
Infrared thermography as a tool in 
disease screening and detection
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Rectal temperature has long been the gold standard for disease detection in postpartum 
dairy cows. Rectal temperature readings are used to monitor and detect variations in the 
body temperature of the dairy cow. Rectal temperatures vary from cow to cow but on 
average, bovine rectal temperature will range from 101.5 to 103° F, with a fever being 
defined as a temperature greater than 103° F. These variations in rectal temperature will 
depend on factors such as health status, age, time of day, or season of the year. Diseases 
such as mastitis, foot and mouth, milk fever, displaced abomasum, and others cause the 
rectal temperature in the dairy cow to fluctuate, generally causing fever. This correlation 
between changes in rectal temperature and changes in health status helps confirm the gold 
standard status of rectal temperature.

Infrared thermography (IRT) has been studied in other contexts for its ability to detect 
disease prevalence. Schaefer et al. (2007) demonstrated that by using IRT, especially of 
facial scans, temperature increases of 1.5°C to 4°C (P < 0.01) could be detected several days 
to one week before clinical scores indicated illness. This study suggested that IRT could 
be very useful in general 
disease detection, but may 
not be the best option to 
diagnose a specific affliction 
unless paired with other 
pathological metrics (such 
as immune parameters). 
Rainwater-Lovett et al. 
(2009) conducted a trial 
to determine if IRT can 
be used to screen for foot-
and-mouth disease. The 
investigators observed 
warmer temperatures around the hooves in infected animals, which could not be attributed 
to the flooring used in the experimental design.

Ocular temperatures may prove particularly useful for diagnostic purposes. Švejdová, 
et al. (2015) measured surface temperatures at multiple locations on cow’s bodies and 
found that the temperature of the eye was the most significantly correlated with rectal 
temperatures. As reported by Shaefer et al. (2007), eye temperatures, once elevated, tend 
to stay consistently elevated, which strengthens their efficacy as a diagnostic or monitoring 
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Figure 1. Infrared thermography (IRT) sites on the cow’s head.



point. Additionally, ocular temperatures allowed for earlier detection of fever conditions 
(P < 0.05) than temperatures taken from the ear, nose, or back. Moderate correlations were 
found between orbital and rectal temperatures (r = 0.60) when attempting to use IRT to 
diagnose foot-and-mouth disease (Schaefer 2003).

Other studies have 
looked at using the 
temperature of the 
udder itself to predict 
mastitis. Berry et al. 
found that udder 
temperature follows 
a circadian rhythm 
and that the previous 
day’s temperatures 
were relatively accurate 
in predicting the 
temperature on the 

following day. Additionally, Colak et al. (2008) reported that udder surface temperature 
increased linearly with California Mastitis Test (CMT) score and could be best described 
using the following equation:

y = 0.94x + 33.17

where x = skin surface temperature and y = CMT score. CMT scores were recorded as 
described by Sargeant et al. (2001), in which 0 is a negative result, 1 (+) is a trace, and then 
2 (++) and 3 (+++) are positive results. This relationship demonstrates that IRT can likely 
indicate if an animal has a relatively high somatic cell count and may perhaps be used for 
screening or monitoring purposes instead of conducting a CMT. Polat et al. (2010) found 
that udder skin surface temperature, when detected by IRT, did not differ in specificity or 
sensitivity from a CMT score. Hovinen et al. (2008) found that IRT could detect changes 
in udder temperature when animals were induced experimentally with mastitis and that 
this temperature correlated with rectal temperature. However, local signs of inflammation 
were observed before increases in udder temperature. Thus, they concluded that IRT might 
not be fully effective as a method to predict mastitis, but it has potential for monitoring, 
and more research is needed.

A challenge with IRT is to determine exactly where to measure temperature on the udder 
and how to analyze this data, as udder surface temperature is not uniform. Metzner et 
al. (2014) found that a “polygon” approach was better at detecting temperature changes 
when compared to “rectangles” or “lines” when measuring the surface of the rear quarters. 
The polygon method involved outlining the rear quarters and analyzing the surface area 
within the outlines. The rectangle method outlined portions of the rear quarters, starting 
just above the bases of the rear teats and ending at the height of the stifle joint. Finally, 
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Figure 2. IRT sites on the cow’s side.
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the line method simply drew lines along the outside borders of the rectangles mentioned 
previously. The most meaningful value when using the geometric analysis tool “polygon” 
was the descriptive parameter “maximum.” The polygon approach with the measurement of 
this maximum value yielded the strongest correlation between rectal temperature and the 
rear quarters’ surface temperatures, along with the highest sensitivity and specificity (1.00 
and 0.96, respectively). The researchers found that, although the “line” method had the 
smallest standard deviation (SD), that also meant it detected less significant temperature 
differences. The SDs for the “polygon” and “rectangle” approaches were not statistically 
different. 

The Dairy Focus Group conducted a study using IRT in mid-April 2016. We took 
thermal images of 25 mid-lactation Holstein cows (136 ± 54 DIM) over a 4-day period. 
The study was conducted at the University of Illinois Dairy Research Farm in one of its 
tie-stall facilities. Thermal images were taken of the face, rear and right side (if facing 
the rear of the cow) as well as rectal temperature, heart rate and respiration rate. Seven 
points from the face, four points from the side and five points from the rear (Figures 
1, 2, and 3 respectively) were selected for temperature analysis. Images were examined 
using FLIR Tools (version 5.9.16284.1001) and the temperature of the selected points 
were recorded. All data was consolidated into Excel 2016 and separated by angle of view 
(face, rear, and right) and then by specific points. Cows were divided into two groups by 
temperature, where Group 1 contained cows with rectal temperatures below 102.3° and 
Group 2 contained cows above 102.3°. No difference in rectal temperature was observed 
between the two groups. Data was then analyzed and compared point-by-point with rectal 
temperature to determine any correlations. Among the points measured in our study, 
the highest coefficients of determination (r2 values) were found for the poll (Figure 4) 
and left ear (Figure 5) (r2 = 0.03 and 0.04, respectively). The ears and poll of the cow are 
involved in thermoregulation of blood supply to the brain, and temperature readings at 
these two locations have the potential to be strong indicators of irregular thermoregulation 
(Robertshaw 1985).

