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ABSTRACT  

Body temperature changes in laboratory mice are often assessed by invasive and stressful 

methods, which may confound the measurement. Infrared thermography is a possible non-invasive 

alternative, but the cost of standard thermal cameras, lack of dedicated software for biomedical 

purposes, and labour-intensiveness of thermal image analysis have limited their use. An additional 

limitation lies on the scarcity of research on the causing factors of differences between body surface 

and core body temperature. We propose a method for automatic assessment of mean body surface 

temperature in freely-moving mice, using dedicated software for thermal image analysis. While skin 

surface temperature may not necessarily be linearly correlated with core body temperature (in itself 

an imprecise concept), under standardized environmental conditions, such as those in which 

laboratory animals are kept, mean body surface temperature can provide useful information on their 

thermal status (i.e. deviations from normothermia, namely hypo- and hyperthermia). We developed 

a publicly available software that includes an imaging analysis workflow/algorithm for automatic 

segmentation of the pixels associated with the animal from the pixels associated with the 

background, removing the need for manually defining the area of analysis. A batch analysis mode is 

also available, for automatic and high-throughput analysis of all image files located in a folder. The 

software is compatible with the most widespread thermal camera manufacturer, ‘FLIR Systems’, as 

well as with the low-cost ‘Thermal Expert TE-Q1’ miniaturized high-resolution thermal camera used 

for this study. Furthermore, the software has been validated in a mouse model expressing non-

transient hypothermia, where the thermal analysis results were compared with readings from 

implanted thermo-sensitive passive integrated transponders tags. Thermography allows for thermal 

assessment of laboratory animals without the effect of handling stress on their physiology or 

behaviour. Our automatic image analysis software also removes observer errors and bias, while 

speeding up the data processing.  
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Introduction 

Body temperature variation can provide valuable information in animal-based biomedical 

research. An increasingly used method for monitoring thermal changes in laboratory animals is 

infrared thermography (IRT), which allows contactless estimation of body surface temperature 

variations, with several applications in research [1–7]. This approach prevents the scientific and 

welfare impact of more invasive methods for thermal assessment. The use of rectal or infrared 

thermometers directly affects the temperature readout, due to a core temperature rise resulting 

from a hyperthermic stress response mediated by the sympathetic-adrenal and the hypothalamic-

pituitary-adrenal (HPA) axes [8,9]. This is accompanied by a sympathetically-mediated 

vasoconstriction, resulting in a transient drop in the extremities (particularly in the tail), which 

rebounds by the warming from vasodilation for core heat dissipation [10,11]. This response is 

moreover heightened by repeated handling [12,13] and can even be elicited prior to handling, in 

response to alarm calls from handled animals [12–14]. Surgically implanted sensors can be read from 

a distance [15]; however, these methods are not non-invasive in themselves. Sensor implantation 

requires surgery under general anaesthesia, and adds considerably to workload, having also an 

impact on animal welfare [16–18].  

The use of IRT is not new in veterinary research and practice [19–21] but its use with laboratory 

animals has been limited, probably as a result of the cost (in the thousands of Euros range) and 

bulkiness of most IRT cameras, which are incompatible with measurements in small rodent cages, in 

combination with the lack of dedicated analysis software.  

To the best of our knowledge, there are no infrared thermography imaging software 

dedicated/tailored for laboratory mice, and researchers often rely on general purpose and proprietary 

software for direct pixel (temperature) readouts (e.g. Fluke SmartView, FLIR Tools, or Testo IrSoft). 

