Chelonian Conservation And Biology @ CrossMark

Vol. 17No.2 (2022) | https://www.acgpublishing.com/ | ISSN - 1071-8443

DOI:doi.org/10.18011/2022.04(1) 982-993

CRITICAL ANALYSIS ON VALIDATION OF A NEW METHOD FOR DETECTING
MICROBIAL RESISTANCE TO ANTIBIOTICS IN CLINICAL SPECIMENS

HAMAD OWAYDHAH SALEH ALRABIE
Ministry of Health, Saudi Arabia
hoalrabie@moh.gov.sa

SALEM ALI ALMUHAYD
Ministry of Health, Saudi Arabia
Saalmuhayd@moh.gov.sa

MOHAMMED YHAYA ALSHIBAN
Ministry of Health, Saudi Arabia
myshiban@moh.gov.sa

JAFAR HASSAN MOHAMMED ALMAKRAMI
Ministry of Health, Saudi Arabia
JHAImakrami@moh.gov.sa

IBRAHIM MOHAMMED NASSER AL ZARAR
Ministry of Health, Saudi Arabia
lalzurur@moh.gov.sa

YOUSSEF MUHAMMAD NASSER AL ZAARAR
Ministry of Health, Saudi Arabia
YALZURUR@moh.gov.sa

NASSER SALEM ALI AL KHURAYM
Ministry of Health, Saudi Arabia
Nalkhuraym@moh.gov.sa

BADIE DIFALLAH QASSIM AL MASHHAM
Ministry of Health, Saudi Arabia
BAIMushahhim@moh.gov.sa

ABSTRACT

Validation of new means of microbial resistance to antibiotics in clinical specifications is
essential for the appropriate and timely diagnosis of infections. This paper takes a critical look at
the validation steps involved in interpreting such methods, highlighting the key aspects and
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difficulties they pose as well as impacting clinical practices. This study, through a review of
adequate literature and research, intends to demonstrate the indispensability of a foolproof
validation process in improving the performance and applicability of antimicrobial resistance
testing techniques.

Keywords: validation information, microbial resistance, drug selection, clinical specimens,
diagnosis, and treatment.

INTRODUCTION

MIC resistance underscores a very serious global health issue that has an effect on fatalities,
higher morbidity, and healthcare expenses. The timing and efficacy of protagencive microbial
resistance are among the primary components in the course of decision-making, which involves
providing clinicians with the best possible antibiotics, leading to their proper administration.
Moreover, the value of the new innovations, which is their ability to detect resistant microbes
within clinical specimens, is quite important as it helps in ensuring the accuracy and reliability of
diagnostics within healthcare settings. This article is a valid approach for assessing the process of
validation that happens to such methods by analyzing the key factors, encountered challenges,
and their impact on healthcare practice (Abdou Mohamed et.,al 2021).

Guaranteeing the precision and dependability of diagnostic testing procedures becomes a priority
constraint in fighting the microbial resistance threat. It is a proving ground to show how well the
new methods meet all the performance criteria, thus improving the prospect that they will be
approved for clinical use. The cornerstone of the validation process includes parameters such as
sensitivity, specificity, accuracy, precision, and replicability to analyze the reliability and
applicability of the predictive model. The following parameters play a critical role in the
accuracy of a method used in the detection of microbial resistance, which in turn is decisive for
the clinic staff to prescribe antibiotics appropriately.

The availability of standardized references calls attention to the fact that this may have some
consequences, where variability results in test outcomes being different and the comparison
between the laboratories is hindered. The growing resistance mechanisms pose a menacing
problem, and the authorities are always in search of solutions to cope with the dynamic changes.
The way forward will be through methodical study design, sound data handling, and working
together in groups of researchers, clinicians, and regulatory bodies to agree on which assistance
the validation process can get(Reynoso et.,al 2021).

The connotations of validation for this particular clinical practice as a whole are great and
profound. The timely and exact detection of microbial resistance plays a significant role in
selecting the proper antibiotic treatment, therefore increasing treatment success and preventing
resistant markers from being widely disseminated. Getting powerful testing methodologies
demonstrates a big potential for improving diagnostic acuity and opens up new ways for a truly
personalized medicine approach based on each patient's genomic profile. Besides, tested
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techniques are of paramount importance to disease-control policies in healthcare settings, which
results in the minimization of spreading resistant microorganisms and improving the safety of
patients.

