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The aim of this study was to introduce clinical laboratory science techniques with the core
technology of the 4th Industrial Revolution. Among the core technologies of the 4th Industrial
Revolution, Al, 10T, block—chain, robotics, and nanotechnology were analyzed and linked by

themes. The scope of the job of clinical laboratory technologists (also known as medical laboratory
technologists and medical technologists) is laboratory medicine testing, pathology testing, and
clinical physiology testing. Through a number of previous papers, 73 linkages in the laboratory
medicine area, 27 linkages in the pathology area, and 47 linkages in the clinical physiology area
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Clinical laboratory science techniques
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Fourth industrial revolution

were examined. In the 4th industrial revolution and clinical laboratory science techniques, Al (4),
10T (3), block—chain (4), robotics (3) and nanotechnology (15) sectors were surveyed. The limitation
of this study was the limitation in collecting and analyzing all the data and non-clinical areas were
not analyzed. In addition, there was no validity test and no similar study. In conclusion, the core
technologies of the 4th industrial revolution and clinical laboratory science techniques are closely

related. Therefore, further research on the future and social benefits of clinical laboratory science

techniques is needed.

Copyright © 2019 The Korean Society for Clinical Laboratory Science. All rights reserved.
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Table 1. Classification of clinical laboratory science
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Area

Microbiology

Parasitology

Hematology

Transfusionology

Biochemistry

Analytical chemistry

Immunology

Nuclear medicine in vitro technology
Cytogenetics

Molecular genetics

Histology

Cytology

Forensic medicine

Circulatory function physiology
Respiratory function physiology
Cardiopulmonary perfusion technology
Ultrasound technology

Neural function physiology

Sensory function physiology

Clinical pathologic technology

Clinical genetics technology

Pathological technology

Clinical physiologic technology

Laboratory medicine testing

Both (laboratory medicine and pathology)

Pathology testing

Clinical physiology testing
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Table 2. Recent techniques of microbiology and parasitology in laboratory medicine testing

Field

Technique

Microbiology, Parasitology Microscopy-based method
Serology based method
Complement fixation test
Latex agglutination test

Indirect fluorescent antibody test

Enzyme-linked immunosorbent assay (ELISA)

Dot-ELISA

Luciferase Immunoprecipitation System (LIPS)

Immunochromatographic assay
Molecular-based method
Polymerase chain reaction (PCR)

Real-time polymerase chain reaction (RT-PCR)
Loop—mediated isothermal amplification (LAMP)

Luminex XMAP technology

Random amplified polymorphic DNA (RAPD)
Amplified fragment length polymorphism (AFLP)
Restriction fragment length polymorphism (RFLP)

Microarray technology
Microsatellites

Nanotechnology

Biosensing technology

High throughput ‘omics’ technologies
High throughput sequencing (HTS)
Bioinformatics

Transcriptomics

Proteomics

MALDI-TOF MS

SELDI-TOF MS

Culture and phenotypic

In vitro antimicrobial susceptibility
Acute and convalescent antibody
Monoclonal antibody staining
Antigen detection

Biosensor

Abbreviations: MALDI-TOF MS, matrix-assisted laser desorption ionization-time-of-flight mass spectrometer; SELDI-TOF MS,
surface-enhanced laser desorption-ionization-time-of-flight mass spectrometer.

Table 3. Recent techniques of biochemistry and urinalysis in laboratory medicine testing

Field

Technique

Biochemistry, Urinalysis CRISPR

Total laboratory automation

Bio—marker
Point-of-care

Dried blood spots (DBS)
Mass spectrometer
Cloud-based technology

Electronic transmission of image

Dry chemistry technology

Automated urine microscopy

Urinary flow cytometry & urinary tract infection
MALDI-TOF MS

Chip-based assay

Abbreviations: See Table 1; CRISPR, clustered regularly interspaced short palindromic repeats.

www.kjcls.org



390 Hyun Ho Sung, et al. 4th Industrial Revolution & Clinical Laboratory Science Techniques

Table 4. Recent techniques of hematology and transfusionology in laboratory medicine testing

Field

Technique

Hematology, Transfusionology Single-cell technology
Digital imaging

Digital morphology

Next generation sequencing (NGS)

Ultra-deep PCR
Exome

Nucleic acid amplification technology (NAT)
- transcription-mediated amplification (TMA)
- Polymerase Chain Reaction (PCR)
Next Generation Sequencing (NGS)

Abbreviations: See Table 1.

