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Simple Summary: The recording of body temperature by rectal temperature assessments is a stressful
procedure for cats. For this purpose, alternative methods for using rectal digital thermometers to
monitor body temperature were investigated. Skin temperature was recorded in 20 cats, in 5 different
body regions, and compared with the rectal temperature. The obtained data indicated that the
cutaneous temperature recorded by the infrared thermometers was not in agreement with the data
recorded by the digital thermometer in the rectum.

check for

updates Abstract: In veterinary medicine, the gold standard for assessing body temperature is rectal tempera-

Citation: Giannetto, C.; Acri, G ture assessment. Considering that this procedure is stressful for many species, in particular for cats, it
Pennisi, M.; Piccione, G.; Arfuso, F,;
Falcone, A.; Giudice, E.; Di Pietro, S.

Short Communication: Use of

could be clinically important to consider an alternative approach for the monitoring of core body
temperature. The aim of this study was to test if cutaneous temperature measurements by means of
different infrared thermometers are in agreement with the most commonly used method for body

Infrared Thermometers for

. temperature measurement in cats. The cutaneous temperature was recorded in the jugular, shoulder,
Cutaneous Temperature Recording:

Agreement with the Rectal rib, flank, and inner thigh, using three different non-contact infrared thermometers (IR1, IR2, and

Temperature in Felis catus. Animals IR3) in 20 cats. The cutaneous temperature was then compared to the rectal temperature, recorded by
2022, 12, 1275. https://doi.org/ means of a digital thermometer. The obtained data indicated that the cutaneous temperature recorded
10.3390/ani12101275 by the infrared thermometers was not in agreement with the data recorded by the digital thermometer

Academic Editor: Edward J. Hall in the rectum. In cats, the use of non-contact infrared thermometers gave no reproducible or constant

data to justify their application for the recording of body temperature instead of rectal temperature

Received: 7 April 2022 recording. In addition, the infrared temperature measurement devices generated results that were
Accepted: 12 May 2022

Published: 16 May 2022

not in good agreement among themselves, providing a novel result of clinical importance.

Publisher’s Note: MDPI stays neutral Keywords: non-contact infrared thermometers; skin temperature; body temperature; cats

with regard to jurisdictional claims in

published maps and institutional affil-
iations.

1. Introduction

Temperature measurement is an important step in clinical examinations of animals be-
m cause there is an evident association between temperature and disease [1], and it represents
a valuable tool for monitoring the physiological status, welfare, and stress responses of
animals [2]. The core body temperature is assessed by an invasive contact device, such as an
esophageal or a pulmonary artery thermistor, although these are not suitable for conscious
conditions of the Creative Commons _ Veterinary patients [3,4]. In veterinary medicine, rectal temperature measurement has
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40/). if serial measurements are needed [5,6]. Some authors showed that rectal temperature
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measurement could provoke defensive behaviors from the animal under examination [7].
This invasive procedure, in reactive and stressful animals, might alter the result of the
measurement, thus compromising its interpretation and the consequent diagnostic and
therapeutic measures [8]. In fact, anxiety and stress affect many clinical measurements
used to evaluate animal health [9-12]. In particular, in homeothermic animals, it has been
documented that acute and chronic stress are associated with a rise in the core body tem-
perature [13]. In clinical environments, cats can experience considerable anxiety and stress
because of unfamiliar surroundings, people, and methods of handling. Furthermore, the
effects of stress on cats may persist far beyond the clinic visit. Evidence-based best-practice
guidelines recommend low-stress handling procedures and reducing the use of invasive
practices, replacing them with non-restrictive practices [14,15]. Modern measurement
techniques are based on the use of diagnostic tools that reduce a subject’s stress by a quick
assessment of the body temperature, without the need for restraint or contact [16].

In human medicine, body temperature measurement methods comprise conductive
thermocouples, thermistors, and telemetry systems, as well as contact-free infrared ther-
mometry and imaging [17,18]. Infrared (IR) methodologies determine the surface body
temperature by measuring the natural electromagnetic radiation emitted from the body [2].
Several infrared thermometers have been developed specifically for veterinary use, re-
sulting in better patient compliance and quicker results. The body temperature is highly
variable and is influenced by a vast range of environmental, physiological, and pathologi-
cal factors, including ambient humidity and temperature, and disease processes; indeed,
the core body temperature brings about changes in the body temperature [2,5-8,18,19].
Thermal comfort is guaranteed by the transfer of heat by the cutaneous vasomotor adjust-
ments that permit or reduce the convection between the body’s core and the skin surface
through the bloodstream [20]. Skin temperature changes have also been associated with
the vasoconstriction and vasodilatation of microcirculation due to an autonomic nervous
system response to inflammation, infectious, neoplastic, pain-induced, or stress effects [19].

