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Abstract 

This study was carried out to compare the digital rectal (DR) thermometer with non-contact 

infrared thermometer (IRT) measurements at two locations on the face in some large animal 

species. Two hundred and forty (240) animals comprising of equal numbers of three species (cattle, 

camel and horses) of varying age and either sex was used. The IR temperature was taken from two 

sites [frontal (FIRT) and temporal (TIRT) region] on the animal face. The mean IR temperatures 

(FIRT and TIRT) were higher than the RT in all the animal species. The two thermometers 

correlate poorly in all the animal species. Bland-Altman analysis showed high biases and limits of 

agreement not acceptable for clinical purposes. In conclusion, IRT seems to offer a quick and easy 

way to determine the animal temperature but clinically it cannot be used interchangeably with DR 

thermometer at the moment for body temperature measurement in these animal species. 
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1. Introduction 

 

Temperature is an important indicator for diagnosis of many animal diseases and also for 

estimation of their physiological status. More so keeping animal healthy is not only important for 

high profit and performance but also for animal welfare. Thus, monitoring of animal body 

temperature remains an issue of necessity. The body temperature is the measurement of deep body 

sites or the hypothalamus (Goodwin, 1998), however, its measurement depends on the type of 

thermometer and the area to be taken for measurement (Rubia-Rubia et al., 2011). There are 

several types of clinical thermometers used in measuring body temperature: non-contact non-

invasive, mildly-invasive contact, and invasive contact devices. However, an ideal temperature 
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measurement technique should be safe, easy to perform, non-invasive, time efficient, should 

accurately reflect the core body temperature and should not be influenced by external factors (Patel 

et al., 2016). 

 
Rectal temperature (RT) has been widely considered the standard method for body temperature 

measurement in Veterinary Medicine, because it correlates well with the core body temperature 

(Goodwin, 1998, Chung et al., 2010). The mercury rectal thermometry is considered the most 

precise, although one have to wait for about two minutes to obtain reliable RT, which is 

impracticable in face of a large number of animals. In case of digital rectal thermometry, RT can 

be gotten more quickly, about 30s, but it can serves as fomite and injuries can also occur. Rectal 

thermometry (RTM) is therefore considered slower, minimally invasive and associated with the 

risk of transmission of microorganisms and rectal perforation in agitated and indocile animals. In 

order to overcome the short fall of RTM, the use of infrared (IR) thermometry, a non-contact, non-

invasive method which offer several advantages over other temperature measurement methods is 

now becoming popular in Veterinary Medicine. The principal advantages are the speed of 

measurement (about 2sec), non-invasive method and reduce risk of spreading infection, since 

touching the animal is unnecessary. In veterinary medicine, this is advantageous over other 

methods since handling and restraint increases stress, causing an effect on core and surface 

temperatures (Chung et al., 2010, Wiedemann et al., 2006). 

 
In IR thermometry a sensor probe measures the amount of thermal radiation (ie infrared) emitted 

from the determined area of the body surface. It has been used to predict changes in udder 

temperature and to elucidate possibilities for early diagnosis of mastitis in dairy cows (Berry et al., 

2003); early detection of foot-and-mouth disease virus infected cattle (Rainwater-Lovett et al., 

2009); and early diagnosis of laminitis, in particular in earlier stage of lactation; screening cattle 

for feed utilization efficiency (Montanholi et al, 2010) and for measuring stress in studies of animal 

welfare. Considering the stress of manual restrain on large animal and wrong measurement due to 

improper positioning of the thermometer in agitated animal, and presence of feaces in the rectum, 

which could all affect diagnosis and therapeutic strategy, identifying an alternative way to check 

temperature in large animal would improve the welfare of animal and promote better veterinary 

practices. We therefore aim to compare the RT with non-contact infrared thermometer (IRT) 

measurements on the body surface in some large animal species.  

 

2. Materials and Methods 

 
Study Animals 

Two hundred and forty (240) large animals comprising of three species (cattle, camel and horses) 

80 each of varying age and either sex were used in this study.  The animals enrolled in the study 

were either from Kara market and abattoir in case of cattle and camels while horses were from 

stables within Sokoto metropolis. All animals were determined to be healthy based on physical 

examination and the study was conducted in accordance with guidelines outlined in the National 

Institutes of Health Guide for the Care and Use of Laboratory Animals. 
 

Temperature Measurements 

RT was taken using digital rectal (DR) thermometer (Digital soft Tip; CVS, Woonsocket, rhode 

Island, USA) while the body surface temperatures were taken using IRT (HF-FO3B Quick shot 

infrared thermometer; SHENZEN TGSE electronic co ltd, Germany). The IRT was first used to 
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measure the body surface temperatures of two locations of each animal before rectal temperatures 

were taken. The two surface locations were frontal and temporal region of the face. After 

positioning the IRT to the targeted area about ten centimeters from the animals head, the activation 

push-button was pressed and the thermometer provided readings within seconds. The IR 

temperatures were taken twice to ensure repeatability. The RT was taken using digital rectal 

thermometer after the animal has been properly restrained. The digital thermometer was inserted 

into the rectum, where it remained until an endpoint reading audible beep was heard. Prior to the 

study, accuracy of both RT was validated in a temperature controlled water bath against a reference 

thermometer. A temperature controlled thermal plate was used to validate the IRT. Three 

temperatures were obtained by the same experienced observer in the following order: forehead 

infrared temperature (FIRT), temporal infrared temperature (TIRT) and RT.  

