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Abstract 

Measuring core body temperature is used as part of the diagnostic 

process in assessing the health of animals.  Typically in calves, this is 

carried out using a rectal thermometer which can be time consuming, 

stressful to the calf and is invasive by nature.  A non-invasive 

technique that is gaining recognition is thermal imaging.  This study 

investigated the use of thermal imaging as a technique to assess core 

body temperature in pre-weaned artificially reared calves.  A total of 

125 male and female calves had rectal temperatures measured daily 

from day 7 until day 40 of life, and at the same time had a thermal 

image taken of the area around the medial canthus of the eye.  A 

weak correlation (r = 0.28) was found between calf rectal 

temperature and thermal image temperature.  A multivariable 

predictive model for core body temperature increased the correlation 

(r=0.32) when including the environmental parameters of air 

temperature (p<0.001) and wind speed (p<0.001) as well as 

reconstituted milk replacer consumption (p<0.01).  The effectiveness 

of a predictive model including these parameters for the detection of 

calves with a core body temperature ≥39.5
o
C was examined and 

found to have a sensitivity of 0% and a specificity of 100%. 

The results of this study demonstrate the need to take thermal 

environmental parameters into consideration when using thermal 

imaging to assess body temperature.  However, the results suggest 

that accurate measures of core body temperature using thermal 

imaging cannot be achieved under commercial farm conditions.  

Further research is needed to determine what other factors could be 

measured to increase predictive ability. 
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Introduction 

Diarrhoea and respiratory disease are major causes of mortality in 

artificially reared pre-weaned calves.  Early detection of these 

diseases can result in earlier treatment, thereby reducing their 

severity for the calf and potentially reducing spread to other members 

of the group.  Body temperature is used as an aid in the diagnosis of 

ill health in calves (McGuirk and Peek, 2014).  Changes in core body 

temperature can be an early indicator of disease, being one of the first 

clinical signs to manifest in cases of respiratory disease (McGuirk 

and Peek, 2014).  The most common method for taking body 

temperature in calves is by inserting a thermometer into the rectum of 

the animal.  This technique requires restraint of the animal, which in 

itself can act as a stressor.  In addition, this method has no agreed 

technique (Naylor et al., 2012) and is not without errors.  One 

possible source of variation that could cause error is the presence or 

absence of faeces in the rectum at the time of measurement.  As 

Burfeind et al., (2010) showed, the depth of insertion of the 

thermometer into the rectum can influence the result gained.  Their 

study found that the temperature obtained at an insertion depth of 

11.5cm was up to 0.4
o
C higher compared to temperatures obtained 

from an insertion depth of 6cm.  The procedure of taking rectal 

temperature is time-consuming and disruptive to the animal due to its 

invasive nature, and potentially inaccurate.  For these reasons, other 

techniques to measure core body temperature more easily need to be 

explored. 

A number of novel non-invasive technologies have been developed.  

Rumen temperature boluses have been developed to record body 
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temperature in cattle (Knauer et al., 2016).  However, such a device 

would still require an invasive procedure (oral administration) to be 

carried out to enable temperature to be recorded.  Also such a device 

requires a developed rumen and as such would not be of use in new-

born calves.  FeverTags™ (FeverTags, 3846 Business Park Drive, 

Amarillo, Texas 79110, USA) have been used to assess body 

temperature of young and growing classes of bovines in studies by 

Mahendran et al., (2017) and McCorkell et al., (2014).  This 

technology involves the fixing of the device to the ear and the 

insertion of a probe into the ear canal to allow for continuous 

monitoring of body temperature.  However, McCorkell et al., (2014) 

stated that these tags did not always detect sick animals.  Suggested 

reasons for this were the placement of the tag in the ear, as well as 

the displacement of the ear canal probe.  If the tag was placed more 

laterally in the pinna of the ear, then this reduced the depth of the 

probe in the ear canal. 

A contactless, non-invasive technology that is gaining recognition 

and momentum in the field is infrared imaging, also referred to as 

thermal imaging.  Thermal imaging devices detect radiated energy 

from objects, and create electronic images based on how much 

radiated energy is emitted.  The hotter the object is, the more radiated 

energy is emitted. 