Despite these difficulties, IRT technology has been proven useful in laboratory animal science in 

identifying housing problems [7], following neonatal development [22], identifying stress [23] and 

monitoring infections [24,25], among other applications. In a previous study, we found IRT readout 

of mean body surface temperature (MBST) to be a more reliable parameter for non-invasive 

assessment of surface temperature variation in freely-moving mice than either maximum eye or tail 

temperature [1]. This parameter has also been successfully used in previous studies in mice 

[2,6,26,27], as well as in other species, including rabbit pups [4,28], chickens [29] and animals in the 

wild [30,31]. The inherently limited accuracy and noise of thermal cameras, the inhomogeneity in the 

animals’ surface emissivity, along with the presence of other interfering heat sources, render 

temperature measurements based on a single spot error-prone. A better approach may be to average 

larger body surface areas, which are relatively isothermal if the ambient temperature remains 

unchanged, as is the case in environmentally controlled laboratory animal facilities. In a previous 

study [1], we assessed MBST by manually defining regions of interest (ROIs) corresponding to the 

contour of each animal, in each image. Image analysis was then performed on the ROIs to extract, 

for example, mean thermal values. This process was found to be laborious, time-consuming, user-

dependent, error-prone and difficult to perform consistently. 

In response to these challenges, we hereby present a dedicated computational tool developed 

for automatic assessment of MBST from a virtually unlimited number of thermal images. This new 

software greatly facilitates surface temperature quantification of freely-moving mice. The software 

uses image segmentation algorithms that remove background heat and focus the analysis in specific 

ROIs. Further, it allows both individual thermal image screening and batch analysis of thermal 

images. The type of image analysis to perform, single or batch, as well as other options and features, 

are chosen using a simple and intuitive graphical user interface (GUI). The software reads thermal 
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images saved as .CSV (“comma separated values”) files, a format to which most thermal cameras can 

save images directly, or convert to, using the camera’s software.  

We validated our computational tool and analysis protocol in a mouse model of acute septic 

shock by intraperitoneal injection of a high dose of lipopolysaccharide (LPS), of which a 

pathophysiological hallmark is quick-onset, pronounced hypothermia. The aim was to assess 

whether MBST could reliably inform on body temperature changes in this model, as compared with 

data from the well-established method of subcutaneously-implanted thermo-sensitive PIT-tags. 

Subcutaneous PIT tags are a widely used method for non-invasive measurements but have many 

limitations, as presented before. The objective is not to compare the IRT methodology itself with PIT 

tag measurements, but instead to emphasise the advantages that ThermoLabAnimal brings when 

using IRT. In compliance with the 3Rs principle of Reduction, measurements were obtained as 

additional data from an already scheduled experiment, in an ongoing project in our institution. The 

software can be downloaded from https://github.com/ThermoLabAnimal 

 

 

 

2. Materials and methods  
 
2.1. Thermal cameras 
 
A miniaturized (47mm×25mm×25mm) ‘Thermal Expert TE-Q1’ (i3 Systems, Korea) thermal 

camera was used in all animal thermal imaging experiments. According to the manufacturer, it has a 

384 x 288 pixels resolution, thermal sensitivity below 50mK and±3°C or±3% accuracy (depending on 

environmental conditions). To assess the camera’s accuracy, we tested the accuracy of the low-cost 

using a black body radiation source (see Supplementary material).  

The camera was placed 30 cm above the cage, alongside an RGB Microsoft LifeCam HD-3000 

camera (Redmond, Washington, USA) to allow visual identification of the animals, with the camera’s 

optical axis perpendicular to the cage floor. Both cameras were connected via OTG USB to an ASUS 

T101Ha computer (running OS Windows 10) and operated via the Thermal Expert proprietary 

software (version 1.7.0). Emissivity was set to 0.95.  

All animal thermal measurements were carried out after an equipment warm-up period of 30 

minutes (i.e. the camera was turned on 30 minutes before the first animal measurement, and 

continued to operate continuously until completing the last measurement).  

