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Introduction 

Accurate diagnosis is the starting point of 

effective veterinary treatment, herd and flock 

health planning, disease surveillance and 

outbreak control. Traditional diagnosis has 

relied on history, clinical examination, 

microscopy, culture, serology, radiography and 

routine laboratory testing. These methods 

remain essential, but veterinary practice is now 

entering a period in which molecular assays, 

digital imaging, automated analysers, 

biosensors, sequencing and artificial  

 

 

 

intelligence can provide information with 

far greater speed and depth. The change is 

important for both companion animals and 

food-producing species because diagnostic 

delay can lead to unnecessary treatment, 

continued disease transmission, production 

losses and avoidable antimicrobial use. 

Advanced diagnostics should not be 

understood as a replacement for clinical 

judgement. A highly sensitive test can still 

mislead when the sample is poor, the disease 

stage is inappropriate or the result is interpreted 

without considering prevalence and clinical 
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Abstract 
Veterinary diagnosis is moving rapidly from conventional laboratory testing toward integrated systems that combine 

molecular biology, digital imaging, automation, biosensors and data-driven decision support. Polymerase chain 

reaction (PCR), real-time PCR and emerging digital PCR methods can detect and quantify pathogen nucleic acids 

with high analytical sensitivity, while multiplex platforms allow several infectious agents to be examined from a 

single specimen. Isothermal amplification and portable point-of-care systems are bringing molecular testing closer 

to clinics, farms and outbreak sites where rapid decisions are essential. At the same time, automated haematology 

and biochemical analysers, improved immunoassays and biomarker panels are increasing the amount of clinically 

useful information obtained from small sample volumes. Next-generation sequencing and metagenomics can 

identify and characterise pathogens beyond routine targeted testing and are becoming important for outbreak 

investigation, microbial genomics and surveillance. Diagnostic imaging is also changing through digital 

radiography, ultrasonography, computed tomography and magnetic resonance imaging, with artificial intelligence 

increasingly used for image classification, segmentation and workflow support. Biosensors, microfluidic devices 

and connected monitoring systems may further shorten the interval between disease development, detection and 

clinical response. These technologies can improve animal welfare, treatment selection, antimicrobial stewardship 

and One Health surveillance, but their value depends on appropriate validation, sample quality, quality control and 

species-specific interpretation. This article discusses the major advanced diagnostic technologies influencing 

modern veterinary practice, their practical advantages and limitations, and the need to integrate new tools with 

clinical judgement rather than use them in isolation. 
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signs. The real benefit of new technology 

comes from combining a well-collected history 

and examination with a test that answers a 

clearly defined clinical question. In this 

integrated approach, technology strengthens the 

veterinarian's decision rather than making the 

decision independently. 

Current innovation is moving in three 

directions at the same time: laboratory methods 

are becoming more sensitive and multiplexed, 

sophisticated technologies are being 

miniaturised for point-of-care use, and digital 

systems are helping clinicians analyse images 

and large datasets. Together these 

developments are reducing the distance 

between the animal, the diagnostic laboratory 

and the final clinical decision. 

Automation in Clinical Pathology 

Automated haematology and clinical 

chemistry analysers have changed routine 

veterinary diagnostics by providing rapid, 

repeatable measurements from relatively small 

sample volumes. Modern instruments can 

generate complete blood counts, differential 

cell data, biochemical profiles, electrolyte 

results and other parameters within minutes. 

This is especially useful in emergency practice, 

anaesthesia, critical care and herd 

investigations where treatment decisions may 

depend on recognising anaemia, inflammation, 

organ dysfunction, dehydration or metabolic 

imbalance quickly. 

Automation also creates richer datasets. 

Scattergrams, cell population plots and quality 

flags can reveal abnormalities that deserve 

microscopic review. However, species 

differences remain important. Cell size, 

morphology and reference intervals vary 

between dogs, cats, horses, cattle, small 

ruminants, poultry and exotic species. 