 

Statistical Analyses 

Data were presented as mean, standard deviation (SD), and temperature range. Relationship 

between the temperature data recorded by IRT and DR thermometer was evaluated using Pearson 

correlation. The mean differences of temperature (bias) and 95% agreement limits were 

determined as described by Bland and Altman (1986). The limits of agreement represent the range 

of values in which agreement between the two methods lie for 95% of the sample. The narrower 

the range between the two limits, the better the agreement between the two methods. The 

predetermined criterion for the calculated limits of agreement (mean ± 1.96 SD) between RTM 

and IR thermometry in the current study was ± 0.83 °C. Therefore a difference of more than 0.83 

°C, on average, between thermometers would be clinically unacceptable (Quimby et al., 2009). 

Statistical analysis was conducted using GraphPad Prism 5. 

 

3. Results  

 
The mean, standard deviation (SD), temperature range, correlations and level of significance (P) 

of RT, FIRT and TIRT of cattle are shown in table 1. The mean RT was 38.2oC while the mean 

FIRT and TIRT were 38.7oC and 38.6oC respectively. The maximum temperatures documented 

for cattle were 40.1oC (RT), 41.6oC (FIRT) and 40.2oC (TIRT), while the minimum temperatures 

recorded for IRTs were lower than RTs. The IRTs were statistically insignificant and they 

correlated poorly with RT.  

 

Table 1: Mean, Standard deviation (SD), temperature range, correlations and level of 

significance (P) of RT, FIRT and TIRT of cattle 

Mean±SD (0C) Range (0C) Correlations (P) 

  RT FIRT TIRT 

RT 37.1±0.91 35.8 – 40.0 - 0.535(0.000) 0.408(0.000) 

FIRT 37.4±1.13 36.3 – 41.5  - 0.662 

TIRT 37.7±0.97 35.2 – 40.1   - 

Correlations is significance at the level of 0.01 

 

In the horses, the correlation between RT and the IRTs were also weak (table 2), although, 

significant difference was observed between RT and FIRT. The mean temperature measured were 

37.4oC (RT), 37.6oC (FIRT) and 37.8oC (TIRT) while maximum temperatures documented for 
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RT, FIRT and TIRT were 38.5oC, 38.0oC and 39.4oC respectively. The minimum temperatures 

recorded for FIRT and RT are the same, however, TIRT was lower. 

 

Table 2: Mean, Standard deviation (SD), temperature range, correlations and level of 

significance (P) of RT, FIRT and TIRT of horses 

Mean±SD (0C) Range (0C) Correlations (P) 

  RT FIRT TIRT 

RT 37.4±0.46 36.9 – 38.5 - 0.406(0.000) 0.212(0.059) 

FIRT 37.6±0.52 36.9 – 38.0  - 0.330 

TIRT 37.8±0.50 36.7 – 39.4   - 

Correlations is significance at the level of 0.01 

 

Analysis of camel’s data revealed statistically significant difference between the RT and IRTs. 

However, the correlation was not particularly strong (table 3). The mean RT, FIRT and TIRT were 

37.1oC, 37.4oC and 37.7oC respectively. The maximum temperatures recorded were 40.0oC (RT), 

41.5oC (FIRT) and TIRT and 40.1oC (TIRT). The minimal temperature was higher for FIRT and 

lower for TIRT when compared with RT.  

 

Table 3: Mean, Standard deviation (SD), temperature range, correlations and level of 

significance (P) of RT, FIRT and TIRT of camels 

Mean±SD (0C) Range (0C) Correlations (P) 

  RT FIRT TIRT 

RT 37.1±0.91 35.8 – 40.0 - 0.535(0.000) 0.408(0.000) 

FIRT 37.4±1.13 36.3 – 41.5  - 0.662 

TIRT 37.7±0.97 35.2 – 40.1   - 

Correlations is significance at the level of 0.01 

 

Bland–Altman analysis of the temperatures obtained by using the two thermometry methods 

(Table 4) revealed disagreement between RT and those from IRTs. In horses where the mean 

difference (bias) appeared smaller for FIRT when compare with other animal species. The range 

of the limits of agreement is around 2oC which is too wide to be clinically acceptable. Also for 

cattle and camels, the IRT showed even greater biases, and failed to agree with rectal readings.  