In human medicine, the measurement of the body temperature of a specific skin
region—for example, the axillary temperature—seems to be the least stressful method
for assessing temperature because of the minimal cooperation required, not only in chil-
dren [21]. The surface body temperature can be determined using thermal windows,
referring to regions with surface blood vessels where changes can be detected that repre-
sent surface circulation. Infrared thermography is used for the diagnosis of and follow-ups
for several disorders, including vascular, orthopedic, neurologic, and neoplastic diseases
that cause changes in the surface body temperature. Different skin regions were proposed
in cats to assess superficial temperature [5,19], such as ocular, abdominal [22], dorsal and
lateral views of the entire body and paw print to assess painful conditions [23], and pelvic
limbs to detect aortic thromboembolism [24].

In adult and pediatric practice, an inconsistent correlation of infrared methodology
with core or rectal temperatures was reported [25-27].

Alternative methods have been investigated in many mammalian species, in which the
cutaneous temperature recorded in different body regions has been compared with rectal
temperature. Non-contact infrared thermometry and thermography have been used in
laboratory animals, such as rabbits [28], monkeys [29], guinea pigs [30], and mice [31], and
in livestock [2,32-34], horses [33,35-37], and small animals [38—40], with conflicting data.

In dogs, the auricular temperature measured with an infrared thermometer was
similar to the body temperature obtained with a rectal thermometer [41-43], also during
the monitoring of hyperthermia induced by physical exercise [38]. The gum temperature
exhibited the best clinical potential when digit, snout, axilla, eye, gum, inguinal region, and
anal verge temperatures were compared to rectal temperature [44].

In cats, many studies have been conducted to validate the use of alternative methods
for recording the body temperature and rectal temperature. The discussion of the clinical
use of contact-free infrared thermometry has centered on various anatomical regions
that could be used as sites for cutaneous temperature measurements, such as ear, pinna,



Animals 2022, 12,1275

30f12

preauricular area, tympanic membrane, nasal planum, gingival mucosa, eye, dorsal neck,
lateral neck, ventral neck, thorax, axilla, metacarpal pad, abdomen, medial thigh, lateral
thigh, tail, and perineum [5-7,45-48]. A marked surface temperature variation was shown
in cats by a forward-looking infrared camera. Therefore, numerous studies compared the
reliability and repeatability of skin temperature measurements at different sites [5].

Ocular temperature has been considered an alternative method for body temperature
measurement. When ocular temperature is used, it is necessary to consider that the surface
temperature of the eye is 1.2 °C less than the rectal temperature in cats [40]. In other
body regions, the obtained results are discordant: some authors indicated the use of the
auricular thermometer as a reliable alternative to rectal thermometry for the assessment of
body temperature [43], while others reported that the axillary and tympanic membrane
temperatures were not interchangeable with the rectal temperature [46].

Despite the large existing literature on infrared thermometry, a reference range for
diverse body regions’ temperature measurements in cats needs to be validated. Moreover,
there is an evident gap in the existing literature regarding the comparison of different IR
thermometer models for measuring surface body temperature in cats, in order to verify
their interchangeability.

The aim of this study was to evaluate the use of non-contact infrared thermometers
in healthy cats by the investigation of five body regions and by the comparison of three
different non-contact infrared thermometers. The objective of the study was to verify if the
cutaneous temperature measurement by means of different infrared thermometers is in
agreement with rectal temperature, identifying which body regions and infrared devices
could be more appropriate for this scope.

