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ABSTRACT

Medical laboratory services are an essential component of modern healthcare, providing important information for disease
diagnosis, treatment, monitoring and prevention. Medical Laboratory Technologists (MLTs) play a vital role in the
laboratory testing process, including specimen handling, laboratory analysis, quality control, result verification and
maintenance of laboratory safety. With the rapid development of automation, molecular diagnostics, point-of-care testing,
laboratory information systems and artificial intelligence, the responsibilities of MLTs are continuously evolving. This
review discusses the changing role of Medical Laboratory Technologists in modern healthcare, with particular emphasis
on diagnostic services, quality assurance, patient safety, technological advancement and professional development. It also
highlights major challenges faced by laboratory professionals, including technological changes, skill gaps, workload and
the need for continuous professional education. The review emphasizes that modern laboratory professionals require not
only technical laboratory skills but also knowledge of digital technologies, quality management, data interpretation and
multidisciplinary healthcare practice. Strengthening professional education and continuing competency development will
be essential for preparing Medical Laboratory Technologists to meet the future demands of healthcare.
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INTRODUCTION

Laboratory medicine is an essential component of modern healthcare because laboratory investigations provide important
information for the diagnosis, treatment and monitoring of diseases. Clinical laboratory results help healthcare
professionals make appropriate decisions regarding patient management and follow-up. Therefore, the accuracy,
reliability and timely availability of laboratory results are important for ensuring quality patient care. [1]

Medical Laboratory Technologists (MLTs) are important members of the healthcare team who contribute to different
stages of the laboratory testing process. Their responsibilities may include specimen collection and handling, laboratory
analysis, quality control, equipment operation, result verification and maintenance of laboratory safety. Depending on
their area of practice, MLTs may work in clinical biochemistry, haematology, microbiology, immunology, transfusion
medicine, histopathology and molecular diagnostics. Their work contributes to the generation of reliable laboratory
information that supports clinical decision-making and patient care. [2]

The role of Medical Laboratory Technologists has changed considerably with the rapid development of healthcare
technologies. Modern clinical laboratories increasingly use automated analytical systems, molecular diagnostic
techniques, laboratory information systems, point-of-care testing and digital technologies. These developments have
improved laboratory efficiency and expanded diagnostic capabilities, but they have also created a need for laboratory
professionals to develop new technical and digital competencies. As laboratory technology continues to advance, MLTs
are increasingly required to perform responsibilities beyond conventional laboratory testing. [3,4]

In this context, understanding the evolving professional role of Medical Laboratory Technologists is important for
ensuring effective and high-quality laboratory services. The present review aims to discuss the changing responsibilities
of MLTs in modern healthcare, with particular emphasis on diagnostic testing, quality assurance, patient safety,
automation, molecular diagnostics, artificial intelligence and professional development. The review also highlights the
major challenges faced by laboratory professionals and discusses future opportunities for strengthening the role of MLTs
in the healthcare system.

2. LITERATURE SEARCH METHODOLOGY

A narrative literature search was conducted to identify relevant published studies and review articles related to the role of
Medical Laboratory Technologists in modern healthcare. Literature was searched using electronic databases including
PubMed, Google Scholar and Scopus. The search focused on publications related to medical laboratory technology,
laboratory medicine, medical laboratory professionals, quality assurance, patient safety, automation, molecular

Genetics and Molecular Research 25 (17s): 2026 1



diagnostics, laboratory information systems, point-of-care testing and artificial intelligence. Greater emphasis was given
to recent literature published between 2020 and 2026, while older publications were considered when they provided
important foundational information. Articles relevant to the professional responsibilities, technological developments,
challenges and future perspectives of Medical Laboratory Technologists were considered for inclusion. The identified
literature was reviewed and thematically organized according to the major areas discussed in this review.