Therefore, analyser output should be matched 

to validated species settings and supported by 

blood-smear examination when abnormal flags 

or unexpected results appear. The best modern 

laboratory is not one that eliminates manual 

examination, but one that uses automation to 

identify where expert examination is most 

valuable. 

PCR, qPCR and Digital Molecular 

Diagnostics 

Polymerase chain reaction has become 

central to the detection of many infectious 

agents because it identifies pathogen nucleic 

acid rather than waiting for an organism to grow 

in culture or for an antibody response to 

develop. Conventional PCR is useful for 

targeted detection, while real-time quantitative 

PCR (qPCR) provides rapid amplification and 

fluorescent monitoring in a closed system. 

Multiplex qPCR can test for several pathogens 

or genetic targets in the same run, which is 

valuable when animals present with syndromes 

such as respiratory, enteric, reproductive or 

neurological disease that may have several 

possible causes. 

Digital PCR represents a further 

refinement. The sample is partitioned into many 

small reactions and target molecules are 

counted statistically, allowing highly precise 

nucleic-acid quantification. This can be useful 

when pathogen load is low, when small changes 

in copy number matter, or when a laboratory 

needs a robust reference method. Nevertheless, 

increased analytical sensitivity does not 

automatically mean better clinical 

interpretation. Detection of nucleic acid may 

represent active infection, early infection, 

residual material after recovery or 

contamination. Sampling site, timing and 

clinical context remain essential. 

Molecular diagnostics are also influencing 

antimicrobial stewardship. Rapid identification 

of a viral or specific bacterial cause can reduce 

empirical drug use, while resistance-gene 

detection can provide early information in 

selected settings. Culture and phenotypic 

antimicrobial susceptibility testing remain 

important because the presence of a resistance 

gene does not always predict the complete 

behaviour of an organism. A combined 

molecular and culture-based approach often 

provides the most clinically useful picture. 

Isothermal Amplification and Point-of-

Care Testing 

One limitation of conventional PCR is its 

dependence on thermal cycling equipment and 

trained laboratory personnel. Isothermal 

amplification technologies, including loop-

mediated isothermal amplification (LAMP) and 
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recombinase-based methods, amplify 

nucleic acid at a constant temperature. This 

simplifies equipment needs and creates 

opportunities for testing at clinics, farms, field 

camps and outbreak sites. Many assays can 

produce results in less than an hour and can be 

linked with visual, fluorescent or lateral-flow 

readouts. 

Point-of-care tests are particularly valuable 

when immediate action is required. A 

veterinarian facing a contagious disease can 

isolate animals, advise movement restrictions, 

begin supportive treatment or collect 

confirmatory samples without waiting several 

days for a distant laboratory. Rapid tests are also 

useful in resource-limited areas. Their main 

challenge is quality assurance: a fast result is 

only helpful if the assay has appropriate 

sensitivity, specificity and validation for the 

target species, specimen and intended use. 

Positive and negative controls, correct storage 

and clear interpretation rules remain essential 

even for simple field tests. 

Immunodiagnostics and Biomarker-

Based Testing 

Serological and antigen-detection methods 

continue to be major tools in veterinary 

diagnosis. Enzyme-linked immunosorbent 

assays, lateral-flow immunoassays and other 

antibody or antigen platforms can support 

surveillance, vaccination monitoring and 

diagnosis of infectious diseases. Newer formats 

use recombinant antigens, monoclonal 

antibodies and improved signal systems to 

increase specificity and reduce background 

reactions. Multiplex immunoassays can 

measure several antibodies or biomarkers from 

one sample, conserving time and sample 

volume. 

 

 

Biomarker research is expanding diagnosis 

beyond the simple presence or absence of a 

pathogen. Acute-phase proteins, cardiac 

biomarkers, endocrine markers, inflammatory 

mediators and tumour-associated molecules can 

help assess disease severity, organ injury and 

treatment response. The clinical value of a 

biomarker depends on validated reference 

ranges and on understanding what biological 

process it represents. Biomarker panels may be 

more informative than a single measurement 

because diseases often affect several pathways 

simultaneously. 