2. Materials and Methods
2.1. Animal and Experimental Design

Twenty client-owned cats of different breeds (Maine Coon, European Shorthair, and
Ragdoll), 10 females and 10 neutered males, 3-5 years old, with a mean body weight
4.5 £ 0.20 kg, with a coat color from white to grey, and with coat lengths between short-
and medium-hair were recruited for the study. Cats examined between March and June
2020 were eligible for inclusion. Cats suffering from ectoparasites, recto-anal disease, der-
matitis, cutaneous neoplasia, and metabolic and contagious diseases were excluded, as
were any cats that had a rectal temperature outside the range of 37.8 °C to 39.4 °C, clas-
sified as normothermia [41,46]. This work involved the use of non-experimental animals
only (owned animals). The established, internationally recognized high standards (”best
practice”) of individual veterinary clinical patient care were followed. The protocol of
animal experimentation was reviewed and approved by the Ethics Review Board, in accor-
dance with the standards recommended by the Guide for the Care and Use of Laboratory
Animals and Directive 2010/63/EU for animal experiments. All animals were enrolled in
the study after receiving the written consent of the owners, in compliance with the Italian
Regulation D.L. 116/1992.

2.2. Measurements

Cutaneous temperatures were recorded by means of three different non-contact in-
frared thermometers in five fully haired regions of interest: jugular, shoulder, rib, flank,
and inner thigh (Figure 1). The measurement sites were standardized on the right side
using anatomical landmarks as follows: jugular site at the middle-third of the jugular vein;
shoulder site at the tip of the shoulder; rib site at the middle-third of the chest, caudally to
the heart area; flank site at the dorsal portion of the flank, cranially to the iliac crest; and
inner thigh site, caudally to the knee joint.
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Figure 1. Graphical representation of measurement sites used for cutaneous temperature recording
in cats. Jugular: the middle-third of the jugular vein; shoulder: the tip of the shoulder; rib: the
middle-third of the chest, caudally to the heart area; flank: the dorsal portion of the flank, cranially to
the iliac crest; inner thigh: caudally to the knee joint.

The mentioned five regions of interest were chosen because animal handling is not
required for reading the surface temperature in those areas [5].

The infrared thermometers used do not have a conversion factor incorporated, which
converts a cutaneous reading into an estimated equivalent rectal reading.

The temperature and humidity conditions inside the experimental room were con-
stantly monitored using a thermohygrometric probe. The microclimatic conditions were
evaluated (mean =+ standard deviation (SD)): the environment temperature was 20 £ 0.6 °C
and the humidity was 47 £ 1.5%.

Prior to the use of infrared thermometers, the subjects were kept in the experimental
room for approximately 15 min for acclimatization to the environmental conditions.

Three different infrared thermometers were used to assess the cutaneous temperature:
IR1, the infrared thermometer Norditalia FI-150, with an accuracy of +1.0 °C; IR2, the
infrared thermometer THMO010-VT001, Mediaid Inc., Cerritos, CA, USA, with an accuracy
of 0.3 °C; and IR3, the Fluke 62 mini-infrared thermometer, with an accuracy of +1.5 °C.
All the thermometers were placed at a distance of 5 cm from the measurement site. They
were equipped with a tube placed above the sensor to reduce the sensor’s field of view
(FOV) and to remove possible ambient IR sources. In total, 16 measurements were made
for each cat. A single rectal temperature was measured using a digital thermometer (model
HI92704, Hanna Instruments, Bedfordshire, UK), with a resolution of 0.1 °C, that was
inserted 3 cm into the rectum.

The order of data recordings by means of the IR thermometers and the measurement
sites were chosen randomly. The rectal temperature was evaluated after the cutaneous
temperature to avoid false results because of temperature elevations due to activity and
muscular exertion, resulting in a local temperature increase in the rectum [47].

All the cats enrolled in the study were accustomed to human presence and contact.
During the experimental protocol, none of the cats showed behavioral disorders related
to acute stress induced by cutaneous temperature measurement [32]. The same operator
performed the temperature recordings.

To assess the accuracy of the digital and IR thermometers, we used them to evaluate
the thermal recovery of an object preheated inside a thermostated oven, and then left it at
room temperature for 15 min. A breast phantom, usually employed for quality controls of
radiological equipment and made of material mimicking human tissue, was used.

All the temperature recordings were performed at the same time of the day (09:00)
to avoid changes due to the circadian oscillation of the body temperature, as observed in
diurnal animals [32]. Owned cats have been observed to show diurnal activity, with a higher
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amount of activity during the photophase than during the scotophase, as a consequence
of the close relationship with humans, inducing an adaptation of their lifestyle to those of
their owners [33].

