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ﬂbStl‘aCt Mastitis, a mammary gland inflammation, remains one of the most prevalent and economically significant diseases in the dah
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industry. Traditional diagnostic methods such as somatic cell counts, microbiological cultures, and the California Mastitis Test, though widely used, often
lack the sensitivity to detect subclinical forms or the capacity to localize early inflammatory changes. In recent years, advancements in non-invasive
technologies have opened new frontiers in early mastitis detection, with infrared thermography (IRT) and molecular biomarkers emerging as powerful
complementary tools. This review explores the potential of infrared thermography to detect mastitis-related thermal asymmetries in the udder, offering a
rapid, stress-free, and animal-friendly diagnostic approach. In parallel, the review examines biomarkers in milk and blood as indicators of mammary gland
inflammation and systemic stress. These biomarkers not only reflect the host immune response but also provide valuable insight into the severity and
progression of infection. When combined, thermographic imaging and biomarker profiling offer a holistic, multi-dimensional approach to mastitis
monitoring, particularly valuable for detecting subclinical or emerging cases. This paper highlights current findings, technological limitations, and future
Qsearch directions in integrating IRT and biomarker-based diagnostics into herd health management programs.

/

Intl‘O dUCthn: Traditional diagnostic approaches like the California Mastitis Test (CMT) and somatic cell count (SCC) have limitations, including

subjective interpretation and external influences that cause inconsistent results. Bacterial cultures, although standard for identifying pathogens, are time-
consuming and delay intervention. Thus, there's a need for non-invasive techniques to improve early detection and management practices. Innovative
diagnostic methods, such as infrared thermography (IRT) and biomarker analysis, offer promising solutions for improving mastitis detection. IRT is a non-
invasive technique that reveals thermal changes on the udder surface, indicating inflammation linked to mastitis. This literature review synthesizes knowledge
on infrared thermography and biomarkers in mastitis detection, showing their potential to overcome conventional methods' limitations and improve dairy
herd health management. Integrating these techniques may enhance early detection, benefiting animals and producers.

Figure 1. "Thermal windows'" for reliable IRT measurements in livestock
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The lacrimal caruncle, medial
canthus, cornea, and general
orbital area are frequently
used due to their hairless
nature and connection to
cranial blood flow, reflecting
changes in core body
temperature, fever, and
stress responses. It is often
considered one of the most
consistent and reliable sites.
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Table 2 Overview of Blood-Based Biomarkers for Systemic Health
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Reported Disadvantages
Limitations

Non-specific (indicate
problem, not
cause/location), levels vary

by species/protein, negative

APPs decrease

Short half-life, less stable
than APPs, assays can be
costly/complex, less
routinely used in clinical
practice

Blood levels affected by
handling stress & diurnal
rhythm, interpretation
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breed, BCS, etc.), requires
careful sampling
/contextualization

Table 1 Overview of Milk-Based Biomarkers for Mastitis
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Conclusions:

infrared thermography (IRT) and biomarker analysis from milk enhances
livestock health management. IRT’s non-contact method reduces animal stress,
aligning with welfare-focused farming and Precision Livestock Farming (PLF)
goals. This integration allows for earlier detection of health issues, especially
mastitis, as IRT can quickly identify thermal anomalies indicating inflammation.
Healthier animals and efficient treatment improve farm economics by lowering
production losses and veterinary costs. Implementing IRT and biomarkers in
PLF practices shows promise despite challenges like cost and data
interpretation. A tiered approach using automated IRT for screening followed
by biomarker analysis is viable. Ongoing research and collaboration are
essential for maximizing the potential of integrated non-invasive diagnostics,
enhancing animal health and sustainability in livestock production.

Integrating non-invasive diagnostic tools like