This non-invasive technology can be used for assessment of the 

health and welfare of cattle (Stewart et al., 2005; Theurer et al., 

2013).  For example, the technique has been used for the detection of 

lameness (Alsaaod et al., 2014; Alsaaod and Büscher, 2012; Nikkhah 

et al., 2005) and mastitis in dairy cattle (Berry et al., 2003; Colak et 
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al., 2008; Hovinen et al., 2008) as well as to detect early signs of 

bovine respiratory disease in growing cattle in feedlots (Schaefer et 

al., 2012, 2007). 

There has been little research carried out investigating the use of 

thermal imaging in pre-weaned calves.  Stewart et al., (2008) used 

this technique to examine the response of calves to disbudding, and 

Lowe et al., (2016) have used thermal imaging for the early diagnosis 

of calf diarrhoea. 

The aims of this study were to determine if thermal imaging could be 

used as an alternative method to assess core body temperature in pre-

weaned calves.  The correlation between core body temperature 

(assessed using a rectal thermometer measurement) and the 

temperature obtained via a thermal image of the medial canthus of 

the eye was investigated.  In addition, a multivariable predictive 

model was developed that incorporated climatic variables with the 

aim of improving the ability of the thermal imaging measurements to 

predict rectal temperature as a proxy for core body temperature. 

Materials & Methods 

Calves – housing and diet 

The experiment was conducted at SRUC Dairy Research & 

Innovation Centre, Crichton Royal Farm, Dumfries between 9 

January 2017 and 3 September 2017 (Home Office PPL 

P204B097E).  The study used 100 pure-bred Holstein male and 25 

pure-bred Holstein female calves born from the two dairy herds at the 

Centre. 
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Pre-Trial (individual hutch) 

All calves were removed from their dam within 24 hours of birth, 

identified by the insertion of eartags, navel dipped with iodine, and 

fed four litres of thawed high quality colostrum.  Once removed from 

their dam, the calves were transferred to the calf rearing building and 

placed in an individual calf hutch (Calf-Tel, Hammel Corporation, 

Wisconsin, USA) that was bedded with straw.  Female calves were 

fed in accordance with normal farm practice which was three litres of 

reconstituted milk replacer (Omega Gold, ForFarmers, Suffolk, 

England; crude protein 23%, crude fat 18%, crude fibre 0.1%, crude 

ash 8.5%) at a concentration rate of 15% fed twice a day (0730hours 

and 1600hours) from teat feeder buckets.  As part of another research 

trial, if the male calves still appeared to be hungry (i.e. investigating 

or licking the teat bucket) after their initial three litres of milk, then 

they would be offered an additional three litres.  This practice was 

repeated at both feeds during the day.  Whilst in the individual 

hutches, all calves, regardless of sex, had ad-libitum access to fresh 

water and starter pellets (VitaStart + Deccox, ForFarmers, Suffolk, 

England; crude protein 18%, crude fats & oils 4%, crude fibre 

11.5%, crude ash 7%, 3mm diameter) both of which were fed via two 

small buckets.  All feeding buckets (i.e. water bucket, milk teat 

feeder bucket, concentrate pellet bucket) remained with each calf for 

the duration of time that each calf was in the individual hutch.  They 

were then removed and washed before being used for another calf.  

The individual hutch was also washed between calves and the 

bedding removed. 
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Trial (Group hutch) 