Next-Generation Sequencing and 

Metagenomics 

Next-generation sequencing (NGS) can 

analyse millions of DNA or RNA fragments in 

parallel. In veterinary infectious disease work it 

can identify and characterise pathogens, 

compare outbreak strains and detect genetic 

changes that may influence epidemiology, 

virulence or resistance. Whole-genome 

sequencing is especially powerful after an 

organism has been isolated, while metagenomic 

sequencing can examine all genetic material in 

a sample and may detect unexpected or 

difficult-to-culture agents. 

 

Metagenomics is attractive when routine 

testing is negative but an infectious cause is still 

suspected. It can also be used to study 

microbiomes and understand how microbial 

communities change with disease, diet, 

antimicrobial exposure or management. The 

challenge is interpretation. Sequencing can 

detect harmless commensals, environmental 

contaminants and nucleic acid from organisms 

that are not responsible for the clinical problem. 

Bioinformatics, contamination control and 
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carefully selected clinical metadata are 

therefore as important as the sequencing 

instrument itself. 

Advanced Imaging and Artificial 

Intelligence 

Veterinary diagnostic imaging has 

progressed from conventional radiography to 

high-resolution ultrasound, computed 

tomography (CT), magnetic resonance imaging 

(MRI), endoscopy and other specialised 

modalities. These technologies allow clinicians 

to evaluate anatomy and function non-

invasively and have transformed orthopaedics, 

neurology, cardiology, oncology and 

emergency care. Portable digital radiography 

and ultrasound have also brought advanced 

imaging to equine, farm and field practice. 

Artificial intelligence (AI) is increasingly 

being studied as a decision-support tool for 

image analysis. Machine-learning models can 

be trained to classify radiographs, segment 

structures, measure lesions and identify patterns 

that may be difficult to quantify manually. 

Recent veterinary literature shows growing 

applications across radiography, CT, MRI and 

ultrasound. AI may assist with workflow, triage 

and quality control, particularly where access to 

specialist radiologists is limited. 

However, an AI result is not automatically 

a diagnosis. Models can perform poorly when 

an image comes from a different machine, 

species, breed, position or clinical population 

than the data used for training. Incorrect or 

inconsistent labels in training datasets can also 

become embedded in the model. Veterinary AI 

therefore requires external validation, 

transparent reporting and clinician oversight. 

The safest role is to provide a second layer of 

analysis while the veterinarian remains 

responsible for integrating the image with the 

animal's history and examination. 

Biosensors, Microfluidics and 

Connected Diagnostics 

Biosensors convert a biological interaction 

into a measurable signal. Electrochemical, 

optical and other sensor platforms are being 

developed for infectious agents, metabolites, 

hormones and markers of inflammation. When 

combined with microfluidics, very small 

volumes of blood, saliva, milk or other fluids 

can be processed through compact devices. The 

long-term goal is a lab-on-a-chip system 

capable of sample preparation, reaction, 

detection and digital reporting in one portable 

unit. 

Connected diagnostic devices can also link 

testing with electronic medical records and 

surveillance systems. Wearable sensors used for 

temperature, activity, rumination, heart rate or 

behaviour may identify animals that require 

closer examination before obvious clinical 

signs develop. In dairy and livestock systems, 

this creates the possibility of moving from 

periodic health checks to continuous risk 

monitoring. Such systems are most valuable 

when alerts are clinically meaningful and false 

alarms are controlled; otherwise large amounts 

of data can increase workload rather than 

improve care. 

Table 1. Major advanced diagnostic technologies used in 

veterinary practice. 
Technology Main veterinary use 

qPCR / digital PCR 
Sensitive detection or quantification of 
pathogen nucleic acid in validated 
specimens. 

Isothermal amplification 
Rapid field or near-patient detection of 
selected DNA/RNA targets with minimal 
equipment. 

ELISA / rapid 
immunoassay 

Detection of antibodies, antigens or selected 
biomarkers for screening and clinical 
support. 