Figure 3. IRT sites on the cow’s rear.
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All other points had relatively lower r2 values, but still offer opportunities for additional 
research. As mentioned previously, ocular temperature has been strongly correlated with 
rectal temperature, and coupled with environmental factors (air flow, ambient temperature, 
direct sunlight, etc.) can be a strong indicator of disease. With the current trend towards 
automation and larger herd sizes, being able to establish an automated system capable of 
monitoring cow health non-invasively could be very beneficial for the producer. 

– Sierra Schreiber, Kelly Ryan, and Dr. Phil Cardoso

Figure 4. Relationship between rectal temperature and temperature measured at poll 
using IRT.

Figure 5. Relationship between rectal temperature and temperature measured at left ear 
using IRT.



5

References

1.	 Berry, R. J., A. D. Kennedy, S. L. Scott, B. L. Kyle, and A. L. Schaefer. 2003. 
Daily variation in the udder surface temperature of dairy cows measured by infrared 
thermography: Potential for mastitis detection. Can. J. Anim. Sci.

2.	 Colak, A., B. Polat, Z. Okumus, M. Kaya, L. E. Yanmaz, and A. Hayirli. 2008. 
Short Communication: Early Detection of Mastitis Using Infrared Thermography in 
Dairy Cows. J. Dairy Sci. 91:4244-48. doi:10.3168/jds.2008-1258.

3.	 Fosgate, G. T., I. M. Petzer, and J. Karzis. 2013. Sensitivity and specificity of a 
hand-held milk electrical conductivity meter compared to the California mastitis test for 
mastitis in dairy cattle. Vet J. 196(1):98-102. doi: 10.1016/j.tvjl.2012.07.026.

4.	 Holland, J. K., J. C. Hadrich, C. A. Wolf, and J. Lombard. 2015. Economics of 
measuring costs due to mastitis-related milk loss. Presented at: AAEA & WAEA Joint 
Annual Meeting; San Francisco, California.

5.	 Hovinen, M., J. Siivonen, S. Taponen, L. Hänninen, M. Pastell, A. M. Aisla, and S. 
Pyörälä. 2008. Detection of clinical mastitis with the help of a thermal camera. J. Dairy Sci. 
91:4592-98. doi:10.3168/jds.2008-1218.

6.	 Metzner, M., C. Sauter-Louis, A. Seemueller, W. Petzl, and W. Klee. 2014. Infrared 
thermography of the udder surface of dairy cattle: Characteristics, methods, and correlation 
with rectal temperature. The Veterinary Journal 199:57-62.

7.	 Polat, B., A. Colak, M. Cengiz, L. E. Yanmaz, H. Oral, A. Bastan, S. Kaya, and 
A. Hayirli. 2010. Sensitivity and specificity of infrared thermography in detection of 
subclinical mastitis in dairy cows. J. Dairy Sci. 93:3525-32.

8.	 Rainwater-Lovett, K., J. M. Pacheco, C. Packer, L. L. Rodriguez. 2009. Detection of 
foot-and-mouth disease virus infected cattle using infrared thermography. The Veterinary 
Journal 180:317-24. doi:10.1016/j.tvjl.2008.01.003.

9.	 Redetzky, R., J. Hamann, N. T. Grabowski, and G. Klein. 2005. Diagnostic value of 
the California Mastitis Test in comparison to electronically-counted somatic cells in bovine 
milk. Pages 487–494 in Mastitis in Dairy Production. 4th IDF International Mastitis 
Conference, Maastricht, the Netherlands.

10.	 Robertshaw, D. 1985. Heat loss of cattle. In: Yousef, M. K., editor. Stress Physiology 
in Livestock.Volume 1. Basic principles. Boca Raton (FL): CRC Press; 1985. p. 55-65.

11.	 Sargeant, J. M., K. E. Leslie, J. E. Shirley, B. J. Pulkrabek, and G. H. Lim. 2001. 
Sensitivity and specificity of somatic cell count and California Mastitis Test for identifying 
intramammary infection in early lactation. J. Dairy Sci. 84.9: 2018-24.

12.	 Schaefer, A. L., N. Cook, S. V. Tessaro, D. Deregt, G. Desroches, P. L., Dubeski, 



6

A. K. W. Tong, and D. L. Godson. 2003. Early detection and prediction of infection using 
infrared thermography. Can. J. Anim. Sci.

13.	 Schaefer, A. L., N. J. Cook, J. S. Church, J. Basarab, B. Perry, C. Miller, and A. K. W. 
Tong. 2007. The use of infrared thermography as an early indicator of bovine respiratory 
disease complex in calves. Research in Veterinary Science 83:376-84.

14.	 Švejdová, K., M. Šoch, A. Šimková, L. Zábranský, B. Čermak, I. Novotná, D. 
Jirotková, A. Švarcová, and T. Frejlach. 2015. Body surface temperature of cows in the 
stable. Presented at: Towards Climatic Services; Nitra, Slovakia.


