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Infrared thermography (IRT) has proven to be a reliable method for the early detection of pathologies affecting animal

health and welfare that represent economic losses for farmers. However, the standardization of protocols for IRT use is

still needed.
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1. Introduction

Fever is a cardinal symptom that occurs when homeostasis is altered due to the presence of infectious or non-infectious

stimuli, which is why it is recognized as a hallmark of disease .

Regarding fever, a wide variety of questions have arisen to define whether it is a mechanism that should be treated or not,

and their answers are based on the findings obtained at the neurophysiological level, related to the hypothalamic control

of fever and the development of thermoregulatory responses . Despite this, some still question whether their study helps

measure pathologies, in spite of the fact that scientific evidence indicates that it can be used for their detection .

However, given the scarcity of quantitative, studies of non-invasive tools that allow us to understand and interpret the

pathophysiological processes of fever in farm animals are still valid .

Concerning this issue, infrared thermography (IRT) has proven to be a reliable auxiliary method that allows for the early

detection of pathologies that, in addition to affecting animal health and welfare, represent economic losses for farmers .

However, the standardization of the protocols for the use of this tool is still needed, so that, together with the complete

understanding of the physiological and behavioral responses involved in the febrile process, it is likely to have timely

solutions to serious problem situations .

For this reason, the present review aims to describe and analyze the pathophysiological mechanisms of the febrile

process, the mechanisms of heat loss in an animal with fever, and recent scientific findings when studying farm animals

with infrared thermography.

2. Pathophysiology of Fever and Adverse Effects

It is essential to mention that the hypothalamus is considered the biological thermostat of the organism and has stipulated

stable temperature ranges, according to each species, which keeps the heat loss and production adjusted . During

fever, neurological, endocrine, immunological, and metabolic changes occur that cause an increase in the stable

temperature range, allowing the core body temperature to rise significantly to stop the invasion of the offending agent and

restrict the damage to the organism .

In general, the effects or complications of fever are observed in organisms exposed to higher temperatures and for

extended periods .

Concerning systemic complications, prolonged exposure to elevated temperature induces alterations in the permeability of

the digestive tract that allow the passage of microorganisms, mainly bacteria, to extraintestinal sites, such as blood and

mesenteric lymph nodes . This process called intestinal bacterial translocation corrupts the integrity of the

gastrointestinal barrier to induce the presence of toxins that act as stimuli to secrete cytokines with inflammatory potential;

likewise, due to the damage to the gastrointestinal structure and cell death, the presence of free radicals increases, and

these free radicals participate by evoking oxidative stress that synergistically contributes by increasing cytotoxicity to cell

death .

[1][2][3]

[4]

[2][4]

[5][6]

[7]

[7][8]

[9]

[10]

[9]

[11]

[12]



One of the systems that suffer the most remarkable alterations due to fever is the neurological one. At elevated

temperatures, the ranges depend on the species; the hypothalamus loses the ability to coordinate temperature regulation,

compromising various brain structures to the point of causing multi-organ dysfunction and irreversible brain damage .

In addition, the existence of a relationship between increased temperature and ischemic infarcts that exacerbate late

neuronal death of cortical cells, cerebellar granular cells, and the dorsal root ganglion has been reported, causing

neurological deficit . Likewise, it is known that, at high temperatures, cellular swelling originates due to the alteration in

cell membrane transport and neuronal death that becomes noticeable shortly after the end of prolonged fever .

3. How Does an Animal with a Fever Thermoregulate? (Neurophysiological
Responses to Temperature Control)

In response to cold or heat, the brain triggers a series of thermoregulatory responses to coping with changes in body

temperature. These responses include autonomic effectors, such as thermogenesis, vasodilation, and sweating, as well

as behavioral mechanisms that trigger flexible, goal-oriented actions, such as seeking heat or cold, nest building, postural

extension .

It is worth mentioning that some species have specialized thermoregulatory organs that allow heat to dissipate more

quickly. Examples of them in mammals are the rat tail and the rabbit ears. Both areas of bare skin have an extensive

network of blood vessels responsible for the rapid exchange of heat with the environment when the vasodilation process

begins . In the case of birds, the bill stands out, because, given its high vascularity, it functions as a thermal window for

heat exchange with the environment . Scientific studies indicate that the size of the avian bill influences the

rate of heat loss, since species with long bills, such as Ramphastos toco , can lose up to 60% of the heat through this

structure , while in species with small bills, such as Melospiza melodia , the total loss of body heat through its surface

can represent up to 10% .