3. Evolution of Medical Laboratory Technology

Medical laboratory technology has evolved significantly over the past several decades. Earlier laboratory practice
depended largely on manual procedures such as microscopy, manual cell counting, culture techniques and basic
biochemical reactions. These methods required considerable technical skill and were often time-consuming. The
introduction of automated analyzers and computerized laboratory systems subsequently improved testing capacity,
standardization and turnaround time. More recently, molecular diagnostic techniques, advanced automation, laboratory
information systems and digital technologies have further expanded the capabilities of clinical laboratories. This
continuous technological development has transformed laboratory practice and has also changed the knowledge and skills
required from Medical Laboratory Technologists. [3,5]

The transformation of laboratory technology can be broadly understood as a progression from conventional manual testing
to automated, molecular and digitally integrated laboratory practice. Automation has reduced the need for repetitive
manual procedures and increased the efficiency of high-volume testing. Molecular diagnostics have introduced highly
sensitive methods for detecting nucleic acids and genetic targets, while laboratory information systems have improved the
management and communication of laboratory data. More recently, artificial intelligence and machine learning have
emerged as potential tools for laboratory workflow optimization, data interpretation and quality improvement. These
developments have not eliminated the need for laboratory professionals; rather, they have shifted professional
responsibilities toward technology management, quality assurance, troubleshooting, data interpretation and continuous
professional development. [5,6]

4. Role of Medical Laboratory Technologists in Modern Healthcare

Medical Laboratory Technologists play an important role in supporting the diagnostic process and are involved in different
stages of laboratory testing. Their responsibilities extend from specimen collection and handling to analytical testing,
quality control, result verification and documentation. Depending on their area of specialization and workplace, MLTs
may work in clinical biochemistry, haematology, microbiology, immunology, transfusion medicine, histopathology,
cytology and molecular diagnostics. Their technical competence and adherence to laboratory procedures are essential for
producing accurate and reliable laboratory results. [1,2]

4.1 Pre-analytical Phase

The pre-analytical phase includes all activities that occur before the actual analysis of a patient specimen. Medical
Laboratory Technologists contribute to this phase through appropriate specimen identification, collection, labelling,
transportation, storage and preparation. They must ensure that specimens meet the laboratory's acceptance criteria and are
suitable for the requested investigation. Incorrect patient identification, improper collection, inadequate sample volume,
hemolysis, contamination and inappropriate transportation or storage can adversely affect laboratory results. Therefore,
careful management of the pre-analytical phase is essential for maintaining laboratory quality and patient safety. [7]

4.2 Analytical Phase

The analytical phase involves the actual examination of patient specimens using appropriate laboratory methods, reagents
and instruments. Medical Laboratory Technologists are responsible for performing laboratory investigations according to
established standard operating procedures and maintaining the required quality standards. Their responsibilities may
include operating analytical instruments, preparing reagents, performing internal quality control, identifying analytical
errors and ensuring appropriate instrument performance. Depending on their area of practice, MLTs may perform
investigations in haematology, clinical biochemistry, microbiology, immunology, transfusion medicine and molecular
diagnostics. Accurate analytical performance is essential because errors during this phase can directly affect the reliability
of laboratory results and subsequent clinical decisions. [2,8]

4.3 Post-analytical Phase

The post-analytical phase begins after completion of laboratory testing and includes result verification, interpretation of
analytical flags, reporting, documentation and communication of important findings according to established laboratory
policies. Medical Laboratory Technologists contribute to this phase by reviewing results for technical consistency,
identifying potential errors and ensuring that validated results are appropriately documented and reported. In laboratories
using electronic information systems, MLTs may also be involved in electronic result entry, verification and
communication. Appropriate management of the post-analytical phase is important because incorrect reporting or failure
to communicate significant laboratory findings may affect subsequent clinical decision-making. [9]