Both male and female calves remained in the individual hutches for 

seven days.  They were then eligible to be moved to a group hutch 

using the Igloo system (Holm & Laue, Westerfeld, Germany).  The 

Igloo system consisted a hand laminated fibre-glass plastic 

constructed dome (igloo) (3.9 m, 4.4 m, 2.2 m) which provided the 

calves with shelter.  In front of the Igloo there was a roofed pen 

(5.1m x 5.1m – length x width).  Both areas were covered in straw, 

and this was replenished on a weekly basis as well as regularly 

removed (every 2 weeks).  Calves were fed milk via an H&L 100 

automatic milk feeder (Holm & Laue, Westerfield, Germany).  Once 

in the group pen, male calves were allowed to drink up to eight litres 

of reconstituted milk replacer every 12 hours, resulting in a 

maximum allowance of 16 litres per day until the commencement of 

the weaning process at day 40 of age.  There was no restriction on 

volume per visit to the automatic feeder, thereby allowing the male 

calves to consume all eight litres in one visit.  Female calves had 

access to 3.6 litres every 12 hours, resulting in a maximum allowance 

of 7.2 litres per day until day 40 of age, when the weaning process 

began.  However, at every visit to the feeder, female calves were 

restricted to 1 litre per visit.  Apart from maximum volume and 

volume per visit, there were no other differences in the milk feeding 

process for either sex.  All data regarding milk feeding was 

downloaded from the automatic calf feeder (H&L Calfguide).  Whilst 

in the group hutch, calves had ad-libitum access to starter pellets via 

a trough.  This feed was the same as that offered during their time in 

the individual hutches.  Constant access to fresh water was 
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maintained via a drinking bowl.  Male calves were housed in a 

separate group hutch to the female calves but the stocking density of 

the group pens was kept at 14 per group regardless of the sex of the 

calf. 

Measurements 

Measurements were taken from each calf from the day it entered the 

group hutch (7.9 days of age ± 0.09) (mean ±se) until day 40 of age 

when the weaning process commenced.  Every day between 0800 

and 1000 hours, all calves within the group hutch were collected and 

temporarily penned in the concrete apron at the front of the group 

hutch (5.1 metres by 1.9 metres) where they remained until the 

measurements on all the calves were completed.  Each calf was 

removed from the temporary pen and placed in a modified weigh 

crate.  The modifications to the weigh crate included the removal of 

the weigh bars and display, and the partial removal of the left panel 

to allow access to the calf.  The modified weigh crate was placed in 

the alley outside the group hutch.  The first procedure carried out on 

each calf whilst restrained in the modified weigh crate was the 

assessment of rectal temperature.  This measurement was taken using 

a newly purchased digital thermometer (Genia Digiflash, St. Hilaire 

de Chaléons, France) which was inserted to a depth of 6cm.  The 

head of the calf was held by an operative to allow a thermal image to 

be taken by the experimenter.  Immediately before the capture of the 

thermal image, air temperature (
o
C), wind speed (m/s) and relative 

humidity (%) were noted from a Kestrel 4500 weather meter 

(Nielsen-Kellerman, Birmingham, MI, USA) with air temperature and 
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relative humidity programmed into the image details.  The weather 

meter was positioned at the level of the calf’s head. 

Thermal Images 

Thermal images were taken using a FLIR SC620 thermal camera 

(FLIR Comp, Boston, MA, USA) 0.5metres from the subject calf at 

an angle of between 45
o
 and 90

o
 with an emissivity of 0.98 and a 

reflective temperature of 15
o
C.  The thermal camera had a pixel 

resolution of 640x480.  The thermal image was taken from the area 

in and around the medial canthus of the left eye of the calf (Figure 1), 

as this area of the body has been shown to be a proxy measure for 

core temperature (Childs et al., 2012).  Over the duration of the 

study, three trained operators acquired the thermal images.  The 

coefficient of variation for the repeatability of thermal imaging and 

between operator variability was calculated by the following 

equation: CV(%) = (sd/mean) x 100; and found to be 0.41% and 

0.56% respectively.  After each imaging session, the thermal images 

were transferred from the SD memory card of the thermal camera to 

a computer.  Using ThermaCAM™ Researcher Professional 2.10 

software (FLIR Systems, Danderyd, Sweden), the colour palette was 

changed from the default Iron to Rainbow900 to allow for clearer 

observation.  An area 2.5cm in diameter was imposed over the 

medial canthus area of each image to allow the software to extract the 

maximum temperature (Byrne et al., 2017) within that area. 

Secondary group examination 

During the data analysis, an effect of calf sex on temperature was 

discovered.  However, as female calves were fed on a different 

regime than male calves, the effect of sex and feeding regime could 
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not be differentiated.  Therefore a secondary group of 22 calves were 

examined further.  This non-study group consisted of 10 male and 12 

female calves of similar age to those used in this study.  Thermal 

images were taken alongside rectal temperatures using the method 

explained previously and processed in the same way.  The calves 

examined were all fed on the same milk feeding programme 

regardless of sex. 