2.3. Statistical Analysis

A Kruskal-Wallis test was applied to evaluate the consistency of the experimental data
recorded during the evaluation of the preheated object for the 15 min of the thermal recovery.

The obtained data, expressed as mean =+ SD, were normally distributed (Kolmogorov—
Smirnov test, p > 0.05). Two-way analysis of variance (ANOVA) was applied to determine
statistically significant effects of the thermometer and body region on the cutaneous tem-
perature measured in cats. Tukey’s test was applied for post hoc comparison. For the
comparison among the different IR devices and body temperature measurements, the per-
centage of paired readings, in which the rectal-body temperature differences were within
the clinically accepted limit of £0.5 °C, was determined.

The correlation coefficient (r) between rectal temperature and the cutaneous temper-
ature recorded with the means of the various used thermometers in each tested region
was evaluated. Agreement between the body temperature measurements and the rectal
temperature measurements, and among the different thermometers, were determined by
the Bland—-Altman method. Bias was defined as the mean difference between two methods,
and the limits of agreement (LOA) were calculated as the bias £ 1.96 (SD), as previously
reported [4,5,27]. A value of p <0.05 was considered statistically significant. The data were
analyzed using the statistical software Prism v.5.00 (Graphpad Software Ltd., San Diego,
CA, USA, 2003).

3. Results

The results of the measurements of an object preheated inside a thermostated oven
and then left at room temperature for 15 min are presented in Table 1. The application of the
Kruskal-Wallis test indicated no significant differences between the measurements obtained
from the four different instruments (p = 0.98542, significance level p < 0.01). Having assessed
the consistency of the probes, we proceeded with the experimental protocol on cats.

Table 1. Temperature (°C) recorded for the accuracy assessment of the different thermometers used
during the experimental protocol. The temperature of a preheated object was recorded for 15 min
during its thermal recovery every 1 min by means of digital and infrared (IR) thermometers.

Minutes Digital IR1 IR2 IR3
0 42 42 42 41.8
1 40.8 40.7 40.6 40.7
2 40.1 40 40 39.8
3 39.2 39.1 39.2 38.8
4 38.2 38.4 38.4 38
5 375 37.2 37.3 37.1
6 36.4 36.1 36 359
7 35.6 35.2 35.3 35
8 34.8 34.5 34.6 34.5
9 34 33.8 33.7 33.6

10 32.9 33 32.8 32.8
11 32 31.6 31.7 31.8
12 29.8 29.7 29.8 29.8
13 29.3 28.9 29 29.1
14 28.5 28.2 28.4 28.3
15 27.3 27.2 27.3 27.2
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Table 2 reports the mean £ SD of the cutaneous temperature recorded in the five
regions by means of the three different non-contact infrared thermometers and of rectal
temperature recorded by a digital thermometer. The rectal temperature recorded in the
20 healthy cats was 38.59 £ 0.60 °C. The two-way ANOVA showed a significant effect of
the different thermometers (p < 0.0001) and body regions (p < 0.0001) on the cutaneous
temperatures in the cats. In particular, regarding the data recorded by the different ther-
mometers, IR3 recorded a lower temperature than IR1 in all the body regions investigated
(jugular p < 0.0001, shoulder p < 0.0001, rib p < 0.0001, flank p < 0.05, inner thigh p < 0.0001).
IR3 recorded a lower temperature than IR2 in the jugular (p < 0.01) and shoulder (p < 0.01)
regions. IR2 recorded a lower temperature than IR1 in the jugular (p < 0.0001), shoulder
(p < 0.05), rib (p < 0.0001), and inner thigh (p < 0.05) regions. Regarding the various body
regions investigated, IR1 gave a higher temperature in the inner thigh than in the jugular,
rib, and flank (p < 0.01). IR3 recorded a lower value of the cutaneous temperature in the
jugular region than in the shoulder (p < 0.01), rib (p < 0.01), flank (p < 0.0001), and inner
thigh (p < 0.0001) regions; moreover, the temperature of the inner thigh region was higher
than that in the shoulder region (p < 0.01). The use of IR2 did not show differences in the
recording of the cutaneous temperature in the various regions studied.