5. Quality Assurance and Patient Safety

Quality assurance is a fundamental component of modern laboratory practice because the reliability of laboratory results
directly influences patient care. Medical Laboratory Technologists contribute to quality management throughout the total
testing process, including specimen handling, analytical testing and result reporting. Their responsibilities may include
internal quality control, external quality assessment, equipment calibration and verification, reagent monitoring,
maintenance of standard operating procedures, documentation and identification of non-conformities. Effective quality
management helps to identify errors, improve laboratory performance and promote patient safety. [1]

Genetics and Molecular Research 25 (17s): 2026 2



5.1 Internal Quality Control and External Quality Assessment

Internal quality control (IQC) and external quality assessment (EQA) are important components of laboratory quality
management. IQC is used to monitor the consistency and reliability of analytical performance within a laboratory, whereas
EQA provides an external assessment of laboratory performance through comparison with established standards or other
participating laboratories. Medical Laboratory Technologists are involved in performing and monitoring quality-control
procedures, identifying unacceptable results, investigating possible causes of errors and taking appropriate corrective
actions. Regular participation in quality-assurance activities helps laboratories maintain reliable analytical performance
and identify opportunities for continuous improvement. [1]

5.2 Laboratory Errors and Patient Safety

Laboratory errors can occur during the pre-analytical, analytical and post-analytical phases of the testing process. Pre-
analytical problems may include incorrect patient identification, inappropriate specimen collection, hemolysis, insufficient
sample volume and improper transportation or storage. Analytical errors may result from instrument malfunction, reagent
problems, calibration issues or inappropriate testing procedures. Post-analytical errors may involve incorrect result entry,
reporting or communication. Medical Laboratory Technologists have an important role in identifying, preventing and
documenting such errors. A systematic approach to error detection and corrective action can improve laboratory quality
and contribute to patient safety. [2]

6. Biosafety and Infection Control in Clinical Laboratories

Clinical laboratories handle a wide range of biological specimens, some of which may contain potentially infectious
microorganisms. Therefore, biosafety and infection-control practices are essential components of professional laboratory
practice. Medical Laboratory Technologists should follow appropriate standard precautions during specimen collection,
processing, testing and disposal. Important practices include the appropriate use of personal protective equipment, safe
handling of sharps, prevention of specimen contamination, proper disinfection, spill management and appropriate
biomedical waste disposal. Regular training and strict adherence to laboratory safety procedures can reduce occupational
exposure and protect laboratory personnel, patients and the surrounding environment. [10]

The WHO Laboratory Biosafety Manual, fourth edition, emphasizes a risk- and evidence-based approach to laboratory
biosafety, including risk assessment, appropriate safety measures, training, good microbiological practices and incident
management.

7. Molecular Diagnostics and the Modern Role of Medical Laboratory Technologists

Molecular diagnostics has become an important component of modern laboratory medicine and has expanded the range
of diagnostic tests available to healthcare professionals. Techniques such as polymerase chain reaction (PCR), real-time
PCR, nucleic acid amplification and sequencing can be used for the detection and characterization of infectious agents,
genetic abnormalities and other clinically important targets. Medical Laboratory Technologists working in molecular
diagnostic laboratories require knowledge of nucleic acid extraction, amplification principles, contamination prevention,
quality control and interpretation of molecular test results. The increasing use of molecular technologies therefore requires
MLTs to develop specialized technical competencies in addition to conventional laboratory skills. [4]

8. Automation in Clinical Laboratories

Automation has become an important feature of modern clinical laboratories, particularly in laboratories with a high
volume of diagnostic testing. Automated systems can improve workflow efficiency, increase analytical throughput, reduce
repetitive manual activities and promote greater standardization of laboratory procedures. However, automation does not
eliminate the need for skilled Medical Laboratory Technologists. MLTs remain responsible for operating and monitoring
laboratory instruments, performing quality-control procedures, identifying technical problems, responding to instrument
errors and managing samples that require manual intervention. Therefore, the increasing use of automation is changing
the nature of laboratory work rather than completely replacing the role of laboratory professionals. [3]