 

Data analysis  

All statistical analysis was conducted using R-software (R Core 

Team, 2016).  On any day, if calves had a missing value for rectal 

temperature or thermal image temperature, these records were 

excluded from the dataset for analysis.  This resulted in a final 

dataset of 3,737 pairs of rectal and thermal image temperature values 

from 125 calves.  All continuous measures were assessed for normal 

distribution. 

Water Vapour Density 

Water vapour density (g/m
3
) was calculated retrospectively from the 

recorded air temperature and relative humidity using the following 

calculations (Vaisala, 2013); 

A = C · Pw/T 

where A represents the absolute humidity (water vapour density) 

(g/m
3
), C represents a constant  of 2.16679 (gK/J), Pw represents 

vapour pressure (Pa), T represents air temperature (K).  Pw was 

derived from the following calculation; 
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Pw = Pws(T) * RH/100 

where Pw represents vapour pressure (hPa), Pws   represents water 

saturation vapour pressure (hPa), T represents air temperature (
o
C) 

and RH represents relative humidity (%).  Pws was derived from the 

following calculation; 

Pws = A * 10
(m T/T+Tn)

 

where Pws represents water saturation vapour pressure (hPa), A 

represents a constant (6.116441), m represents another constant 

(7.591386), T represents air temperature (
o
C) and Tn represented the 

constant 240.7263. 

The constant values for A, m and Tn were selected for the temperature 

range of -20 to +50
o
C. 

 

Statistical analysis 

Using the “lme4” package (Bates et al., 2015), a multivariable linear 

mixed effects model to predict core body temperature was 

constructed by applying the stepwise manual backward elimination 

method.  Due to the repeated measurements of each calf, calf ID was 

included in the model as a random effect along with thermal image 

temperature, air temperature, wind speed and reconstituted milk 

replacer consumption.  The maximal model included the variables 

thermal image temperature, air temperature, relative humidity, water 

vapour density, wind speed, consumption of reconstituted milk 

replacer between recording sessions, age of calf and sex of calf.  

Explanatory variables were then removed in turn, the one with the 
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lowest significance/highest P value first.  This was carried out until 

only variables that were statistically significant (p value <0.05) 

remained in the model. 

 

Predictive equation creation 

The dataset was randomly divided into two subsets, with half being 

used to create the model (training dataset, 1859 observations) and the 

remaining half being used to validate the model created (testing 

dataset, 1878 observations).  The dataset was divided by calf ID 

(training dataset: 50 male, 12 female; testing dataset: 50 male, 13 

female). 

The “lme4” package (Bates et al., 2015) was used to create the 

multivariable linear mixed model with the explanatory variables from 

the previous model refinement.  The explanatory variables of air 

temperature, wind speed and thermal image temperature were centred 

to allow the model to converge.  The training data set was used to 

generate a predictive model, which was then applied to the testing 

data set, but excluding the random effects to generate predicted 

values for rectal temperature.  The predicted and actual rectal 

temperatures were compared. 

Effectiveness of equation 

An analysis of specificity and sensitivity was carried out using 

“caret” package to examine how reliable the created equation was at 

predicting core body temperature over 38.8
o
C (median temperature 

from training dataset) and 39.5
o
C that represented pyrexia in calves 

(Knauer et al., 2016; Mahendran et al., 2017). 
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Results 

Relationship between core body and thermal image 

temperature 

Regardless of the sex of the calf, thermal image temperature was 

2.1
o
C ±0.01 (mean ±se) lower than rectal temperature.  The mean 

rectal temperature of the study calves was 38.8
o
C ± 0.01 (mean ±se) 

(Table 1).  A comparison of the mean rectal temperature by calf sex 

showed that the rectal temperature of male calves was on average 

0.2
o
C higher than female calves.  When plotted, rectal temperature 

showed a weak positive relationship (r= 0.28) with the thermal image 

temperature (Figure 2).  As the sex of the calf and the feeding regime 

were confounded in the main study group, the data from the 

secondary group inspection (where both male and female calves were 

fed on the same regime) was tested to determine whether a real sex 

effect existed.  Analysis of this data showed that the mean rectal 

temperature of the calves was 38.7
o
C ±0.07 (mean ±se), with the 

mean rectal temperature for the male calves of 38.8
o
C ±0.10 (mean 

±se) and the female calves 38.7
o
C ±0.09 (mean ±se) (F (1, 20) = 

0.366, p=0.552).  There was no difference between sexes of calf in 

terms of thermal image temperature (male calves 37.3 ±0.12
o
C; 

female calves 37.3±0.21
o
C (mean±se), F (1, 20) = 0, p=0.983). 