Table 2. Means =+ SD of cutaneous temperature recorded in the five body regions (jugular, shoulder,
rib, flank, inner thigh) obtained with the three different thermometers, and rectal temperature
recorded by a digital thermometer in twenty healthy cats, expressed in °C. Statistical significance is
also reported. Symbols (* =vs. jugular region, * = vs. shoulder region, ° = vs. rib and flank) indicate
statistically differences of cutaneous temperature between the five different body regions (jugular,
shoulder, rib, flank, inner thigh) using the same thermometer. Lower letters (* = vs. IR1 and IR2,
b = vs. IR1) indicate statistically different cutaneous temperature values recorded in the same

cutaneous region using different thermometers (IR1, IR2, IR3).

Thermometers Shoulder Rib Flank Inner thigh Rectal
IR1 36.05 + 1.39 36.27 + 1.64 35.77 + 1.73 35.55 + 1.46 37.21 + 1.54 #°
IR2 3441 4+ 1.25P 34.42 +£1.70° 34.48 4+ 0.87 P 34.81 + 0.89 35.17 + 1.06 P
IR3 3151+ 1422 32.76 +1.933% 3330 +£1.948b% 3387+ 1.80b%  34.08 4 1.93 %+
Digital 38.59 =+ 0.60

The mean cutaneous temperature values from IR1, IR2, and IR3 tended to be lower
than the rectal temperature by, respectively, 1.38 °C t0 3.04 °C, 3.42 °C t0 4.18 °C, and 4.51 °C
to 7.08 °C. Out of 300 measurements, 3.43% of cutaneous temperature measurements by the
three IR thermometers within £0.5 °C of rectal temperature measurements was reported.

The rectal temperature value recorded by means of digital thermometer was positively
correlated with the cutaneous temperature recorded at the jugular (p < 0.05; r = 0.61),
shoulder (p < 0.05; r = 0.66), and flank (p < 0.01; r = 0.75) regions with the IR1 thermometer.

Agreement between the cutaneous and rectal temperature measurements was not
satisfactory, as shown by the Bland—Altman plots (Figure 2), in which the mean temperature
values were far from the zero-bias line, with a large SD of the bias and a large width
of the limits of agreement. In cutaneous infrared measurements, the temperature was
overestimated at lower values of the rectal temperature range, and underestimated at
higher values.

Considering the comparison of the various IR thermometers used, with respect to
the rectal one, the lowest bias was observed using the IR1 in all investigated regions;
considering the various investigated body regions, the lowest bias was observed in the
inner thigh (Table 3).
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Figure 2. Bland-Altman comparisons of the rectal temperature values recorded with a digital
thermometer, with the cutaneous temperature recorded using the three different non-contact infrared
thermometers (IR1, IR2, and IR3) on the different cutaneous sites (jugular, shoulder, rib, flank, and
inner thigh) in twenty healthy cats. The dotted lines represent the lower (L) and upper (U) limits of
agreement (LOA); the solid line represents the mean difference (bias: B rectal temperature—cutaneous
temperature) between the cutaneous and the rectal temperature measurements.

Table 3. Bland—-Altman comparisons of the cutaneous temperature recorded (the jugular, shoulder,
rib, flank, and inner thigh) with three different non-contact infrared thermometers (IR1, IR2, and IR3)
in twenty healthy cats.

Cutaneous Infrared

Regions Thermometers IR2 IR3 IR3

Upper Limit 5.66 8.40 6.96

Jugular Bias IR1 1.63 4.53 IR2 2.89
Lower Limit —2.38 0.66 -1.17

Upper Limit 3.94 7.29 5.10

Shoulder Bias IR1 1.85 3.50 IR2 1.65
Lower Limit —0.24 —-0.27 —1.78

Upper Limit 3.89 7.34 4.84

Rib Bias IR1 1.29 2.47 IR2 1.18
Lower Limit —1.31 —2.40 —2.48

Upper Limit 2.94 4.38 3.57

Flank Bias IR1 0.73 1.67 IR2 0.94
Lower Limit —1.47 —1.03 —1.69

Upper Limit 454 5.96 3.83

Inner Thigh Bias IR1 2.03 3.13 IR2 1.09

Lower Limit 0.46 0.29 —1.64
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4. Discussion

In the current study, we compared three non-contact infrared thermometers with
a digital rectal thermometer in the evaluation of body temperature in healthy cats by
the investigation of five body regions. As expected, the comparison of the rectal and
cutaneous temperatures showed a higher rectal temperature value than the cutaneous one.
Although measurements of jugular, shoulder, and flank cutaneous temperature by only
one IR thermometer correlated modestly with rectal temperatures, the agreement between
the two methods was too poor to recommend the use of the tested infrared devices in
clinical practice.