The range of the limits of agreement for FIRT and TIRT in camels were around 3oC respectively 

while in cattle is around 5oC for FIRT and 4oC for TIRT.  

 

Table 4: Bias and limits of agreement (°C) between temperatures measured by rectal and infrared 

thermometers in cattle, horses and camels 

Animal species Type of measurement Bias SD 95% limits of agreement 

Cattle RT minus FIRT -0.4253 1.3075 -2.9881, 2.1374 

  RT minus TIRT -0.3813 1.1375 -2.6108, 1.8483 

Horses RT minus FIRT -0.1900 0.5369 -1.2423, 0.8623 

 RT minus TIRT -0.4163 0.6064 -1.6048, 0.7723 

Camels RT minus FIRT -0.3846 0.9884 -2.3219, 1.5526 

 RT minus TIRT -0.5425 1.0260 -2.5534, 1.4684 
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4. Discussion 

 
The use of IRT in this present study allowed us to assess its usefulness and practicality in clinical 

setting, since most large animal cases are handled in the field with sometime minimal restraining 

facilities. The possibility of cross infections and restraint induced rectal injuries associated with 

rectal temperature measurements also necessitate the need for alternative methods to temperature 

measurement in animals, particularly large animal species where the individual to take the 

temperature is at risk of injury from hind-limb kicks. Noncontact noninvasive thermometry 

alternative methods to rectal temperature measurement have been investigated in different animal 

species. It reliability in human medicine has been documented (Osio and Carnelli, 2007), however, 

studies in veterinary medicine showed varying results among different species of animals. This 

does not mean that temperatures from IR thermometry are inaccurate for veterinary use.  It is 

crucial to note that body temperature varies by location (Nobel, 1992), and since the IRTs used in 

most of those studies do not measured temperature at the same location, variation in reading is 

expected.  Most of the studies in different animal species used infrared auricular thermometers 

(Drew 1996, Goodwin, 1998, Southward et al., 2006, Sousa et al., 2011, Sousa et al., 2013). 

Although the use of noncontact infrared technology at other locations has also been reported 

(Devalle, 2005, Shelton et al., 2006, Sikoski et al., 2007, Ramey et al., 2011, Brunell, 2012).   

 
This is the first study to the best of our knowledge that investigated the use of an IRT in cattle, 

horses and camel to measure body temperature. In this present study we used IRT designed for 

humans because it is widely available than veterinary IRTs. And the two sites chose on the face of 

the animals for the IR temperatures were also considered because the IRT used measured 

temperature on the forehead in the human (Fortuna et al., 2010; Teran et al., 2012). The 

temperatures measured at the frontal and temporal region of the face of the animals studied were 

not in close agreement with the RT, therefore cannot be used interchangeably, although the mean 

differences (biases) between temperature measurements were small. The mean IR temperatures 

were higher than the RT in all the animal species studied. Higher IR temperature was documented 

by Kunkle et al. (2004) in the cat, however most studies reported lower temperatures for IR when 

compare with RT (Wiedemann et al., 2006; Ramey et al., 2011; Brunell, 2012; Schmidt et al., 

2013). The variation in sites measured and also probably the devices used may be the reasons for 

higher IR temperatures. It has also been documented that changes in RT may lag significantly from 

the temperature detected at other body sites (Fraden and Lackey, 1991). There was significant 

variation in IR temperature readings among the sites at which the temperature was taken when 

compare to the RTs particularly in horses and camels. The temperature ranges at these locations 

were also highly variable when compared with the RT ranges. The variation between the FIRT 

and RT was greater than that between the TIRT and RT in the cattle. On the contrary, in horses 

and camel, variation between the FIRT and RT was lesser than that between the TIRT and RT. 

The correlation between the RT and the IR temperatures from two the sites (FIRT and TIRT) in 

all the animals studied were also poor except in camel where moderate correction (r = 0.535) exists 

between the RT and FIRT. These findings of IRTs been poorly correlated with and no agreement 

to RT in the cattle, horses and camels were in agreement with previous studies in cat, dog, pig, 

horse, ponies, cattle and macaques or owl monkeys (Kunkle et al., 2004, Wiedemann et al., 2006; 

Shelton  et al., 2006, Ramey et al., 2011, Johnson et al., 2011, Brunell, 2012, Schmidt et al., 2013). 

Although in all those studies sites or location different from the face were used, particularly chest 

(macaques), cornea (dog), tympanic membrane (cat), gingival and eyes (horse and pony) and other 
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body parts (swine). We believe the bias observed between the two thermometers may represent a 

true physiological difference between body sites rather than inaccuracy of the IR thermometer or 

operator error.  

 

5. Conclusion 

 
There was poor agreement between IRT and DR thermometers measurement in the cattle, horses 

and camel, and the two thermometers did not correlate well. Though IRT seems to offer a quick 

and easy way to determine the animal temperature but clinically it cannot be used interchangeably 

with DR thermometer at the moment for body temperature measurement in these animal species. 
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