NGS / metagenomics Broad investigation of unexpected, mixed 
or genetically variable infectious agents. 

Advanced imaging 
Ultrasound, CT or MRI localize structural 
or functional abnormalities and guide 
clinical decisions. 

Biosensors / 
microfluidics 

Portable, low-volume detection of 
biological signals with potential point-of-
care connectivity. 

Diagnostic Integration, One Health and 

Surveillance 

Advanced diagnostics have an important 

population-level role. Rapid and accurately 

geolocated results can strengthen surveillance 

for transboundary and zoonotic diseases, 

support tracing during outbreaks and provide 

earlier warning of unusual disease patterns. 

Genomic information can help determine 

whether cases are linked, while digital 

dashboards can combine laboratory, farm and 

movement data. This is directly relevant to One 

Health because many pathogens circulate 

between animals, people and the environment. 

The same principle applies inside a 

veterinary hospital or farm. Diagnostic 

information becomes more useful when results 

from pathology, imaging, microbiology and 
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clinical records can be viewed together. 

Integrated interpretation may reveal 

relationships that are less obvious when each 

test is considered separately. Interoperable data 

systems and standard terminology will 

therefore become increasingly important as the 

number and complexity of tests grow. 

Quality Assurance and Practical 

Limitations 

Table 2. Sample-to-decision steps for reliable veterinary 

diagnosis. 
Stage Good practice 

Clinical question 
Define the disease problem, animal 
population and decision the test is expected 
to support. 

Sample collection 
Collect the correct specimen at the 
appropriate disease stage with suitable 
technique and identification. 

Transport and storage Maintain required time, temperature and 
chain of identity from animal to laboratory. 

Test selection 
Match assay validation, sensitivity and 
specificity to the species, pathogen and 
intended diagnostic purpose. 

Interpretation 
Combine the laboratory result with clinical 
findings, exposure history, prevalence and 
test limitations. 

Every diagnostic technology has 

limitations. Pre-analytical errors such as 

incorrect sample type, delayed transport, 

contamination, haemolysis or poor storage can 

invalidate even the most sophisticated assay. 

Analytical quality depends on calibration, 

controls, reagent performance and validated 

procedures. Post-analytical quality depends on 

correct interpretation and communication. A 

technically correct laboratory result can still 

cause harm if it is reported without appropriate 

clinical context. 

Cost and accessibility also influence 

adoption. High-end sequencing, CT and MRI 

systems require infrastructure and trained 

specialists, while some rapid platforms have 

higher per-test costs than central laboratory 

methods. Veterinary practices therefore need to 

choose technology according to case volume, 

disease risk and the consequences of delayed 

diagnosis. Referral laboratories will remain 

essential even as more testing moves closer to 

the patient. 

Validation is especially important when a 

human diagnostic platform is adapted for 

veterinary use. Species-specific differences 

may affect antibodies, biomarkers, reference 

intervals and sample matrices. International 

standards emphasise that diagnostic assays 

should be validated for their intended purpose. 

Sensitivity and specificity are not fixed 

properties in every situation; performance may 

change with population, disease stage and 

specimen type. Good diagnostics depend on 

knowing both what a test can detect and what it 

cannot. 

Conclusion 

Advanced diagnostic technologies are 

reshaping veterinary practice by bringing 

laboratory precision closer to the animal and by 

allowing clinicians to obtain more information 

from smaller samples and shorter time 

intervals. PCR and digital molecular assays, 

isothermal amplification, improved 

immunodiagnostics, sequencing, advanced 

imaging, artificial intelligence, biosensors and 

connected monitoring systems each address 

different parts of the diagnostic process. 

The central principle remains unchanged: 

technology must serve sound clinical 

reasoning. Reliable sampling, validated 

methods, quality control, species-specific 

interpretation and communication with animal 

owners or producers remain essential. When 

these foundations are maintained, new 

diagnostic tools can support earlier disease 

recognition, more targeted treatment, 

responsible antimicrobial use, stronger 

surveillance and better animal health outcomes. 
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