In the role of guidelines, the regulatory authorities supervise the validation process, and the
implementation of standards is guaranteed. As regulatory bodies work hand in hand with
researchers and clinicians, they define rigorous validation process standards and test a new
technique to assess its risk-benefit ratio. Such collaboration is also very essential in guiding
through the regulatory decision process so that verified methods can be promoted easily and end
up being incorporated into the daily routine of medical practice (Ferreira et.,al 2020).

Ultimately, the vindication of the new procedure of revealing microbial resistance in clinical
specimens is irreplaceable in the battle against the inordinate difficulty associated with antibiotic
resistance. Clinicians can achieve this by applying their classification of the characteristics of
these approaches to select the most appropriate treatment method, ensure the best possible
patient outcomes, and avoid any possible risks to public safety by applying patient selection and
the implementation of suitable precautions. The only way one can overcome the obstacles
associated with validation is by joining efforts at all levels of health care. Thus, the crucial roles
of collaboration and standardization, as well as regulatory bodies, become obvious in this
context.

Importance of Validation

Validation, which is often termed a main factor in diagnostics for accuracy and reliability, should
play a significant role in the methods used in the process, and this may include the testing of
microbial resistance against antibiotics in clinical specimens. It is a system that comprises logic
and the structure of assessment used to make sure that the new method for finding out about
medical conditions is working well. Section 3 focuses on the importance of validation, which
acts as a bridge in ensuring the safety of patients as well as guiding treatment decisions.

In the end, validation is all about ensuring that tests or techniques that are diagnostically
employed are performed precisely and reliably correctly all the time so that physicians may make
appropriate treatment selections pertaining to patient care. This procedure entails the evaluation
of different performance features that allow us to conclude if that method is effective and reliable
enough for detecting microorganism resistance development. The assessed parameters during
calibration comprise sensitivity, specificity, accuracy, precision, and reproducibility.

Detecting sensitivity means establishing the true status of the patient (s) who proliferate the
microbial strains that are resistant to antibiotics. A test that is highly specific with regard to the
identification of resistance will ensure that no false-negative results occur. What concerns
specificity, however, is that the test needs to very likely identify the people who have the disease
and thus reduce the rate of false-positive cases(Serpaet.,al 2022).
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Accuracy involves how much of the test is consistent with the gold standard, which includes both
sensitivity and specificity. This ratio is considered a measure of how well the test works in
relation to the patient's true status. This criterion involves the overall dependability and
consistency of readings obtained on the same sample through repeated testing. A specific test
would be squarely similar when repeated testing is done, and it will also reduce variability, hence
increasing confidence in the result's reliability. Reproducibility evaluates if the obtained
conclusions are coincident with the results when the procedure is performed by various operators
or under different laboratory circumstances.

In the frame of microbial resistance detection to antibiotic drugs, validation assumes the reliable
detection of the bacteria-resistant strains and enables the doctors to prescribe adequate antibiotic
treatment correspondingly to the predominant bacterial pathological condition. A process that
nutrition screening and assessment for non-nutrition health care providers entails involves
evaluation of the accuracy, reliability, and appropriateness of the assessment method. This
guards against false positive and false negative results and, therefore, renders the method reliable
and error-proof.

Figure: Importance of Validation in Microbial Resistance Detection for Antibiotic
Treatment

Drug-target interactions . Stress responses
Heteroresistance

Resistance Tolerance
Target Drug Aneuploidy e Bf ey
8 X ‘LSS i (
Point mutations CNVs Lo ¥ h'ftg
sNITts
LOH
Drug Target Efflux
target regulation  regulation
v -
TOR pathway
Increased  Reduction of Gene Cell wall and
Decreasa content of the intracellular dosage Allele-specific membrane integrity Protein Mitochondrial
binding activity target effective drug effects phenotypes pathways (ranslatrion activity
’ * regulation modification
2 .
Stress adaptation
t Biofilms

Sequestration of the drug in extracellular Altered cellular metabolism

matrix

(Dietvorstet.,al 2020).

The validation also presents a critical safety measure for test diagnosis, and thus, a boost of
confidence in the accuracy of such testing becomes achievable. It guarantees that the diagnosis
results from diagnostic tests can be trusted by healthcare professionals who would use them to
formulate clinical decisions, hence leading to effective treatment and lowering cases of adverse
events that occurred due to misdiagnosis or inappropriate intervention.
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Validation is crucial for medical diagnostics, and the area where antibiotic resistance is of certain
concern is microbial detection. Through validation, which confirms the exactness, reliability, and
performance of the diagnostic methods, clinicians have confidence that those trustworthy tests
can help them make appropriate and effective decisions centred on patients. Working out
carefully for performance aspects, validation delivers patient treatment as safe and highly
accurate and achieves the best clinical effects in pathological practice (Dietvorstet.,al 2020).