9. Artificial Intelligence in Laboratory Medicine

Artificial intelligence (Al) is emerging as an important technology in modern laboratory medicine. Al and machine
learning can potentially be applied across different stages of the laboratory testing process, including workflow
optimization, data analysis, quality monitoring, image interpretation and clinical decision support. These technologies can
process large amounts of laboratory data and identify patterns that may be difficult to recognize through conventional
approaches. However, the current implementation of Al in clinical laboratories remains limited, and challenges include
cost, data quality, validation, accuracy, interoperability and the need for appropriate human oversight. Therefore, Medical
Laboratory Technologists will need to develop a basic understanding of Al and its applications while continuing to play
an important role in validating and interpreting laboratory information. [5,6,12]

Recent literature describes Al as a rapidly developing area of laboratory medicine, while also highlighting implementation
barriers and the continuing importance of human oversight.

9.1 Benefits and Challenges of Artificial Intelligence

Artificial intelligence may provide several potential benefits to clinical laboratories. It can assist in processing large
volumes of laboratory data, identifying patterns, optimizing workflow and supporting quality-control activities. Al-based
systems may also help reduce repetitive tasks and support laboratory professionals in managing complex information.
However, the implementation of Al also presents important challenges. These include the need for high-quality and
representative data, appropriate validation, interoperability between systems, data privacy, financial investment and
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trained personnel. In addition, Al-generated outputs may contain errors and therefore require appropriate human review
and professional oversight. Current evidence suggests that although Al has considerable potential in laboratory medicine,
its routine clinical implementation remains limited. [6,11]

10. Laboratory Information Systems and Digitalization

Laboratory Information Systems (LIS) have become an important component of modern clinical laboratories. LIS can
support the management of laboratory workflows, specimen information, test results and electronic reporting. Integration
of LIS with laboratory instruments and other healthcare information systems can improve data accessibility, workflow
efficiency and communication of laboratory results. However, effective digitalization requires appropriate infrastructure,
interoperability, data security and trained personnel. Medical Laboratory Technologists therefore need basic digital
competencies to operate LIS platforms, verify electronic information, identify data-related problems and maintain the
accuracy and confidentiality of laboratory records. [11]

11. Point-of-Care Testing and the Role of MLTs

Point-of-care testing (POCT) refers to laboratory testing performed close to or at the site of patient care rather than
exclusively within a central laboratory. POCT can provide rapid results and may support timely clinical decision-making.
However, because these tests are often performed outside the traditional laboratory environment, maintaining analytical
quality and appropriate quality assurance can be challenging. Medical Laboratory Technologists can contribute to POCT
programs through device verification, quality-control monitoring, operator training, documentation and troubleshooting.
Effective management of POCT therefore requires collaboration between laboratory professionals and other healthcare
workers. [12]

Competency domain | Major competencies

Technical | Laboratory procedures, analytical methods, instrument operation

Pre-analytical | Patient identification, specimen collection, transport and storage

Quality management | IQC, EQA, quality indicators, corrective actions

Safety | Biosafety, PPE, infection control, waste management

Digital | LIS, electronic reporting, data management

Molecular | PCR, nucleic-acid extraction, contamination control

Communication | Patient, clinician and multidisciplinary communication

Critical thinking | Troubleshooting, interpretation and problem-solving

Ethics | Confidentiality, professional conduct and patient dignity

Research | Literature review, data analysis and scientific writing

Professional development | Continuous education, competency assessment and upskilling

Table 1. Major Professional Competencies Required for Modern Medical Laboratory Technologists

Laboratory medicine is continuously evolving, making lifelong learning essential for MLTs. Continuous professional
development should include updates in laboratory technologies, quality management, molecular diagnostics, automation,
laboratory informatics, biosafety and emerging technologies such as artificial intelligence. Regular competency
assessment and targeted training can help identify skill gaps and support professional growth. [14,16]