 

Climatic and diet variables 

Air temperatures during data collection ranged from -0.8 
o
C to 22.6 

o
C (10.9 ±0.007, mean ± se) with wind speed ranging from 0.0m/s to 

2.3m/s (0.2 ± 0.01, mean ± se).  Relative humidity ranged from 
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49.0% to 100.0% (85.5 ± 0.22, mean ±se) and from the calculation, 

water vapour density (WVD) ranged from 3.8g/m
3
 to 15.7g/m

3 
( 8.8 ± 

0.04, mean ± se).  Regardless of the sex of the calf, the consumption 

of reconstituted milk replacer ranged from 0.0 litres/day to 15.2 

litres/day (5.9 litres ±0.04 (mean ±se)).  The mean consumption of 

the reconstituted milk replacer by the male calves was 6.1 ±0.04 

litres/day (mean ±se) and 5.1±0.05 litres/day (mean ±se) for the 

female calves. 

 

Predictive model 

The parameters of age, relative humidity and water vapour density 

were dropped from the maximal multivariable model (p=0.713, 

p=0.486, p=0.218 respectively) (Table 2).  As a result of this, only 

the variables of thermal image temperature, air temperature, wind 

speed, consumption of reconstituted milk replacer (Milk diet) and sex 

of calf were retained at this stage of the analysis.  However, sex of 

calf was later dropped from the model as a result of the secondary 

group examination. 

 

Predictive equation 

From the training dataset, the estimates in Table 3 were derived, 

however these values were based on the centred values for the fixed 

effects.  In the first instance, the values were centred to allow 

convergence.  Centring was carried out by subtracting the mean of 

the variable from each of the datapoints of that variable.  To obtain 

the intercept of 26.451 values were un-centred. 
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The final predictive equation created was: 

Rectal temperature = 26.451 + 0.347 *thermal image temperature – 

0.026* air temperature +0.122* wind speed – 0.020*Milk diet 

There was a moderate relationship (r = 0.32) between the predicted 

values generated from the testing dataset based on the model from 

the training dataset and the actual observed rectal temperatures which 

is an improvement from the original correlation (r = 0.28) (Figure 3). 

 

Effectiveness of thermal imaging as a predictor of rectal 

temperature 

Sensitivity (Se) and specificity (Sp) analysis was carried out using 

the testing dataset to examine how well the model worked at two 

various temperatures, 38.8
o
C (median temperature of the dataset) and 

39.5
o
C to represent pyrexia (Table 4).  The model was less sensitive 

at predicting rectal temperatures >39.5
o
C than at 38.8

o
C (Se = 0.00 

(39.5
o
C), 0.73 (38.8

o
C)).  Therefore, it was poor at detecting calves 

that did in fact have a rectal temperature greater than 39.5
o
C (true 

positive). 

Discussion 

Relationship between core body and thermal image 

temperature 

This study aimed to establish if there was a relationship between 

rectal temperature and the temperature extracted from a thermal 

image.  It was found that there was a weak correlation between rectal 
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temperature and thermal image temperature of 0.28.  A similar 

correlation (0.24) was found by Scoley et al., (2018).  George et al., 

(2014) suggest a much stronger relationship with a correlation of 

0.58.  A possible reason for the variation in this relationship could be 

due to the age of animal used in both studies.  Calves between 7 and 

40 days of age were used in this study, whereas (George et al., 2014) 

used multiparous cows.  Another possible reason for the difference 

could be due to thermoregulation in the calf.  Hill et al., (2016) 

demonstrated that the body temperature of calves was at its lowest 

around 0800hours, and at its maximum between 1700 and 2200hours.  

