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Summary: Body temperature in the horse is a reference measurement that is considered to be an excellent health indicator. During the 
COVID-19 pandemic, the use of infrared thermal imaging for fever screening became widespread to detect changes in human body tempera-
ture. During the 2021 outbreak of EHV in southern Europe, quarantine and confinement were quickly imposed as the main control measures. 
This impacted equestrian sport for many months and caused relevant damage. To prevent repetition of these events, the equine sport sector 
introduced rules to monitor the temperature of the horses before, during and after competitions. The first objective of this study is to assess 
whether Infrared Thermography (IRT) measurement of either the anus or forehead surface temperature using a FLIR thermal imaging camera is 
an appropriate alternative to rectal measurements using a thermometer for determining body temperature in horses. The second objective is to 
assess the possibility of using IRT body temperature measurement on a large scale, for example in the case of an infectious disease epidemic 
such as EHV-1. 40 healthy geldings from the Swiss Armed Forces with a median age of 7.5 years (range: 4 to 17 years, SD 3.83 years) were 
used. The study was divided into three periods. The first was the pilot study with 13 horses during the summer. The second was during the winter 
with 16 horses and the third with 11 horses in early spring. 10 horses in the second study period and 4 horses in the third wore a blanket, while 
the other 26 horses did not. A conventional veterinary digital thermometer and the FLIR E86 thermal imaging camera were used. The anal IRT 
measurement was made at a distance of 10 cm centred on the middle of the anus. The forehead measurement was made on the midline be-
tween the eyes at distances of 20 and 30 cm. All measurements were taken three times a day (early morning, midday and late afternoon). The 
same location was used over all three testing periods. The median difference between measurements of rectal temperature and surface anal 
temperature was 0.9 °C (SD = 0.96 °C – p value: <2.2 ×10–16). There was a variation between summer and winter (p value: <2.2 ×10–16). The 
ambient temperature was an important parameter influencing the surface anal temperature in our data (p value = 6.34 ×10–29). The median 
difference between measurements of rectal temperature and surface forehead temperature was 15.2 °C (SD = 2.83) at 20 cm and 15.3 °C 
(SD = 2.84 °C) at 30 cm. Repeated measurements of the surface anal temperature with the FLIR showed that the method is reproducible, with 
only small differences between the measurements. Neither the surface temperature of the anus nor the forehead as measured with the FLIR 
allowed efficient prediction of equine rectal temperature. The precision of the methodology applied both to the anus and the forehead was too 
low to allow the effective implementation of this technology to evaluate equine body temperature. In addition, this method is also insufficiently 
accurate for measuring body temperatures on a large-scale during events with a large number of horses.

Keywords: horse, body temperature, rectal measurement, thermographic measurement, large-scale measurement, forehead, anus

Citation: Lutz R, Monod A, Delalay G, Wampfler B, Fürst A, Montavon S (2024) Correlation between rectal and surface temperature measure-
ments in horses – investigating thermography for infection disease screening protocols. Pferdehlk Equine Med 40, 204–212; DOI 10.21836/
PEM20240301

Correspondence: med. vet. Ralph Lutz, Veterinary officer, Veterinary Department of the Swiss Armed Forces, Worblentalstrasse 36, CH-3063 
Bern, Switzerland; ralph.lutz@vtg.admin.ch 

Submitted: 18. März 2024    |    Accepted: 21. März 2024 

DOI 10.21836/PEM20240301

Introduction

Body temperature is a major area of interest within the fields of 
veterinary medicine and physiology; as a reference measure-
ment it is considered to be an excellent health indicator. The 
clinical thermometer introduced in the mid-19th century by Wun-
derlich has been replaced by digital thermometers, radiometric 
devices and microchip identification technology [1–3]. During the 
COVID-19 pandemic, the use of infrared thermal imaging for 
fever screening became widespread to detect changes in hu-
man body temperature. Infrared detection for fever screening 