Continuing Professional Development

Research competency can help MLTs contribute to laboratory improvement and evidence-based practice. Basic skills in
literature searching, critical appraisal, data interpretation, scientific writing and research methodology can enable
laboratory professionals to evaluate new diagnostic methods and participate in quality-improvement or research projects.
Research competency is also included in established laboratory professional competency frameworks. [15]

Research and Evidence-Based Practice

Medical Laboratory Technologists handle sensitive patient information and biological specimens. Professional ethics
therefore require respect for patient dignity, confidentiality, privacy and applicable professional and legal requirements.
MLTs should understand the limits of their own competence, seek assistance when necessary and maintain professional
responsibility in all laboratory activities. [14]

Professional Ethics and Confidentiality

Modern laboratory practice requires professionals to recognize unusual results, analytical errors, instrument problems and
discrepancies between laboratory findings and available clinical information. MLTs should therefore develop critical-
thinking and problem-solving abilities rather than relying exclusively on routine procedures. The Indian competency
framework specifically includes critical thinking as one of the domains required for MLT practice. [14]

Critical Thinking and Problem-Solving

Although laboratory professionals may have limited direct contact with patients compared with some other healthcare
professionals, effective communication remains essential. MLTs communicate with patients, clinicians, nurses,
colleagues, supervisors and other healthcare professionals. They should be able to communicate laboratory information
clearly, participate in multidisciplinary teamwork and appropriately communicate critical or urgent laboratory findings.
[14,15]

Communication and Teamwork

The increasing use of Laboratory Information Systems, automated analyzers and electronic reporting requires MLTs to
develop appropriate digital competencies. Laboratory professionals should be able to enter and verify information
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accurately, manage electronic records, recognize data-related problems and maintain patient confidentiality. Basic
understanding of laboratory informatics will become increasingly important as laboratories move toward integrated digital
workflows. [15]

Digital and Laboratory Informatics Competency

MLTs work with biological specimens, chemicals, sharps and laboratory equipment that may present occupational risks.
Therefore, they require competency in biosafety, infection control, use of personal protective equipment, safe handling of
specimens and sharps, waste management and incident response. Safe laboratory practice should become an integral part
of professional behaviour. The Indian competency framework also identifies laboratory safety and laboratory-acquired
infection control as a major competency domain. [14]

Laboratory Safety and Infection-Control Competency

Quality management is an essential professional competency for MLTs. Laboratory professionals should understand
internal quality control, external quality assessment, quality indicators, corrective and preventive actions, documentation
and continuous quality improvement. They should also be able to recognize deviations from established procedures and
participate in root-cause analysis when quality problems occur. Competency in quality management is particularly
important for laboratories working toward or maintaining accreditation standards such as ISO 15189. [17]

Quality Management Competency

Appropriate specimen collection and handling are essential for obtaining reliable laboratory results. MLTs should be
competent in-patient identification, specimen collection, labelling, transportation, storage and assessment of specimen
suitability. They should also recognize factors such as inadequate volume, contamination, hemolysis and inappropriate
storage that may affect test results. The Indian competency framework identifies specimen procurement, preparation and
pre-analytical processing as important competency domains for MLTs. [14]

Specimen Collection and Pre-analytical Competency

Technical and analytical competency remains a fundamental requirement for Medical Laboratory Technologists. MLTs
should be able to perform laboratory investigations according to established procedures, operate laboratory instruments
correctly, identify technical problems and evaluate analytical results. They should also understand the principles,
limitations and appropriate applications of the laboratory methods used in their area of practice. As diagnostic technologies
continue to advance, technical competency must be continuously updated through education and practical training. [16]
Technical and Analytical Competency