The study by George et al., (2014) took readings slightly later in the 

day than this study (0900 to 1200hours, this study 0800 to 

1000hours).  Also the core body temperature of an adult cow is liable 

to be more stable than that of a young calf due to the adult cow 

having a developed rumen which will generate heat. 

It has been suggested that rectal temperature is a true measure of core 

body temperature but it may vary with thermometer placement 

(Burfeind et al., 2010; Naylor et al., 2012).  However, it is the best 

measure available and is used by veterinary professionals to detect 

pyrexia.  As far as the authors are aware, there is no known agreed 

procedure for the accurate use of digital thermometers.  Likewise it 

has been shown that eye temperature varies with environmental 

influences such as wind speed (Church et al., 2014).  However, there 

are no other easily accessible places on the body. 

A similar issue is raised when selecting an area of the body to 

estimate core body temperature with thermal imaging.  Teunissen and 

Daanen (2011) question whether or not the inner canthus of the eye is 
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the most suitable area to take a thermal image of to estimate core 

body temperature as they found that there was often an inconsistent 

relationship with the thermal image temperature of this area 

compared to the temperature of the oesophagus in humans. 

Climatic and diet variables and the predictive model 

Both air temperature and wind speed were shown to be of statistical 

significance (p<0.001) in the final model to predict rectal 

temperature using thermal image temperature.  These findings 

corroborate the ideas of Church et al., (2014), who suggested that 

wind speed affected the thermal image temperature.  However, 

according to Gloster et al., (2011), air temperature had no significant 

effect on the temperature gained through thermal imaging of the eye 

(p>0.05), despite showing a difference between rectal temperature 

and thermal image temperature of the eye of around 2
o
C which is 

similar to the present study. 

From this study, it can be seen that there is a moderate relationship 

between rectal temperature and predictive rectal temperature using 

the model created.  However, it can also be seen in Figure 3 that there 

is large variation surrounding the predicted values that was not 

captured by the measurements taken in this study.  One possible 

source of variation that was not assessed was the effect of solar 

radiation on the surface temperature of the eye of the calves.  Studies 

by Paterson et al., (2011) found that levels of solar radiation was 

statistically significant in their study and included in their model. 

Other possible reasons for this variation could be the distance from 

which the thermal image was taken, the angle at which the thermal 
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image was taken and surrounding environment.  Okada et al., (2013) 

have shown that the distance between the object of interest and the 

imaging device is of importance to obtain an accurate thermal image 

temperature.  The distance chosen for this study (0.5m) may possibly 

not have been adequate.  Okada et al., (2013) noted that the greater 

the distance, the lower the detected temperature by thermal imaging, 

especially over 2.0m.  This could also account for the lack of 

agreement in the correlation between thermal image temperature and 

rectal temperature between this study and George et al., (2014).  This 

study used a distance of 0.5m whereas George et al., (2014) was 

slightly closer at 0.3m.  Jiao et al., (2016) have also shown the angle 

at which the thermal image is taken is also of importance.  It was not 

possible to fully restrain the calf’s head during measurements, and 

therefore the angle at which the thermal image was taken would vary 

slightly depending on calf movement. This may have resulted in 

some variability in the reading obtained. 

The inclusion of diet in the model would take into consideration that 

the calf is metabolically immature in terms of temperature regulation.  

Also environmental and physical stressors can induce metabolic 

changes in the calf which in turn can affect temperature regulation 

(Carroll et al., 2012). 

Reliability of Model 

The sensitivity and specificity analysis suggest that the model could 

not correctly identifying incidences of pyrexia (i.e. core body 

temperatures over 39.5
o
C; Se =0.00).  At this temperature threshold, 

the model only identified 1 incidence of pyrexia correctly out of the 

214.  Naturally, the sensitivity of the model improves at a lower 
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temperature threshold (e.g. 38.8
o
C) due to more incidences being 

included in the sample.  At the temperature threshold level of 38.8
o
C, 

the model correctly identified 755 incidences above this temperature 

out of 1041.  However, at the 39.5
o
C threshold, the predictive 

equation could correctly exclude the condition (i.e. identify a 

temperature below 39.5
o
C) when it was not present (Sp=1.00).  This 

can also been seen by the negative predictive value (NPV) (0.89) 

meaning that 89% of cases truly had a core body temperature below 

39.5
o
C.  The NPV will increase and the PPV will decrease as the 

prevalence of the condition decreases.  Using the 39.5
o
C threshold, 

the mean daily prevalence of pyrexia in the calves used in this study 

was 10.2%±0.56 (mean ±se) and whilst there are no UK figures 

available on the prevalence of pyrexia in calves, the authors’ consider 

that the sample population was typical of UK dairy calf populations.  