With the purpose of widening and validating the compatibility of this computational tool, we 

made it capable of reading and analysing files generated by FLIR cameras (the most broadly used 

thermal camera brand). Compatibility was assessed using images of freely-moving mice taken by a 

‘FLIR E60’ (320×240 pixels resolution, <50mK thermal sensitivity and±2°C or±2% accuracy; FLIR 

Systems, USA), after being converted to .CSV using the FLIR proprietary software (FLIR Tools) 

 

 

 

2.2. Software development 
 
A dedicated thermal imaging analysis software, named ThermoLabAnimal, was developed in 

MATLAB R2018a (The MathWorks Inc., USA) and took advantage of the advanced image analysis 

algorithms available in MATLAB’s Image Processing Toolbox. In order to automatically segment the 

animals’ bodies, and separate the background from foreground pixels, a global thresholding method 

https://github.com/ThermoLabAnimal
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was used, where the threshold value was calculated in order to minimize the intra-class variance 

(Otsu’s method). The segmentation mask was corrected with the removal of small patches  

(associated in general with urine spots), by eliminating all the components (using an eight neighbours 

connectivity) with an area smaller than a defined (but user modifiable) value. This corrected mask 

was then used to perform the thermal analysis statistics exclusively in pixels associated with the 

animal(s). The analysis workflow also included an optional step for the identification of multiple 

animals in the mask. In situations where animals are not juxtaposed, a connected-components 

analysis can be performed and the mask is segregated into individual components (associated with 

the individual animals).  

The GUI for the software was developed using MATLAB’s graphical interfaces development 

environment (GUIDE). Import capabilities were included providing the ability to load files with 

thermal data from both ‘Thermal Expert’ and FLIR Systems’ cameras. ThermoLabAnimal was  

developed for compatibility with both Microsoft Windows and Apple operating systems. 

 

 

 

2.3. Animals 
 
To validate the ThermoLabAnimal software, we obtained thermal images from C57BL/6 mice 

undergoing procedures in a different project (DGAV license 009951), which involved large-dose LPS 

injection via the intraperitoneal route. No additional intervention, other than the thermal imaging, 

was imposed on the animals for the purpose of the present study. We present pooled data from nine 

mice from three of the experimental groups, the control group and two of the experimentally treated 

groups for which surface temperature variation did not differ significantly from that of control mice 

(one-way ANOVA, df= 2, ssq=2.120, F=1.426, p=0.244). To preserve confidentiality of yet 

unpublished results, treatments are not disclosed. Four 'control' mice were housed with one mouse 

from an 'experimental' group in a 'type II' (dimensions: 268 x 215 x 141 mm, floor area: 370 cm2) cage, 

whereas the other seven mice were housed together in a 'type III' (dimensions: 425×276×153 mm, 

floor area: 820 cm2) cage (Tecniplast, Italy). All cages contained corncob bedding (LBS serving 

Biotechnology, United Kingdom), absorbent paper (Renova, Portugal) for nesting material, and a 

cardboard tube (LBS serving Biotechnology, United Kingdom). Mice had access to Teklad Harlan 

2014S (Envigo, United Kingdom) chow and tap water ad libitum. Room temperature was maintained 

at 20-24°C with a relative humidity of 45-65 %. Mice were housed under a 12:12 hour dark/light cycle 

with lights on between 08:00 h and 20:00 h. 

 

 

 

 

 

 

Fig. 1. Graphical user interface (GUI) of the ThermoLabAnimal software. a) The main GUI provides simple 

access to the software tools/features, namely the option between single image analysis and batch analysis. b) 

After loading a thermal image in single image analysis, the user can inspect the image using standard visualization 

tools (zoom, read specific pixel values, etc.). c) The automatic segmentation and thermal background elimination 

algorithms allow isolation of the pixels associated with the mice. A histogram for surface temperature distribution 

of all mice in the frame, and a three-dimensional representation of the temperature map, integrate the analysis 

outputs 
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2.4. Experimental protocol 
 