Table 5. Recent techniques of immunology and radioimmunoassay in laboratory medicine testing

Field

Technique

Serology, Radioimmunoassay

Digital ELISA
Multiplex ELISA
Mass spectrometry
DNA microarray

Indirect immunofluorescence (IIF)
Chip technique (Spot immunoassay)

Molecular imaging

Detectors and imaging system
Radiopharmaceutical

Drug delivery

Drug development
Radioisotope cell labeling

Abbreviations: See Table 1; DNA, deoxyribonucleic acid.

Table 6. Recent techniques of pathology testing

Field Technique

Field Technique

Histopathology
Molecular pathology
- Pathology integration of clinical data

- Analysis of high-throughput tissue omics data

- Next Generation Sequencing (NGS)
Molecular testing using tumor-derived cfDNA
Optical coherence tomography

Cytopathology

Dimensional cytology (3D tomographic images)

Quantitative phase imaging (SL-QPM)
Imaging flow and mass cytometry

- Imaging flow cytometry

- Flow mass cytometry

- Image mass cytometry

Digital pathology (Whole slide images, Al workflow)

Forensic medicine  Morphometric analysis
Microbial forensics )
Virtual autopsy (Virtopsy™)
Touch DNA

DNA methylation analysis
Next generation serology
Genotyping to forensic phenotyping
Facial reconstruction
Scanning electron microscopy
DNA fingerprinting
Alternative light photography
LA-ICP-MS

Abbreviations: See Table 1; LA-ICP-MS, laser ablation-inductively coupled plasma—-mass spectrometry; 3D, 3-dimensional.
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Table 7. Recent techniques of clinical physiology testing
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Field Technique

Field Technique

Basal metabolism Body composition analysis

Bioelectrical impedance analysis

Resting metabolic rate
Digital infrared thermography
Imaging

Ambulatory blood pressure monitoring

12-Lead ECG

Holter monitoring

Treadmill test

Vital capacity (VO)

Forced vital capacity test
Body plethysmography
Bronchial hypersensitivity test
EEG montage

International 10-20 system
Modified combinatorial
nomenclature 10-10 system
Quantitative EEG

Cardiac function

Pulmonary function

Neurological function

Steroelectroencephalography (SEEG)

Polysomnography (PSG)
Electromyography (EMG)
Evoked potential (EP)

Ultrasonography Echocardiography
2Dimensional echocardiography
3Dimensional echocardiography
Color Doppler
Pulsed wave Doppler
Continuous-wave Doppler
Tissue Doppler
Carotid artery ultrasound
Transcranial Doppler
Electroretinography (ERG)
Multi-focal electroretinography
Electrooculography (EOG)
Ophthalmic ultrasonography
Visual evoked potential (VEP)
Optical coherence tomography (OCT)
Fluorescein angiography (FAG)
Other Video oculography (VOG)

Eye tracking test (ETT)

Dynamic posturography

Electronystagmography (ENG)

Pure Tone Audiometry

Speech audiometry

Electrogustometry

Ophthalmic

Table 8. Fourth industrial revolution and clinical laboratory science techniques

Field Technique

Field Technique

Artificial intelligence  Healthcare data

Machine learning-based medical systems

Medical expert systems

Medical signaland image processing techniquese

Internet of things Health monitoring framework

Clinical analyzer permits remote monitoring

loT temperature sensor

Blockchain Patient-driven interoperability
Clinical data transaction volume
Privacy and security
Patient engagement and incentives
Robotics Total laboratory automation static

Mobile robot interface
Automated robotic phlebotomy

Nanotechnology  Nanoparticle biolabels
Nanoscale visualization
Biochips/microarrays
Nanoproteomic-based diagnostics
Nanoparticle-based nucleic acid diagnostics
Nanoparticle-based immunoassays
DNA nanomachines
Nanobiosensors
Biobarcode assays
Nanopore technology
Nanobiotechnology
Molecular nanodiagnostics
Nanoscale particles
Nanoparticles
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