Therefore, this would suggest that with the incorporation of the 

identified parameters, thermal imaging could potentially be used to 

identify a calf with a core body temperature that is not deemed 

pyrexic. 

Despite the apparent positive aspects of the use of thermal imaging 

such as the non-invasive nature of the technique, it does not appear to 

be at a stage of functionality where it can be used to detect pyrexic 

calves reliably.  Further work should investigate other potential 

sources of variation that could help improve the correlation between 

core body temperature via rectal temperature and thermal image 

temperature. 
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Conclusion 

Based on the results from this study, using a model that includes 

thermal image temperature and corrected for the environmental 

parameters of air temperature and wind speed as well as diet, there 

was a slight improvement in its correlation with rectal temperature 

from the original correlation of thermal image temperature and rectal 

temperature.  Further investigation under farm conditions would be 

needed to explore the possibility of improving the relationship.  

However, from the sensitivity and specificity analysis, there is the 

possibility that thermal imaging could be used as a “proxy measure” 

of body temperature to identify non-pyrexic animals. 
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Figure 1 

Figure 1.  Thermal image of inner calf eye, black circle indicating 

area of interest (in and around medial canthus) 
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Figure 2 

 

Figure 0. Correlation of thermal image temperature (
o
C) and rectal 

temperature (
o
C) of 100 male and 25 female calves. 
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Figure 3 

 

Figure 3. Correlation of predicted temperature (
o
C) from created 

model and rectal temperature (
o
C) (data from 63 calves) 
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Table 1 

Table 1.  Description of rectal temperature (
o
C) and thermal image 

temperature (
o
C) by sex of calf 

 

Sex of 

Calf 

Rectal temperature 

(
o
C) (mean ± se) 

Thermal Image temperature 

(
o
C) 

(mean ± se) 

Male 38.9 ±0.01 36.7 ±0.01 

Female 38. 7 ±0.02 36.6 ±0.02 

All 38.8 ±0.01 36.7 ±0.01 
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Table 2 

Table 2.  Estimates of effect of variables 

 

Fixed Effect Estimate S.E. of Estimate P value 

Intercept 26.970 0.569 <0.001 

Thermal Image temperature (
o
C) 0.336 0.015 <0.001 

Air temperature (
o
C) -0.036 0.011 0.001 

Relative humidity (%) -0.002 0.002 0.486 

Water vapour density (g/m
3
) 0.026 0.021 0.218 

Wind speed (m/s) 0.154 0.022 <0.001 

Sex  -0.177 0.043 <0.001 

Milk diet (litres) -0.021 0.004 <0.001 

Age (days) -0.001 0.001 0.713 
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Table 3 

Table 3. Estimates of effects of (centred) variables based on training 

data dataset 

Fixed Effects Estimate SE of Estimate P value 

Intercept 38.823 0.0265 <0.001 

CentImageTemp 0.347 0.034 <0.001 

CentATemp -0.026 0.006 <0.001 

CentWS 0.122 0.035 <0.001 

CentMilkdiet -0.020 0.006 0.0002 

CentImageTemp – (centred) thermal image temperature, CentATemp 

– (centred) air temperature, CentWS – (centred) wind speed, 

CentMilkdiet – (centred) milk diet 
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Table 4 

Table 4.  Sensitivity and specificity analysis of testing dataset at 

median temperature (38.8
o
C) and pyrexia (39.5

o
C) 

 38.8
o
C 39.5

o
C 

True positive 755 1 

False positive 487 0 

True negative 350 1664 

False negative 286 213 

Predictive value positive 0.61 1.00 

Predictive value negative 0.55 0.89 

Sensitivity 0.73 0.00 

Specificity 0.42 1.00 

 

 

 