The mice were subcutaneously implanted with a Biotherm thermosensitive passive integrated 

transponder (PIT) tag, using a 12-gauge needle, under short-term (< 5 minutes) isoflurane 

anaesthesia (administered with 1 bar of oxygen at 5% concentration for induction, and with 0.2 bar 

of oxygen at 2% concentration for maintenance). PIT tags were read by a Destron Fearing GPR+ 

handheld reader (with a reading range between 33-43°C). The puncture site was sealed with surgical 

glue, but in two of the animals the tags were nonetheless exteriorized and found the following day 

on the cage bedding. These animals, as well as a third which maintained normothermia throughout 

the experiment (possibly due to error in administration of LPS), were removed from the study. Hence, 

subcutaneous and mean body surface temperature of a total of N=9 animals (three per each of the 

treatment groups) was monitored. One week after PIT tag implantation, animals were marked in the 

tail (by coloured marker) for fast visual identification, and injected intraperitoneally with 12.5 mg/kg 

of LPS from Escherichia coli O111:B4 (Sigma Aldrich). Thermal images were collected during a period 

of 6 hours: every 10-20 minutes post-injection during the first hour and a half (namely at (at 0:20, 

0:32, 0:45, 0:58, 1:12, 1:22, 1:36, 1:48 hours post-injection), and then at more spaced intervals (namely 

at 2:28, 3:00, 4:42, 5:15, 5:44, 6:13 hours post injection). At each time-point, the cage lid was open, 

the nesting material and cardboard tube were gently removed and three images were taken of the 

group, when all animals had all four paws on the cage floor. At each time-point, image collection of 

the group of animals took about 1 min to perform. At t=4.67h, mean subcutaneous temperature 

reached 33.3 °C, and cages were placed over a warm heating pad.  

 

 

2.5. Statistics 
Significant changes between time-points were assessed by paired-samples t-test., with a Holm-

Bonferroni correction for multiple comparisons. The threshold for significance was set at p<0.01. 

Temperature decrease was expected to be very pronounced, following LPS challenge. Through a 

power calculation (using G-Power software) for a one-sided matched-pairs test with α=0.01, a power 

of 80%, and a standardized effect size Cohen's d=2 (mean difference at least as large as two standard 

deviations) a total sample size of six mice was deemed sufficient. Our sample size of N=9 would allow 

identifying smaller differences, with the same statistical power, for the same significance level. The 

IBM SPSS Statistical package (version 25) was used.  

 

 

3. Results 
 
3.1. ThermoLabAnimal graphical user interface 

 

The computational tool ThermoLabAnimal runs on both Microsoft Windows and Apple's 

operating systems, and has a user-friendly graphical user interface (GUI) allowing an easy workflow 

of importing the thermal images, analysing the data and saving the results (Fig. 1). Two modes of 

analysis are available in the main GUI (Fig. 1a): single image and batch analysis (performed on all files 

in a specified folder). In the single image analysis mode, the user can select a thermal image in .CSV 

format. The segmentation algorithm automatically creates a mask for the animals, separating 

foreground pixels (animal) from background pixels. From the single image analysis, two figures are 

generated. The first figure shows an unaltered false-colour thermal image reconstructed from the 

.CSV file, along with the thermal colour legend (Fig. 1b). The second figure is composed of three 
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elements (Fig. 1c): i) a reconstructed image with the automatic mask applied to eliminate the 

background; ii) a 3-dimensional temperature map (x, y, °T), which can be freely rotated; and iii) a 

histogram of temperatures in the mask (animal surface). All animals in a cage can be considered an 

experimental unit or, alternatively, each can be analysed individually (Fig. 2). If in the thermal image 

the animals are not overlapping, ThermoLabAnimal can automatically segment each one individually 

(Fig. 2a) and present separate thermal analysis for each animal (Fig. 2b). All output figures are 

interactive and can be exported.  

While the automatic segmentation algorithm works in most cases, mask fine-tuning may be 

necessary in some conditions (Fig. 3). For this purpose, ThermoLabAnimal provides manual 

adjustment of the threshold with immediate visualization feedback. Furthermore, in order to 

eliminate odd detections (e.g. urine spots), the software allows automatic removal of all blobs smaller 

than a user-defined number of pixels, for both single and batch image analyses (Fig. 3a). To keep 

ThermoLabAnimal as versatile as possible, users can also perform the thermal analysis of a user-

defined ROI (Fig. 3b). This feature can be used to analyse local temperatures at specific anatomical 

regions (e.g. eye, tail, wounded or inflamed region, etc.).  