The obtained results are in accordance with previous studies conducted with different
strategies and infrared thermometers, and in different animal species [2,44].

Kunkle et al. [45] reported highly variable values using an infrared thermometer for
the body temperature measurements (a mean difference of 0.07 °C and limits of agreement
of 1.43 °C and —1.36 °C), which they considered unacceptable for clinical purposes in cats.

According to the present results, it is not only the differences between the rectal and
cutaneous temperature that make the use of infrared thermometers unacceptable for the
monitoring of body temperature in cats, but also the fact that the infrared devices generated
results that were not in good agreement among themselves. The obtained data were not
reproducible and not constant.

To date, despite the large existing literature on infrared methodology in veterinary
medicine [2-8,16,18,19,22-24,28-52], no attention has been given to monitoring the perfor-
mance of different infrared devices, comparing their surface temperature measurements
in cats. In other species, the differences between rectal and cutaneous temperature have
been established to be a conversion factor when the alternative method is used for the
recording of body temperature instead of the gold standard of rectal temperature [29].
The infrared thermometers used do not have a conversion factor incorporated, which
converts a cutaneous reading into an estimated equivalent rectal reading, strengthening
the explanation that the detected differences among the various cutaneous sites and rectal
temperature measurements were due to physiological temperature differences.

The comparison of the cutaneous temperature measurements on the different body re-
gions and by the three examined thermometers showed that the IR3 thermometer recorded
lower mean cutaneous temperature values at the jugular region than at the shoulder, flank,
rib, and inner thigh regions.

The measurement values obtained with IR2 showed no statistically significant dif-
ferences among them. IR1 recorded higher temperature values than all the cutaneous
thermometers used in this study. The jugular, shoulder, and inner thigh showed different
temperature values using all tools, whereas the rib and flank provided different values
with IR3 as compared with IR1.

The differences observed among the recorded data may represent a physiological
difference between body sites. The differences in the cutaneous temperature could be due to
the relative power of the different body regions to emit heat by radiation (emissivity), linked
to the length, color, and density of the coat, the thinner fur, and the muscle mass [36,37]. It
is likely that the hair coat impeded infrared emission detection at some sites, which would
explain why lower temperature readings were associated with a greater length of the
coat [5,52]. The different arterial blood flows in each body portion represent another factor
that can play a role in the variability of the data [5]. The same expert operator performed
the temperature measurements, thus excluding the inter-rater variability.

The assessed regions showed different cutaneous temperature values, also regarding
the infrared methodology used. The three IR methodologies showed low repeatability
of data recordings in vivo, in contrast to the high repeatability observed during the test
performed on the heated object before the start of the study. This finding is in agree-
ment with previously reported findings in feline species regarding the use of tympanic
infrared thermometers [7]. However, the reason for this difference is not clear and needs
further investigation.
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In an ideal instrument, the difference between infrared and rectal thermometry would
be 0 °C at any temperature measured [27]. Statistical analysis showed poor agreement
among the cutaneous thermometry data with wide limits of agreement and large bias,
confirming that cutaneous temperature measurement in the studied body regions cannot be
used as a reliable substitute for rectal temperature measurement in clinical settings. More-
over, the fact that less than 4% of cutaneous temperature measurements in different body
sites and with different devices were not within £0.5 °C of rectal temperatures suggests
that these methods should not be used interchangeably in cats. The poor interchangeability
is also due to the fact that the infrared devices generated results not in good agreement
with them, despite their similar technical characteristics.

In addition to the only moderate correlation between methods, all of the cutaneous-
rectal temperature Bland—Altman plots showed variable bias, with generally positive
temperature differences at low average body temperatures, and generally negative tem-
perature differences at high average body temperatures, suggesting perhaps that surface
temperature remains relatively constant despite changes in rectal temperature. This finding
further underlines how the cutaneous temperature differs from the rectal one.