is currently in use worldwide to control air travel and access to 
public places [4,5]. Interest for these new techniques also arose in 
veterinary medicine and they are now being used in the eques-
trian environment. Infrared thermography (IRT) is a non-contact, 
non-invasive technique that accurately detects temperature dif-
ferences on the surface of an object or anatomical structure [6,7]. 
Abnormal body temperature in animals is a major indicator of 
disease and IRT can assess changes in body surface tempera-
ture quickly and remotely. This technology can potentially be 
applied to a myriad of diseases of various aetiologies across a 
wide range of host species in veterinary medicine [8].
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Thermography used in the equestrian environment is a 
valuable tool for detecting the invisible, locating a problem 
area, its radiation and its intensity. This non-invasive tech-
nique consists of photographing and measuring the differ-
ences in temperature emitted by the animal's body. These 
thermal variations are indicators that can help to identify 
inflamed areas of the body or an area of trauma. Today, 
thanks to the evolution of technology, the analysis of this 
data gives the veterinarian, therapist, trainer, farmer, owner, 
rider or equine professional the means to visualise abnor-
mal temperatures and thus to better understand the source 
of the problem. This can help to efficiently determine the 
appropriate treatment [9–18]. IRT is also a preferred tech-
nique for monitoring recovery in horses, in order to check 
– and adapt if necessary – ongoing treatment to ensure 
optimum effectiveness [19]. In addition, thermography does 
not emit any radiation. It is therefore safe for both the horse 
and personnel.

Equid herpesvirus type 1 (EHV-1) is a worldwide cause of re-
spiratory disease in horses. The infection is also associated 
with complications, including abortion and Equid herpes-
virus-associated myeloencephalopathy (EHM). EHV-1 is a 
highly contagious disease that spreads horizontally via direct 
nose-to-nose contact or indirectly via airborne transmission or 
fomites [20–23]. Typically, only the viraemic phase in the adult 
horse is accompanied by fever (>38.4 °C) [24]. In stables with 
clinical cases of fever and/or EHM, seroconversion was de-
tected in up to 90 % of all horses, including horses without 
clinical signs [25,26]. When appropriate measures are taken, 
outbreaks can be successfully contained to a single stable unit 
[27].

During the outbreak of EHV in southern Europe in 2021, 
quarantine and confinement were quickly imposed as the 
main control measures. This impacted all equestrian sports 
for many months and caused relevant damage. To attempt 
to prevent this from occurring again, the equine sport sec-
tor introduced rules to monitor the serological status and the 
temperature of the horses before, during and after competi-
tions [28].

In the FEI (Fédération Equestre Internationale) disciplines, 
checks on horses arriving at an international event have be-
come very important and compulsory. As well as checking the 
identity and vaccination status of the horses, this also includes 
checking the rectal temperature when horses are unloaded 
from their transport. Horses with a temperature above 38.5 °C 
are immediately placed in quarantine stables and will subse-
quently be examined for their EHV status. The FEI has also 
developed a smartphone application (FEI Horse App) and it is 
required that the rectal temperature of all competing horses 
must be uploaded onto it twice a day for the three days prior 
to the arrival at the international stables. However, rectal tem-
perature measurements prior to and on arrival take time and 
must be carried out meticulously, which has sparked massive 
interest for precise, non-invasive alternate methods to mea-
sure equine body temperature.

Clearly, other equine infectious diseases cause fever, but it 
was the outbreak of EHV-1 that triggered the implementation 
of large-scale body temperature measurements. 

As an outbreak of Equine Herpes Virus 1,4 occurred at ma-
jor show jumping competitions, mainly in Valencia (Spain) in 
March 2021, many other major FEI events were threatened or 
even cancelled. The equestrian world was under pressure and 
had to show resilience and patience. The FEI also had to react 
and set up a monitoring system, particularly for equine body 
temperature. The Swiss Armed Forces have a large number of 
horses, particularly at their centre in Berne (in two locations), 
and therefore quickly put a protection concept in place. 

As studies have already been carried out to evaluate the us-
ability of IRT as an indicator for exertional heat illness (EHI) 
in racehorses or at endurance competitions [29–31], the first 
objective of this study was to assess whether thermographic 
measurement of anus or forehead surface temperature using 
a FLIR thermal imaging camera is an appropriate alternative 
to rectal measurements using a thermometer for determin-
ing body temperature in horses. Therefore, the reproducibility 
and accuracy of the FLIR methodology was evaluated and 
compared to rectal measurement. The second objective was 
to determine the possibility of using body temperature mea-
surement by IRT on a large scale, in the case of an EHV-1 
epidemic, for example.

Materials and methods

Animals

The study population consisted of 40 healthy geldings from 
the Swiss Armed Forces with a median age of 7.5 years 
(range: 4 to 17 years, SD 3.83 years). The study was divided 
into three periods. The first was the pilot study with 13 horses 
during the summer from 2022-07-25 to 2022-08-18. The 
second was during the winter with 16 horses from 2023-01-
30 to 2023-02-23 and the third was with 11 horses during 
the early spring from 2023-03-08 to 2023-03-30. 10 horses 
in the second study period and 4 horses in the third wore a 
blanket, while the other 26 horses did not.