The batch analysis mode allows automatic and high-throughput thermal data analysis from all 

the image files located in a specified folder. The batch analysis produces two outputs. The first is a 

single spreadsheet document, listing the mean and median MBST of all animals identified in each 

thermal picture. The second is, for each .CSV file, an automatically-generated composite image 

similar to the output of single image analysis with a false-colour thermal image, a thermal histogram, 

and a 3-dimensional temperature map (x, y, °T). In the batch analysis mode, the user can choose to 

also export information about the background of each image in the folder. In parallel, a similar 

composite image is generated, containing information about the background, obtained using the 

counter-mask that separates the foreground and background pixels. 

 

3.2. Software output 

The software successfully recognized each individual animal from their thermal background (Fig. 

1), in every image, providing a histogram for the distribution of group mean and median body surface 

temperature, along with a fully-adjustable 3D map (pixel coordinates vs temperature). The thermal 

profile of specific areas could be obtained by defining a contour/ROI (Fig. 3). Using the batch analysis 

function, a dataset of 1384 .CSV files were automatically analysed, obtaining MBST in a standardized 

way, thus eliminating the possibility of unwanted variation and operator bias. The output was a single 

spreadsheet file with values for group mean and median temperature for every .CSV image, as well 

as an automatically generated composite image for each file analysed. Even when surface 

temperatures differed considerably between animals in the same frame, the software was successful 

in highlighting each animal in the frame. However, in the extreme cases when the MBST of some 

animals decreased to the point where their thermogram blended with the background, the detection 

threshold had to be manually adjusted for those images.  

 

3.3. High-dose LPS challenge 
 

Immediately following a high-dose LPS challenge, there was a small subcutaneous temperature 

rise in both the PIT tag readout and MBST, yet not found to be significant (Fig. 4). This was followed 
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by a steady decrease in subcutaneous temperature, along with a faster and more pronounced 

decrease in MBST, which remained low until decreasing further at t=5.25h. At t=4.67h mean 

subcutaneous temperature was estimated as 33.3 °C, with most animals (six out of nine) falling below 

the reading range of the PIT tag reader of 33.0 °C (and registered as 32.9 °C). At t=4.67h cages were 

placed over a warm heating pad, in compliance with institutional animal welfare guidelines. This 

pattern was consistent for all three groups (Fig. 4a). The aggregated information from all groups is 

presented in Fig. 4b.  

 

 

Fig. 2. The software is also capable of individualized thermal analysis, as long as the animals are not 

overlapping. a) Using the “Individual Animals” analysis option, the software detects and labels each animal. 

However, animal identity is not maintained between images. b) For each separated animal in the image, the 

software outputs a dedicated thermal analysis window. 
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Fig. 3. Additional tools in ThermoLabAnimal. a) To eliminate odd occurrences, such as urine spots, an added 

feature allows removing all blobs smaller than a user-defined number of pixels, in both single image and batch 

analyses. b) Defining “regions of interest” (ROI) is also simple, allowing temperature analysis in specific user-

defined areas (e.g. an inflammation area, the tail, or any other anatomical area of interest). 