Our results are striking in that we observed this low concordance between rectal and
infrared temperatures in healthy cats maintained in a zone of thermal neutrality at standard-
ized external conditions to reduce the effects of external variables. Infrared temperature
can be expected to state more than 1° C (until about 7 °C) below a rectal temperature, and
this discrepancy precludes the use of infrared thermometry in feline practice.

As reported in hypo- and hyperthermic cats [5] and in young febrile children [26], this
study showed a significant device overestimation of infrared temperature at low rectal
temperatures and an underestimation at elevated rectal temperatures also in normother-
mic cats.

The present study has some limitations, such as the small sample size and the lack of
hypothermic and hyperthermic measurements to permit sensitivity /specificity testing to
detect abnormal body temperatures. Although the small sample size may be warranted by
the narrow inclusion criteria necessary to obtain a homogeneous sample of healthy cats,
further studies are needed on a larger number of cats to confirm our results in different
environmental conditions and in hypo/hyperthermic subjects.

5. Conclusions

This study demonstrated that infrared temperature measurement devices generated
results that were not in good agreement among themselves, providing a novel result of
clinical importance. In the present study, infrared thermometry used in the region of
interest of the jugular, shoulder, rib, flank, and inner thigh does not correlate to rectal
temperature. So, the cutaneous temperature does not seem to be a reliable alternative
to the rectal temperature for measuring the body temperature in cats. In cats, the use of
non-contact infrared thermometers gave no reproducible or constant data to justify their
application for the recording of body temperature instead of rectal temperature recording.
In addition, the absence of reproducible data prevented the establishment of the normal
cutaneous temperature range in the various body regions investigated.

Author Contributions: Conceptualization, C.G. and S.D.P,; formal analysis, F.A.; investigation, A.F.
and E.G.; resources, G.P,; data curation, FA.; writing—original draft preparation, G.A. and M.P;
writing—review and editing, C.G., supervision S.D.P. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This work involved the use of non-experimental animals
only (owned animals and data from prospective or retrospective studies). Established internationally
recognized high standards (“best practice”) of individual veterinary clinical patient care were followed.



Animals 2022, 12, 1275 10 of 12

Informed Consent Statement: Written informed consent was obtained from the owners of all animals
described in this work for the procedures undertaken. For any animals or humans individually
identifiable within this publication, informed consent for their use in the publication (verbal or
written) was obtained from the people involved.

Data Availability Statement: The data that support the findings of this study are available on request
from the corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Choi, ] K; Miki, K.; Sagawa, S.; Shiraki, K. Evaluation of mean skin temperature formulas by infrared thermography.
Int. |. Biometeorol. 1997, 41, 68-75. [CrossRef] [PubMed]

2. Giannetto, C.; Arfuso, F; Giudice, E.; Gianesella, M.; Fazio, F.; Panzera, M.; Piccione, G. Infrared methodologies for the assessment
of skin temperature daily rhythm in two domestic mammalian species. J. Therm. Biol. 2020, 92, 102677. [CrossRef] [PubMed]

3.  Southward, E.S.; Mann, FA.; Dodam, J.; Wagner-Mann, C.C. A comparison of auricular, rectal, and pulmonary artery thermometry
in dogs with anesthesia-induced hypothermia. J. Vet. Emerg. Crit. Care 2006, 16, 172-175. [CrossRef]

4. Greer, R],; Cohn, L.A.; Dodam, ].R.; Wagner-Mann, C.C.; Mannet, EA. Comparison of three methods of temperature measurement
in hypothermic, euthermic and hyperthermic dogs. J. Am. Vet. Med. Assoc. 2007, 230, 1841-1848. [CrossRef]

5. Nutt, KR; Levy, ].K,; Tucker, S.J. A comparison of non-contact infrared thermometry and rectal thermometry in cats. J. Feline
Med. Surg. 2016, 18, 798-803. [CrossRef]

6. Hall, EJ.; Fleming, A.; Carter, A.J. Investigating the use of non-contact infrared thermometers in cats and dogs. Vet. Nurse 2019,
10, 109-115. [CrossRef]

7. Smith, V.A;; Lamb, V.; McBrearty, A.R. Comparison of axillary, tympanic membrane and rectal temperature measurement in cats.
J. Feline Med. Surg. 2015, 17, 1028-1034. [CrossRef]

