 

turn-around time (TAT) in either identification or susceptibility data.  The sensitivity, 

specificity, type of result obtained, and confidence of the appropriate clinician acting upon 

the finding are additional criteria.  TATs and AMS results are perhaps only one aspect of 

a comprehensive evaluation of the significance and worth of quick diagnostic 

microbiological methods.  To assess several important clinical and procedural outcomes, 

including mortality, acute renal injury, duration of stay, and readmission, we require 

controlled trials or interrupted time series studies conducted over long periods of time 

[1-5]. A thorough cost-effectiveness analysis that evaluates not only hospital admission 

expenses but also the value of quality-adjusted life years (QALY) saved, the costs of 

laboratory implementation of RDT programs, and adjunct AMS programs would be 

excellent. 
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 Although there are several quasi-studies that have assessed AMS outcomes, many 

of which have included a variety of clinical or process outcomes, there is a dearth of high-

quality evidence in this area.  The Infectious Diseases Society of America (IDSA) guidelines 

reflect the most consistent, albeit not universal, finding that rapid technologies by 

themselves do not translate into better AMS outcomes, let alone improved clinical 

outcomes, without also integrating customized AMS support strategies. Extended service 

hours, alerting a member of the AMS team to crucial results, and other activities that 

enhance clinical engagement are examples of focused AMS techniques that have been 

tested to promote the adoption of RDT.  Improvements in de-escalation and appropriate 

antimicrobial usage are the most consistent results when these tactics are combined with 

RDTs; cost savings is the least represented.  Impact on clinical outcomes has varied greatly 

in studies measuring death, re-admission, and duration of stay [7-12].  

 
Figure 1 shows the average amount of time needed for methods currently used 

to diagnose bacterial infections [6]. 
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Although the causes have not been thoroughly investigated, other stewardship 

research suggests that they have to do with prescribing practices, a lack of familiarity, and 

a lack of expertise or expert knowledge regarding the actionability of RDT results. The 

institution's local antibiograms, patient complexity and strength of present AMS, and 

relationships with infectious disease and microbiology teams will all affect how well the 

benefits of introducing such services are demonstrated.  The expense of molecular 

technologies may be prohibitive for low- and middle-income countries with large 

frequencies of community multidrug-resistant organisms, but quick phenotypic testing or 

portable, low-footprint optical sensor techniques may be crucial [1,3,4,5]. 

POC Testing of Antimicrobial Resistance: Innovative and Fast Testing 

Methods.  Since antimicrobial resistance and susceptibility test findings are typically 

unavailable at the time of therapy initiation, antibiotic therapy is first empirical.  

Susceptibility profiles should ideally be accessible as soon as feasible, particularly while 

caring for patients who are in critical condition.  In order to provide MIC values in a 

multiplex mode for a large cohort of available antibiotics (the most promising and 

currently available approaches are illustrated), POC antimicrobial resistance tests must 

be affordable and primarily automated. They must also be able to handle small volumes 

of material to be tested. All of the previously stated approaches satisfy some of these 

requirements, but none of them are successful when all of these factors are taken into 

account.  Biosensors may shed light on different resistance mechanisms and use modest 

test quantities.  As a result, this technology may offer the possibility of combining sensitive 

and quick detection of genes linked to resistance with the potential to be employed alone 

or in conjunction with a POC test [3-9].  Electrochemical technologies, like EIS, can 

facilitate the direct, amplification-free, and label-free detection of blaNDM plasmid genes, 

including the New Delhi metallo-β-lactamase, by hybridization, according to Huang and 

colleagues.  To make it easier to find the resistance gene mecA, additional 

electrochemical-based tests have been created.  These tests do not identify antibiotic 

susceptibility, despite the fact that they offer quick identification of important resistance-

associated genes. While numerous efforts have been made to construct POC-AST devices, 

the majority of these approaches generally satisfy some of the previously listed 

requirements; nonetheless, none of these devices are currently completely suitable.  To 

create POC tests that are clinically useful, a variety of technologies as well as fresh 

concepts and tactics will be required [14-20]. 

Diagnostics at the Point of Care. The majority of the techniques covered so far 

necessitate a functional laboratory and at least some scientific knowledge and training.  