 

 

 

 

 

 

 

 

 

 

Fig. 4. MBST and subcutaneous temperature following LPS injection. a) The temperature profiles following 

a high-dose LPS challenge was consistent in all three cages (treatment groups) and between PIT tags and MBST 

method. b) Temperature profiles combining (mean) the 3 groups of 3 mice (N=9). The largest mean MBST 

variation (-4.6 °C) was found between t=0.33 h (20 min post-LPS injection) and t=4.67h (280 min post LPS-

injection). The largest subcutaneous temperature variation (−5.4 °C, between t=0.33h and t=4.67h) is an 

underestimate, since temperatures under 33.0°C were under the lower reading range limit of the PIT tag reader, 

and thus scored as 32.9°C, for analysis. Asterisks indicate significant changes (p<0.01) between consecutive 

timepoints (paired samples t-test, with Holm-Bonferroni correction for multiple comparisons). Bars represent 

95% confidence interval. 
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4. Discussion 

We developed a software for automatic analysis of thermal images of freely moving mice, and 

tested it on a mouse model of sepsis-induced hypothermia, comparing its output with the readout 

from thermo-sensitive PIT-tags. The laborious and time-consuming nature of thermoimage analysis 

is presently an obstacle to a wider use of thermography in research with laboratory animals. 

Researchers end up having to rely on general-purpose imaging software (typically associated with 

camera vendors) which is mainly centred on direct pixel (temperature) readout. Although some allow 

manually defined regions of interest (ROIs) where statistics can be calculated, these general software 

lack fundamental tools for efficient measurements of laboratory mice (e.g. segmentation and 

background subtraction, automatic identification of multiple animals,detection and removal of urine 

spots, automatic ROIs, batch analysis).  

We thus developed ThermoLabAnimal, a computational tool capable of analysing thermal 

images in .CSV file format, a standard output file used by several commercially available thermal 

cameras. The software addresses the analysis challenge in two ways. Firstly, through the 

segmentation algorithm, it automatically separates the pixels in the image that represent the animal 

from those that represent the background. This removes the need for manually defining the area of 

analysis, which is time-consuming, as well as prone to inter-user variation. Importantly, instead of 

collapsing the thermal readout of the segmented pixels into a single statistical measure (such as a 

mean or median value), the method generates and uses the full histogram of the values to generate 

a more informative thermal fingerprint. Secondly, the batch analysis function allows automatic and 

high throughput analysis of all image files located in one folder. We tested software compatibility 

with both the Thermal Expert camera used in this study (a miniaturized, low-cost thermal camera, a 

technology that is likely to improve and widen access to IRT technology [32,33]) – and the most 

broadly used thermal camera manufacturer, FLIR (using .CSV files converted by its proprietary 

software). The software’s compatibility can be expanded to other manufacturers, but presently 

already reads standard .CSV format, with or without manufacturer-specific headers. A comparison 

between typical general-purpose IRT software and the proposed ThermoLabAnimal software is 

presented in Table 1.  

 

 

 

 

 

 

 

 

 

 

Our protocol and software for assessing mean body surface temperature variation in laboratory 

animals have the potential to not only improve animal welfare but also the quality of the scientific 

output, by minimizing interference from handling stress [34,35]. While this is aligned with the 3Rs 

principle of Refinement, it can also help further the principle of Reduction, by reducing unwanted 

inter-individual variability – e.g. from handling stress, sensor position or operator bias – which 

warrants larger sample sizes for detecting a given effect [35,36]. In this experiment, we present data 

from thermal images of animals placed in a separate cage. We have now developed the software 

further to allow segmentation of each individual animal, so that future recordings can be done 
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without having to remove an animal from its home cage and cage mates. The present version of the 

software is still unable to identify the same animal across images, thus we are contemplating if it is 

feasible to add a feature for automatic identification of animals, by using the unique distribution of 

body surface temperature as an identifier [37], or adding a marker recognizable by the software. 