The role of Medical Laboratory Technologists is increasingly becoming competency-based as laboratory services become
more complex, technology-driven and quality-focused. In addition to conventional technical skills, modern MLTs require
competencies related to quality management, laboratory safety, communication, critical thinking, professional ethics,
digital technologies and continuous professional development. A competency-based approach can help ensure that
laboratory professionals are able to perform their responsibilities consistently and safely across different healthcare
settings. [14]

13. Challenges Facing Medical Laboratory Technologists

Rapid Technological Change

Rapid development of laboratory automation, molecular diagnostics, digital systems and Al requires professionals to
continuously update their knowledge and skills. [5,6,12]

Skill Gaps

Traditional laboratory education may not always provide sufficient exposure to emerging areas such as Al, laboratory
informatics, data analytics and advanced molecular diagnostics. This creates a need for competency-based education and
continuing professional development. [5,6,12]

Workforce Challenges

Increasing diagnostic demand, technological complexity and workload can place additional pressure on laboratory
personnel. Sustainable workforce planning and appropriate professional development are therefore important.[2,5]
Professional Recognition

The increasing complexity of laboratory responsibilities highlights the importance of appropriate professional recognition,
defined career pathways and opportunities for advancement.

Continuous Professional Development

Because laboratory technologies evolve rapidly, professional education should not end with graduation. Continuous
professional development should include technical skills, quality management, digital competency, research methodology
and communication. [5,6]

Ethical and Data-Related Challenges

The increasing use of Al and digital laboratory systems introduces additional concerns regarding patient confidentiality,
data governance, algorithmic bias, transparency, accountability and appropriate human oversight.[6,11,12]

14. Future Perspectives of the MLT Profession

The future Medical Laboratory Technologist is likely to work in an increasingly automated, digitally connected and
multidisciplinary healthcare environment.

Future MLT competencies can be grouped into five major areas:

Competency area Examples
Technical competency Advanced laboratory methods, molecular diagnostics, automation
Quality competency 1QC, EQA, quality indicators, patient safety
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Digital competency LIS, laboratory data management, Al literacy

Professional competency | Communication, teamwork, ethics and leadership

Research competency Literature review, evidence-based practice, scientific writing
The future laboratory professional will therefore require a combination of traditional laboratory expertise and new digital
and analytical skills. [5,6,12]

Recent international laboratory-medicine perspectives also suggest that automation and Al will increasingly influence
laboratory workflows and professional responsibilities.

15. Recommendations

The following recommendations may help strengthen the professional role of Medical Laboratory Technologists:

BMLT curricula should progressively incorporate molecular diagnostics and laboratory informatics.

Students should receive structured practical exposure to automated laboratory systems.

Basic Al and data-literacy concepts should be introduced into laboratory education.

Quality assurance and patient safety should remain core components of professional training.

Continuing professional development should be encouraged after graduation.

MLTs should receive training in scientific literature evaluation and research methodology.

Laboratory institutions should provide opportunities for technology-related upskilling.

Al implementation should include appropriate validation, monitoring and human oversight.

Educational institutions and professional organizations should work toward competency-based professional
frameworks.

Greater integration of MLTs into multidisciplinary healthcare and laboratory-management teams should be
encouraged.
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16. CONCLUSION

Medical Laboratory Technologists are essential members of the modern healthcare workforce. Their responsibilities
extend beyond conventional laboratory testing to include quality assurance, patient safety, biosafety, molecular
diagnostics, automation, digital laboratory systems and emerging artificial intelligence technologies.

Technological advancement is not necessarily eliminating the need for laboratory professionals. Instead, it is changing the
nature of their work. Repetitive tasks may increasingly be automated, while professional responsibilities are likely to shift
toward quality management, instrument supervision, troubleshooting, validation, data interpretation and technology
management.

The future MLT should therefore be technically competent, digitally literate, quality-focused and capable of continuous
learning. Strengthening BMLT education, continuing professional development, research skills and professional
recognition will be essential for ensuring that Medical Laboratory Technologists remain effective contributors to modern
healthcare.
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