Higher complexity tests are often saved for labs with the necessary equipment, and only 

assays that are easy to use and have a minimal chance of producing inaccurate findings 

are typically authorized for POCT.  However, there is a delay and a certain amount of 

separation between the patient and the treating physicians when utilizing a laboratory-

based test.  This can cause significant delays for crucial tests like BCs or molecular 

diagnostics in geographically dispersed nations with isolated areas. As with the majority 

of other jurisdictions, POCT providers in Australia are required to follow specific 

guidelines that outline proper governance, test integrity maintenance, pre-, analytical, 
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and post-analytical error minimization, appropriate training, and competency 

assessment. All of these procedures are integrated into a strong quality management 

system.  Over time, these procedures have changed to guarantee that physicians can trust 

the test results they obtain.  For the precise diagnosis of bloodstream infections and the 

majority of other serious illnesses, there is currently no POCT available [11-15].  There is 

some promise for the future thanks to technical advancements like microfluidic devices 

that can combine signal creation and sampling handling in a POCT context, maybe with 

the use of testing platforms like nucleic acid analysis or "on-chip" immunoassays. All of 

the essential procedures of molecular detection, including cell lysis and extraction, nucleic 

acid purification, amplification, and reaction product detection, can theoretically be 

included in such technology.  Multiplexing to facilitate high-throughput testing within a 

single portable device may also be made possible by such miniaturization.  Although the 

design, construction materials, and sensing technologies of such devices are the subject 

of extensive pre-clinical study, no commercial products are yet prepared for clinical 

review [6-10]. 

Discussion. Effective treatment of infections, which are becoming a bigger issue in 

intensive care medicine, depends on the quick and accurate identification and 

characterisation of microorganisms and patterns of antibiotic resistance.  In terms of 

turnaround times and general efficacy, the current state of affairs is still far from ideal.  

The patient prognosis is worse and the development of resistance mutants is further 

accelerated by the application of an inadequate antimicrobial agent or the needless use of 

broad-spectrum antibiotics.  Here, we present an overview that takes into account the 

underlying molecular principles and technologies as well as an assessment and 

comparison of the current methods for diagnosing bacterial infections. Particular focus is 

given to recent findings that could result in major advancements in the diagnosis and 

point-of-care detection of multi-resistant bacteria, as well as fresh approaches that could 

steer antibiotic treatment. Significant advancements have been made in the creation of 

technologies for infectious illness detection in recent years.  The field of infectious disease 

diagnostics has undergone a revolution thanks to culture-independent techniques like 

NATs and NGS-based tactics, which offer quick results and make it easier to identify 

pathogens that cannot be grown.  There are still issues that need to be resolved in spite of 

these remarkable technological advancements.  Only a small number of diseases now have 

approved molecular testing accessible, and these diagnostics are also significantly 

underutilized [3-12].  Slow response times, subpar test results, restricted access to testing 

materials, and expensive costs are some of these tests' main drawbacks. The perfect 

diagnostic test would be affordable, precise, simple to use with universally accessible 

equipment and resources, yield results quickly without requiring prior knowledge of the 

likely causal agents, and direct the right antimicrobial therapeutic alternatives.  LFIAs, 

biosensors, and paper-based NAT devices are among the POC tests that show a great deal 

of promise in meeting all of these needs.  The tests that are currently available, meanwhile, 

are far from perfect in terms of these detection tactics. Antibiotic-resistant infections will 

become more common and complicated in the upcoming years, which will present a 

greater challenge to healthcare systems around the globe.  Culture-based techniques are 
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still widely used today for testing for antibiotic susceptibility as well as phenotypic 

characterisation. However, in order to provide appropriate isolation and treatment 

strategies for infected individuals, one will need to receive results immediately, therefore 

faster approaches will be required, especially those aimed at identifying microbial 

antibiotic resistance.  By reducing the use of poor and partially effective antimicrobial 

medicines and lowering the chance of drug-resistant pathogens emerging, faster testing 

would improve patient outcomes. In conclusion, there is still a significant need for novel 

diagnostic approaches and alternatives to be used to the identification of pathogens and 

the description of bacterial illnesses.  When used to the development of new infectious 

disease diagnostics, emerging methods such as host-based diagnostics, synthetic biology 

(e.g., phage-based diagnostics, CRISPR and Cas systems), and those based on artificial 

intelligence and machine learning have the potential to expand our knowledge and 

capacities [13-17]. 

Conclusions. There is currently little data regarding the practical effects of these 

assays on patient care, despite the field's promise.  The effectiveness of fast diagnostic 

techniques is largely dependent on whether or not they are incorporated into active 

antimicrobial stewardship programs, according to a general conclusion of the research 

that are currently available.  The evaluation of the effects of these new diagnostic 

techniques on patient-centered clinical outcomes is a difficult task that requires extensive 

and carefully planned research. 

Numerous new microbiological techniques are probably going to improve our 

ability to quickly and precisely identify germs in patients who are in severe condition.  To 

clarify their function in enhancing the treatment of severe infections, however, carefully 

planned research evaluating important clinical outcomes is required. 

To summarize, new diagnostic alternatives and diagnostic procedures are still 

needed in significant quantities for the identification of pathogens and the description of 

bacterial diseases.  The development of new infectious disease diagnostics could benefit 

from the application of emerging approaches such as host-based diagnostics, synthetic 

biology (e.g., phage-based diagnostics, CRISPR and Cas systems), and those based on 

artificial intelligence and machine learning. 
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