CHALLENGES IN VALIDATION
Lacking a standardized reference method is the basic requirement.

One of the biggest problems in developing uniform reference methods for the detection of
resistant microorganisms is the lack thereof of standardized reference methods. There is no
equivalence or benchmark with which an evaluation can be compared with an existing one with
an existing method of validation; thus, the validation process becomes challenging. The
methodological variation among labs and institutions makes the problem even more complicated,
which makes it hard to compare without clearly defining standard procedures and reference
methods.

Variability in Test Conditions

One more crucial problem that faces this technology is the variability of clinical settings in
which so-called tests are not held under the same conditions. Factors, e.g., the methods of sample
collection, the storage conditions, or the laboratory protocols, can be among the factors able to
determine the diagnostic test validity for antimicrobial resistance. The pass/fail criteria may
differ from one jurisdiction to another, which could result in test errors, thus slowing down the
approvability of the new research. This could compromise the validity of the new method. To
address this challenge, experts must pay attention to test standardization and common procedures
for all the sites where patients have to undergo the examination.

Figure :Clinical challenges in antimicrobial resistance | Nature Microbiology
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(Gajic et.,al 2022).
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Decoding of New Resistance Mechanisms.

The development of new mechanisms of resistance becomes a continuous obstacle to
determining their eventual validity. New technologies and diagnostic methods are constantly
striving to break the pathogen evolution pattern and develop novel mechanisms of resistance,
leading to outdated or ineffective diagnostic methods. It’s going to be necessary to continually
update methods for detecting such novel resistance mechanisms with the help of monitoring
disease patterns and anticipating emerging threats. Collaboration among researchers, clinicians,
and public health agencies to track resistance trends and devise solutions viable for current
challenges should be highly developed(Gajic et.,al 2022).

STRATEGIES FOR OVERCOMING CHALLENGES
Careful Study Design

Strictly designed studies provide enough evidence for validation studies to be dependable and
consistent. To guarantee study success, clear inclusion and exclusion criteria, standard testing
protocols, and proper sample size, to mention but a few, should be essential ingredients of study
design.

Robust Data Analysis

This is a specific data analysis that highlights the merits and demerits of a new technique in
establishing its true performance capacity. Statistical measures like sensitivity, specificity,
positive predictive, and negative predictive values should be used to assess the effectiveness of
the method and the quality of its results.

Collaboration Among Stakeholders

Coordination between scientists, medical doctors, lab operators, and regulatory bodies must be
one of the strategies employed to overcome the problem of the validation of new technologies
for the detection of resistance development. By combining financial, intellect, and experience
sources, the cooperation of the stakeholders will lead to the elimination of barriers and the
credibility of the establishment of diagnostic tools.
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Figure :Antibiotics | Free Full-Text | Progress in Alternative Strategies to Combat
Antimicrobial Resistance:
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(Rentschleret.,al 2021).

Eventually, proving the viability of new protocols for detecting microbial resistance is exposed
to some substantial obstacles, such as the prevailing lack of standardized reference methods,
variation while the tests are being carried out, and the continuous emergence of new resistance
mechanisms. Nonetheless, through the use of meticulous experiment design, true handling of
data, and cooperation among the stakeholders, these issues can be addressed rigorously.
Conquering these obstacles is not something you should do to make sure that diagnostic tests for
microbial resistance work unerringly, unquestionably, and clinically relevant, and, as a result, it
will allow physicians to improve patients’ outcomes and prescriptions(Rentschleret.,al 2021).

IMPLICATIONS FOR CLINICAL PRACTICE
Guiding Antibiotic Therapy Decisions

Valued preparation techniques for identifying microbial resistance have a direct bearing on the
decision to prescribe the antibiotic during the course of treatment in real clinical settings.
Through precise diagnosis of pathogens, including the rates at which these pathogens respond to
antibiotics, clinicians can develop tailored treatment protocols to ensure that treatments hit the
mark. For example, a method validated can prove that a patient infection is caused by drug-
resistant bacteria strains, forcing the physicians to adopt a treatment similar to antibiotics,
making them more likely to be effective. In stark contrast, if a pathogen requires a specific
antibiotic, doctors may readily prescribe it, knowing that it will succeed, versus having to
possibly resort to other methods.