Our results on a mouse model of sepsis-induced hypothermia show that the expected 

temperature decrease and hypothermia in mice in the first hours following a high-dose LPS injection 

[38,39] was identifiable by both readout of subcutaneous PIT tags and the automatic estimation of 

MBST. This decrease was, however, more immediately perceivable in the animals’ body surface 

temperature, which to our knowledge has not previously been monitored for this model. This finding 

is consistent with the peripheral vasoconstriction expected to follow high LPS dose injection in mice 

(microcirculatory dysfunction is a central feature of sepsis pathogenesis [40]), which would result in 

subsequent temperature decrease in peripheral areas due to reduced blood flow. It might also be a 

physiological response mechanism to maintain core-body temperature [13,41], or a combination of 

both. A transient small temperature rise was also observable by both methods (although not 

significant) immediately after intraperitoneal injection of LPS, which is consistent with a quick onset 

hyperthermic stress response, and in agreement with similar observations in rats [42]. It could, 

however, also be attributed to an increase of activity following the disturbance of the animals and 

the removal of the nesting material, or to a putative short-lived fever response following the LPS 

challenge, immediately before the onset of hypothermia. We also observed a rise in skin temperature 

resulting from placing the cages over a warm heating pad, although how this affected subcutaneous 

temperature is uncertain, due to the PIT tags not being able to register temperatures below 33°C.  

It is worth mentioning that the easiness of image analysis brought about by this software allows 

for greater monitoring frequency, which can be an advantage for many animal studies, especially 

during short standardized behavioural tests (e.g. open field test). For this particular study, however, 

in which more interventions other than collecting images – as this was coupled to another experiment 

– were carried out, this would mean making animals endure prolonged periods under a bright light 

(and warrant a cage with taller walls) or disturb their microenvironment more frequently.  

We found it would not be appropriate to test for correlation between MBST and subcutaneous 

temperature, even though temperature decrease was observable by the two methods. Firstly, 

because the PIT tags have a hard lower bound and missed data below 33 °C, which prevented 

identifying further temperature decreases from t=4,67h onward. Secondly, despite standardised 

implantation methods, we found great variation in PIT tag position (upon post-mortem examination, 

these could be found in some animals in the interscapular region, in others on the flank of the animal, 

and others on the backside), and such variation is a likely contributing factor to the unreliability of PIT 

tags to inform on core body temperature in vivo despite providing accurate readings in vitro [12]. 

More accurate information on the relationship between this proxy measure of core body temperature 

and MBST could be sought in further studies, by fixing the position of the thermo-sensitive 

transponders, either on the dorsal or abdominal region [43].  

Another possibility would be to compare MBST with maximum eye temperature, since it has 

been found to be a good proxy of other measures of core body temperature in mice [44], as the eyes 

are supplied by blood from the ophthalmic artery from the brain [44]. However, the relationship 

between eye temperature and core temperature may be easily affected by peripheral 

vasoconstriction, either elicited exposure to cold [45,46] or acute stressors [11,23,47]. Moreover, we 

have found it not to be well suited for measuring freely-moving mice, as constant shifts in head 

position will affect the thermal readout from the eyes. Furthermore, the eyes are often not visible, 

leading to up to 40% missing values, even when taking three images per time-point [1]. It is therefore 

not surprising that others have recommended picking up and restraining mice to place their eyes 
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directly in front of the thermal camera for estimating absolute temperature by IRT [44], losing the 

advantages of contactless measurement. 

Perhaps most importantly, there is no 'pure' measure of body temperature, just local 

temperatures in different parts of the body – internal or external – each of them with its particular 

bias [48]. Therefore, although in small animals skin temperature is more likely connected with core 

temperature than in larger species [30], we do not wish to make the claim that MBST can be used as 

a proxy for mice core body temperature. We are rather proposing that MBST – obtained by means of 

our software – can be a reliable, non-invasive approach to identify and monitor temperature changes 

in freely-moving group-housed mice with minimal disturbance. It is however worth mentioning that 

gathering species-specific thermographic data could contribute to defining standard values for MBST 

that could be used as a reference value in and of itself. 

ThermoLabAnimal is distributed as free software with all its features except for the "batch 

analysis" mode, which is available at a small fee. The paid full version does not require MATLAB on 

the user side, and the fee is intended to promote long-term support and improvement of the 

software. We encourage colleagues to use the software and provide feedback to promote 

improvements and bug fixes. ThermoLabAnimal software is available on GitHub: 

https://github.com/ThermoLabAnimal. 
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