Preparation for measurements

Measurements were taken at the same grooming area in the 
same stable for all three study periods. The first step was to 
prepare the materials that were stored in a wall cupboard in 
the stable during each study period. This consisted of a vet-
erinary rectal thermometer Digi-Vet SC12 (Kruuse, Denmark), 
a weather station IROX METE-ON89 (Germany) with digital 
display of the ambient temperature including humidity and a 
printed blank list of all horses to be sampled. The FLIR E86 
thermal imaging camera was taken from the office to the sta-
ble each time. The weather station was also always placed in 
the same location in the open wall cupboard of this stable.

Depending on the availability of the stable staff, someone would 
bring the horse from its stall to the grooming area. During the 
pilot study, three people carried out the measurements with the 
thermal imaging camera. For the second and third study peri-
ods, the measurements were taken by a different person each 
time but this person was present for the entire testing period 
and the thermal imaging camera measurements were carried 
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out by one person on each testing day. Once the horse was 
tied up, the rectal thermometer was inserted into the anus until 
it reached the display. Care was taken to ensure that the sensor 
of the device was pressed against the intestinal wall in order to 
measure the actual temperature of the intestinal wall and not 
that of any faeces present. When the rectal thermometer signal 
was heard, it was removed from the anus and the reading was 
read and recorded. If the horse was wearing a blanket, only the 
caudal part of the blanket was removed to ensure good access 
to the anus. At the end, the horse was returned to its stall and 
the procedure was repeated with the next horse.

Experimental Design and Device

The body temperature of the horses included in the study was 
measured three times a day, at 7am, 1pm and 7pm. For each 
point in time, the temperature was measured once with a rec-
tal thermometer and several times using a thermal imaging 

camera FLIR E86 (Teledyne FLIR LLC) paired with a FLIR Flex 
View™ dual field-of-view lens (Fig. 1).

During the pilot study, the thermal imaging camera was used 
to take two temperature measurements of the anus from a 
distance of 10 cm. For the second and third study periods, 
temperature was also retrieved from the forehead, once with 
a distance of 20 cm and once with a distance of 30 cm. 

Before using the thermal imaging camera, the current ambi-
ent temperature and humidity were read from a digital tem-
perature display and if necessary, entered into the thermal 
imaging camera. This was repeated before taking measure-
ments for each horse. The camera screen was adjusted so that 
the thermal imaging function was only available in the centre 
of the live image view. The reason for this setting was that with 
the pure thermal image view it was difficult to find the exact 
measuring point depending on the horse. With the help of this 
setting, the anus could be searched for with the normal cam-
era function and the thermal image function could be directed 
exactly to the region of the sphincter above the anus at an 
orientation of 12 o'clock. The thermal imaging camera was 
placed at a distance of 10 cm to the anus for the measure-
ment, which was controlled by the use of a retractable tape 
measuring device. For measurement of the forehead tem-
perature, the camera was placed at a distance of 20 and then 
30 cm, at the level of the central midline between the eyes. 

In practice and for both measurement sites, a slight move-
ment (a few millimetres) of the camera could generate sig-
nificant temperature differences (up to one degree Celsius).

For the measurement, the tail was held to the side by an assis-
tant so that the measurement could be carried out unhindered 
by the examiner. After a waiting period of two to three seconds 
to allow the camera to display a stable value, the measure-
ment was recorded. Between the measuring of two values, the 
camera was moved sideways away from the horse so that it 
was pointed at the floor or a stall wall (Fig.  2, 3, 4)

Fig. 1 The FLIR E86 Advanced Thermal Imaging Camera. (Cre-
dit: Teledyne FLIR LLC).    |   Die leistungsstarke Wärmebildkamera 
FLIR E86. (Bild Teledyne FLIR LLC).