Optimizing patient outcomes

Assessment of microbial drug resistance using authenticated methods can lead to better patient
outcomes through the delivery of precise and on-time measures for fighting infections. The
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judicious selection of effective antibiotics based on accurate susceptibility test outcomes helps to
forestall treatment failure, complications, and even adverse drug reactions, which can be
possible. This approach not only has therapeutic aims but also serves the common goal of
community health by diminishing the spread of resistant infections, which leads to the saving of
antibiotics for future generations.

Non-transfer of Methicillin-Resistant Staphylococcus aureus (Msra) Viruses.

Finally, accurate methods of detecting microbial resistance would serve not only the purpose of
providing guidance and making optimal treatment decisions for patients but also the objective of
preventing the circulation of resistant pathogens and infection in healthcare institutions. In a
matter of minutes, the molecular characteristics of microorganisms responsible for diseases can
be identified, which gives the opportunity to take surgical measures in a timely manner, such as
isolation and tailored antibiotic stewardship. Through measures of containment-resistant
organisms, community health facilities can decrease the risk of healthcare-associated infections
and outbreaks, thus saving the lives of both patients and their caregivers.

REAL-WORLD EXAMPLES

Practical cases and case studies, in addition to substantiated implementations of methods in
clinical practice, drive home the message regarding the necessity of validated methods for
clinical practice. For example, the hospital environment enables the detection of Metyllin-
resistant Staphylococcus aureus (MRSA), which enables doctors to quickly locate people
carrying the resistant bacteria and put them in segregation before the bacteria is transmitted to
other patients. In addition, in a community environment, a functioning approach for detecting
antibiotic-resistant strains of Streptococcus pneumoniae allows primary care providers to provide
patients with suitable antibiotics for patients with pneumonia, thereby reducing the chances of
treatment failure as well as the incidence of complications(Magnano San Lioet.,al 2023)..

In summation, there is an impact on clinical practice when specific and effective techniques for
recognizing microbial resistance are developed since they can influence therapy options for a
narrow choice of antibiotics, help in better resolution of patient cases, and limit the spread of
pathogens that are more antibiotic-resistant. In vivo, application of these methods shows without
a doubt that they are the most important healthcare tactic that doctors use to make medicines
work and guarantee high-quality patient care.

CONCLUSION

In addition, it is also noteworthy that the proper validation of the new technique for detecting
antibiotic resistance of microbes in clinical samples must be made to ensure the proper antibiotic
treatment is given to the patient. The validation phase is devising methods for standardized
testing and deriving clinical applications for specific methods. The instability of test settings, the
zero existence or limited availability of reference standards, and the robust validation process are
the three constraints for high performance of antimicrobial resistance testing. They consider that,

Chelonian Conservation and
Biologyhttps://www.acgpublishing.com/



990 CRITICAL ANALYSIS ON VALIDATION OF A NEW METHOD FOR DETECTING MICROBIAL RESISTANCE TO ANTIBIOTICS IN CLINICAL SPECIMENS

although not at any cost, the validation of the methods is an obligation to the quality and
usefulness of the methods of testing for antimicrobial resistance. By sharing resources with
clinical or regulatory medicines and research agencies then, their time can be accelerated so they
can arrive at suitable methods that will be validated.

RECOMMENDATION

v’ Standardization of reference methods: To succeed in comparing the applied performance
attributes of not-tested methodologies, standardizing standards settings and ensuring
reference materials' reliability may be good that the different laboratories will generate.

v" Collaboration and data sharing: Publicizing open teamwork among research, clinical, and
regulatory body members and giving awards for the efficiency of information exchange
will help reduce the gaps in testing conditions and slow the evolution of new resistance
mechanisms(Vasalaet.,al 2020)

v Regulatory oversight: Checking observance of regulatory supervision and standards of
diagnostic tests should be ensured for apparent reliability, broad usage of upgraded
techniques in units, and erosion of a confidence barrier.

v" Continued research and innovation: Maintaining the stability of research and innovation
of diagnostics in the field of antimicrobial resistance could be critical to the overall
success through the creation of an efficient prescriptive method that is both speedy and
has assured outcomes that would ultimately be commended in patient outcomes as well
as public health.
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