Even though sweating proves to be an efficient mechanism for the dissipation of body heat excess, it should be

considered that this response can lead to the development of deficiencies of sodium chloride and some trace minerals,

such as Ca and Fe, which, depending on their severity, can be fatal .

They also come to present the behavior of placing the bill within the plumage, since, given its function as a thermal

window, doing so could help isolate the bill from environmental heat to prevent it from continuing to gain heat. However,

research is still needed to confirm the development of this behavior as a means of insulation against heat, as well as

against cold .

4. Importance of IRT in the Detection of Sick Farm Animals

IRT is considered a noninvasive remote sensing method that is useful for evaluating the temperature of animals 

 and, more specifically, measure changes in heat transfer and blood flow , since variations in thermal patterns are

the result of blood flow that intervenes in the amount of radiated heat .

The authors conclude that the thermal imaging camera is a valuable tool to detect changes in the surface temperature of

the udder during clinical mastitis, before the results of milk sampling, but after the development of local signs of mastitis.

Therefore, thermography can be used to detect mastitis, at least the clinical one, with fever or other febrile diseases.

On the contrary, the bovines of the VT group presented lower temperature increases (0.5 °C in the preclinical stage, 5.7

°C in the clinical stage, and 5.2 °C in the post-clinical stage), which could reflect a lower inflammatory response, a product

of the partial protection of the vaccine, because 38.1% developed viremia and foot lesions.

In the study, they obtained images of the ocular surface by focusing the camera on the orbital area, which includes the

eyeball and part of the skin that surrounds the eye socket, since they started from the argument that this area, together

with the lacrimal gland, is favorable for measuring variations in temperature due to its sensitivity to changes in

thermoregulation.

References

1. Kluger, M.J. Fever: Role of pyrogens and cryogens. Physiol. Rev. 1991, 71, 93–127.

2. Roth, J.; Horowitz, M. Inflammation, fever, and body temperature under febrile conditions. J. Basic Clin. Physiol.
Pharmacol. 2017, 28, 519–520.

[13]

[14]

[15]

[16]

[16]

[17][18][19][20]

[20]

[17][21]

[22][23][24][25]

[21]

[26][27][28]

[29][30] [31]

[32][33]



3. Roth, J.; Blatteis, C.M. Mechanisms of fever production and lysis: Lessons from experimental LPS fever. Compr.
Physiol. 2014, 4, 1563–1604.

4. Bartfai, T.; Conti, B. Fever. Sci. World J. 2010, 10, 490–503.

5. Sevegnani, K.B.; Fernandes, D.P.B.; Modenese-Gorla Da Silva, S.H. Evaluation of thermorregulatory capacity of dairy
buffaloes using infrared thermography. Eng. Agric. 2016, 36, 1–12.

6. Mota-Rojas, D.; Titto, C.G.; Orihuela, A.; Martínez-Burnes, J.; Gómez-Prado, J.; Torres-Bernal, F.; Flores-Padilla, K.;
Carvajal-de la Fuente, V.; Wang, D. Physiological and behavioral mechanisms of thermoregulation in mammals.
Animals 2021, 11, 1733.

7. Broom, D.M. Behaviour and welfare in relation to pathology. Appl. Anim. Behav. Sci. 2006, 97, 73–83.

8. Narayan, E.; Perakis, A.; Meikle, W. Using thermal imaging to monitor body temperature of koalas (Phascolarctos
cinereus) in a zoo setting. Animals 2019, 9, 1094.

9. Fidel, R.-R.; Farias, J.M. La fiebre. Rev. Fac. Med. 2014, 57, 20–33.

10. Zeisberger, E. From humoral fever to neuroimmunological control of fever. J. Therm. Biol. 1999, 24, 287–326.

11. Walter, E.J.; Hanna-Jumma, S.; Carraretto, M.; Forni, L. The pathophysiological basis and consequences of fever. Crit.
Care 2016, 20, 1–10.

12. Lambert, H.; Carder, G. Positive and negative emotions in dairy cows: Can ear postures be used as a measure?
Behav. Process. 2019, 158, 172–180.

13. White, M.G.; Luca, L.E.; Nonner, D.; Saleh, O.; Hu, B.; Barrett, E.F.; Barrett, J.N. Cellular mechanisms of neuronal
damage from hyperthermia. Prog. Brain Res. 2007, 162, 347–371.