Fig. 2, 3 and 4 The measurement made with the laser point (red) for the anus and forehead - (Credit: Swiss Armed Forces).    |    Die Mes-
sung mittels Laserpunkt (rot) an After und Stirn. (Bild: Schweizer Armee).
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Statistical analysis

The data were collected in a Microsoft Excel 2021 table (Microsoft 
Excel, https://www.microsoft.com/en-gb/, RRID:SCR_016137) 
and loaded in a R Notebook with RStudio 2023.06.1+524 
(https://www.rstudio.com/, RRID:SCR_000432) and R 4.3.1 
“Beagle Scouts” (R Project for Statistical Computing, https://
www.r-project.org/, RRID:SCR_001905) with package readxl 
1.4.3 (https://cran.r-project.org/web/packages/readxl/index.
html, RRID:SCR_018083). Analyses were performed with 
pack  ages dplyr 1.1.2 (https://cran.r-project.org/web/pack-
ages/dplyr/index.html, RRID:SCR_016708) and tidyr 1.3.0 
(https://cran.r-project.org/web/packages/tidyr/index.html, 
RRID:SCR_017102). Figures were computed in R with pack-
ages ggplot2 3.4.2 (https://cran.r-project.org/web/packages/
ggplot2/index.html, RRID:SCR_014601).

Results

Surface anal temperature

The median difference between repeated measurements of 
the surface anal temperature was equal to 0.1 °C (95th per-
centile = 0.6 °C) (Figure 5).

The median difference between measurements of rectal tem-
perature and surface anal temperature was 0.9 °C (5th percen-

tile = -0.5 °C, 95th percentile = 2.7 °C, SD = 0.96 °C). But even 
if we add the value of this median difference of 0.9 °C as a 
correcting summand to the measured surface temperature, we 
observe that more than half the measured values still vary from 
the rectal temperature by 0.5 °C or more (Figure 7). The Pear-
son correlation coefficient between the rectal temperature and 
surface anal temperature was equal to 0.35 (p value: <2.2 ×) 
(Figure 6).

When considering the first sampling period (2022-07-25 to 
2022-08-18) as summer and the second and third sampling 
periods (2023-01-30 to 2023-03-30) as winter, we could 
find that the difference between the rectal temperature and 
the adjusted anal surface temperature in our data varied by 
season, with a generally lower difference in summer than win-
ter (p value < 2.2 ×10–16) (Figure 7. The ambient temperature 
was an important parameter influencing the surface anal tem-
perature in our data (p value = 6.34 ×10–29) according to a 
generalised linear model that used the rectal temperature and 
ambient temperature to predict the surface anal temperature.

Forehead surface temperature

The FLIR was also used to record the forehead surface tem-
perature from a distance of 20 cm and 30 cm during the 

Fig. 5 Difference between two FLIR-
measurements of the surface anal tempera-
ture taken from the same horse at the same 
timepoints.    |    Differenz zwischen zwei 
FLIR-Messungen der Analoberflächentempe-
ratur, die von demselben Pferd zu denselben 
Zeitpunkten vorgenommen wurden.
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measurements for the groups “February 2023” and “March 
2023.” As only one measurement from each distance was 
taken for each horse at each time point, the reproducibility of 
these measurements cannot be assessed.

The median difference between the rectal temperature and 
surface forehead temperature measurements was 15.2 °C (5th 
percentile = 10.3 °C, 95th percentile = 19.7 °C, SD = 2.83 °C) 
when measured from a distance of 20 cm and 15.3 °C (5th 

Fig. 6 Difference between the rectal tem-
perature measured with a thermometer and 
the adjusted surface anal temperature taken 
with the FLIR, measured on the same horse at 
the same timepoint.    |    Differenz zwischen 
der mit einem Thermometer gemessenen 
Rektaltemperatur und der mit dem FLIR ge-
messenen angepassten Oberflächen-Anal-
temperatur, gemessen am selben Pferd zum 
selben Zeitpunkt.

Fig. 7 Difference between the rectal tem-
perature and adjusted surface anal tempe-
rature by season.    |    Differenz zwischen 
der rektalen Temperatur und der angepass-
ten analen Oberflächentemperatur nach 
Jahreszeit.
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percentile = 13.2 °C, 95th percentile = 19.7 °C, SD = 2.84 °C) 
when it was measured from a distance of 30 cm. After adjust-
ing the forehead surface temperature by adding the medi-
an difference from the rectal temperature (i.e. +15.2 °C and 
+15.3 °C, respectively), we observe that 84 % or more of the 
adjusted measurements still vary from the rectal temperature 
by 0.5 °C or more, when measured at a distance of 20 and 
30 cm, respectively (Figure 8).

Discussion

Repeated measurements of the surface anal temperature with 
the FLIR showed that the method is reproducible, with only 
small differences between the measurements. However, these 
repeated measurements were done by the same person, with 
the same FLIR thermal imaging camera and at the same loca-
tion, permitting no conclusion as to the robustness of the meth-
od in terms of the influence of external factors such as person-
nel, material or stabling conditions. The accuracy of the surface 
anal temperature measured with the FLIR to predict the rectal 
temperature measured with a thermometer was not exact, with 
a median difference of 0.9 °C. We used arithmetic to adjust 
the FLIR measurements and account for the lack of accuracy. 
However, the precision of the FLIR methodology is lacking, with 
more than half of the adjusted FLIR measurements deviating by 
more than 0.5 °C from the rectal temperature.

This lack in precision could be explained by several factors, 
including variations in horses, personnel, stabling or meteo-
rological conditions. We noticed in particular that in younger 
horses (<10 years), the shape of the anus is generally round 
and regular. Above this age, the shape can vary and become 
triangular. This complicates the targeting of the centre of the 
anus and therefore impairs the precision of the measure-
ments. Furthermore, there were significant differences accord-
ing to seasonality and ambient temperature, implying that the 
environment is an important factor affecting the precision of 
the FLIR methodology.

Forehead temperatures were measured for comparison with 
rectal temperatures. The aim was to test the feasibility of the 
method rather than its reproducibility. 

The surface temperature of the forehead measured with the 
FLIR did not allow efficient prediction of the rectal temperature 
of the horses. Even after adjustment for the median difference, 
more than 80 % of the values deviated by more than 0.5 °C 
from the rectal temperature. Therefore, this method is a poor 
predictor of rectal temperature and cannot be used for this 
purpose.

General comments and alternative methods

Thermographic measurement with the aid of a FLIR 
thermal imaging camera is not an appropriate method 
to predict a horse’s body temperature in a non-invasive 
way due to lack of precision. In humans and during the 
COVID-19 pandemic, the use of thermal imaging to de-
tect persons with elevated body temperature showed very 
promising results. Remote thermographic measurement 
of body temperature taking into account the appropriate 
values of coefficients and algorithms has been a useful 
criterion for assessing core body temperature. Thermal 
imaging has been used as a screening procedure of po-
tentially virus-infected people who want to enter public 
institutions such as airports worldwide [5]. However, this 
method seems difficult to apply to horses. One of the rea-
sons is practicality; it is difficult to use thermal imaging 
to measure the frontal temperature of horses while their 
heads are moving. Moreover, this was not considered in 
the context of this study. In the context of large-scale mea-
surements of the horse's body temperature, as is the case, 
for example, when horses arrive at an FEI event or at a 
stable of the Swiss Armed Forces, the IRT measurement 
method is not precise enough. In addition, there are many 
factors that play a major role in the values measured. As a 
result, this method of measurement, which is insufficiently 

Fig. 8 Boxplots of the difference between 
the rectal temperature and adjusted forehe-
ad temperature, measured at a distance of 
20 or 30 cm.    |    Boxplots der Differenz 
zwischen der rektalen Temperatur und der 
angepassten Stirntemperatur, gemessen in 
einem Abstand von 20 oder 30 cm.
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accurate (>0.5 °C), would not allow horses arriving with 
a temperature above 38.5 °C to be correctly and reliably 
identified. As a reminder, according to current FEI regu-
lations, a horse with a temperature above 38.5 °C and its 
travelling companions must be quarantined.

An alternative method is the implanted bio-microchip. After 
implementation, it allows for non-invasive measurements of 
the body temperature, but the implementation process itself is 
a very invasive procedure. However, it seems to have gained 
credibility with ethical and animal protection associations. 
Some authors found that the percutaneous thermal sensing 
microchip (PTSM) had good potential to act as an alternative 
option to continuously monitor the body temperature of hors-
es at rest and post-exercise [32] or in foals during the summer 
in subtropical regions [3]. Additional investigations using the 
same technique in horses is necessary to adapt this technolo-
gy broadly to screen the body temperature of horses at race-
tracks and other equestrian disciplines.

Conclusion

The objective of this study was to determine whether a mea-
surement of the surface temperature of the anus or forehead 
captured by a thermal imaging camera from a distance of 
10 cm (anus) and 20 or 30 cm (forehead), respectively, would 
be a suitable non-invasive alternative to conventional rectal 
body temperature measurement. Though the FLIR methodol-
ogy was reproducible in measuring anal surface temperature, 
the precision of the methodology applied both to the anus and 
the forehead was too low to allow the effective implementation 
of this technology to evaluate the body temperature of horses. 
In addition, a procedure for measuring body temperatures on 
a large-scale during events or when horses are call up military 
service with a large number of horses is also insufficiently ac-
curate. Therefore, thermography is not suitable for infection 
disease screening protocols.
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