14. Zaremba, J. Hyperthermia in ischemic stroke. Med. Sci. Monit. 2004, 10, 148–153.

15. White, M.G.; Emery, M.; Nonner, D.; Barrett, J.N. Caspase activation contributes to delayed death of heat-stressed
striatal neurons. J. Neurochem. 2003, 87, 958–968.

16. Tan, C.L.; Cooke, E.K.; Leib, D.E.; Lin, Y.C.; Daly, G.E.; Zimmerman, C.A.; Knight, Z.A. Warm-sensitive neurons that
control body temperature. Cell 2016, 167, 47–59.e15.

17. Greenberg, R.; Cadena, V.; Danner, R.M.; Tattersall, G. Heat loss may explain bill size differences between birds
occupying different habitats. PLoS ONE 2012, 7, e40933.

18. Hagan, A.A.; Heath, J.E. Regulation of heat loss in the duck by vasomotion in the bill. J. Therm. Biol. 1980, 5, 95–101.

19. Phillips, P.K.; Sanborn, A.F. An infrared, thermographic study of surface temperature in three ratites: Ostrich, emu and
double-wattled cassowary. J. Therm. Biol. 1994, 19, 423–430.

20. Tattersall, G.J.; Andrade, D.V.; Abe, A.S. Heat exchange from the toucan bill reveals a controllable vascular thermal
radiator. Science 2009, 325, 468–470.

21. Ryeland, J.; Weston, M.A.; Symonds, M.R.E. Bill size mediates behavioural thermoregulation in birds. Funct. Ecol.
2017, 31, 885–893.

22. Baker, L.B. Physiology of sweat gland function: The roles of sweating and sweat composition in human health.
Temperature 2019, 6, 211–259.

23. Costill, D.L. Sweating: Its composition and effects on body fluids. Ann. N. Y. Acad. Sci. 1977, 301, 160–174.

24. Robinson, S.; Robinson, A.H. Chemical composition of sweat. Physiol. Rev. 1954, 34, 202–220.

25. Costill, D.L.; Cote, R.; Fink, W. Muscle water and electrolytes following varied levels of dehydration in man. J. Appl.
Physiol. 1976, 40, 6–11.

26. Mota-Rojas, D.; Olmos-Hernández, A.; Verduzco-Mendoza, A.; Lecona-Butrón, H.; Martínez-Burnes, J.; Mora-Medina,
P.; Gómez-Prado, J.; Orihuela, A. Infrared thermal imaging associated with pain in laboratory animals. Exp. Anim. 2021,
70, 1–12.

27. Johnson, S.R.; Rao, S.; Hussey, S.B.; Morley, P.S.; Traub-Dargatz, J.L. Thermographic eye temperature as an index to
body temperature in ponies. J. Equine Vet. Sci. 2011, 31, 63–66.

28. Edgar, J.L.; Nicol, C.J.; Pugh, C.A.; Paul, E.S. Surface temperature changes in response to handling in domestic
chickens. Physiol. Behav. 2013, 119, 195–200.

29. Cook, N.J.; Chabot, B.; Lui, T.; Bench, C.J.; Schaefer, A.L. Infrared thermography detects febrile and behavioural
responses to vaccination of weaned piglets. Animal 2015, 9, 339–346.



30. Guo, Y.-Y.; Hao, S.; Zhang, M.; Zhang, X.; Wang, D. Aquaporins, evaporative water loss and thermoregulation in heat-
acclimated Mongolian gerbils (Meriones unguiculatus). J. Therm. Biol. 2020, 91, 102641.

31. McManus, C.; Tanure, C.B.; Peripolli, V.; Seixas, L.; Fischer, V.; Gabbi, A.M.; Menegassi, S.R.O.; Stumpf, M.T.; Kolling,
G.J.; Dias, E.; et al. Infrared thermography in animal production: An overview. Comput. Electron. Agric. 2016, 123, 10–
16.

32. Alsaaod, M.; Büscher, W. Detection of hoof lesions using digital infrared thermography in dairy cows. J. Dairy Sci.
2012, 95, 735–742.

33. Napolitano, F.; Mota-Rojas, D.; Guerrero Legarreta, I.; Orihuela, A. The Latin American River Buffalo, Recent Findings,
3rd ed.; BM Editores Press: Mexico City, Mexico, 2020; pp. 1–1545. Available online:
https://www.lifescienceglobal.com/journals/journal-of-buffalo-science/97-abstract/jbs/4550-el-bufalo-de-agua-en-
latinoamerica-hallazgos-recientes (accessed on 18 December 2020).

Retrieved from https://encyclopedia.pub/entry/history/show/30541