8.  Schmid, S.M.; Biischer, W.; Steinhoff-Wagner, J. Suitability of Different Thermometers for Measuring Body Core and Skin
Temperatures in Suckling Piglets. Animals 2021, 11, 1004. [CrossRef]

9.  Stella, J.L.; Croney, C.C. Environmental aspects of domestic cat care and management: Implications for cat welfare. Sci. World J.
2016, 2016, 6296315. [CrossRef]

10. Amat, M.; Camps, T.; Manteca, X. Stress in owned cats: Behavioural changes and welfare implications. J. Feline Med. Surg. 2016,
18, 577-586. [CrossRef]

11. Horwitz, D.F; Rodan, I. Behavioral awareness in the feline consultation: Understanding physical and emotional health. J. Feline
Med. Surg. 2018, 20, 423-426. [CrossRef] [PubMed]

12.  Griffin, EC.; Mandese, W.W.; Reynolds, P.S. Evaluation of clinical examination location on stress in cats: A randomized crossover
trial. . Feline Med. Surg. 2021, 23, 364-369. [CrossRef] [PubMed]

13. Oka, T. Psychogenic fever: How psychological stress affects body temperature in the clinical population. Temperature 2015,
2,368-378. [CrossRef] [PubMed]

14. Herron, M.E.; Shreyer, T. The pet-friendly veterinary practice: A guide for practitioners. Vet. Clin. N. Am. Small Anim. Pract. 2014,
44,451-481. [CrossRef] [PubMed]

15. Hammerle, M.; Horst, C.; Levine, E.; Overall, K.; Radosta, L.; Rafter-Ritchie, M.; Yin, S. AAHA canine and feline behavior
management guidelines. J. Am. Anim. Hosp. Assoc. 2015, 51, 205-221. [CrossRef]

16. Soerensen, D.D.; Pedersen, L.J. Infrared skin temperature measurements for monitoring health in pigs: A review. Acta Vet. Scand.
2015, 57, 5. [CrossRef]

17.  Acri, G.; Tripepi, M.G.; Vermiglio, V.; Sansotta, C.; Testagrossa, B.; Causa, F.; Vermiglio, G. Telethemographic evidence of tattoos
dermatological relevance. Acta Med. Mediterr. 2010, 26, 17-23.

18.  Stoop, R.; Hohenauer, E.; Aerenhouts, D.; Barel, A. Comparison of two skin temperature assessment methods after the application
of topical revulsive products: Conductive iButton data logger system vs contact-free infrared thermometry. Skin Res. Technol.
2020, 26, 648-653. [CrossRef]

19. Casas-Alvarado, A.; Martinez-Burnes, J.; Mora-Medina, P.; Herndndez-Avalos, I.; Dominguez-Oliva, A.; Lezama-Garcia, K,;
Gomez-Prado, J.; Mota-Rojas, D. Thermal and Circulatory Changes in Diverse Body Regions in Dogs and Cats Evaluated by
Infrared Thermography. Animals 2022, 12, 789. [CrossRef]

20. Mot-Rojas, D.; Goncalves Titto, C.; Orihuela, A.; Mertinez-Burnes, J.; Gomez-Prado, ].; Torres-Bernal, F.; Flores-Pailla, K.; Carvajal-
de la Fuente, V.; Wang, D. Physiological and behavioral mechanisms of themoregulation in mammals. Animals 2021, 11, 1733.
[CrossRef]

21. Aloweni, EA.B,; Ang, S.Y,; Chang, Y.Y.; Ng, X.P; Teo, K.Y.; Choh, A.C.L.; Goh, LH.Q.; Lim, S.H. Evaluation of infrared technology
to detect category I and suspected deep tissue injury in hospitalised patients. . Wound Care 2019, 28 (Suppl. 12), 59-516. [CrossRef]
[PubMed]

22. Nitrini, A.G.C.; Cogliati, B.; Matera, ]. M. Thermographic assessment of skin and soft tissue tumors in cats. J. Feline Med. Surg.

2020, 23, 513-518. [CrossRef] [PubMed]


http://doi.org/10.1007/s004840050056
http://www.ncbi.nlm.nih.gov/pubmed/9429341
http://doi.org/10.1016/j.jtherbio.2020.102677
http://www.ncbi.nlm.nih.gov/pubmed/32888574
http://doi.org/10.1111/j.1476-4431.2005.00158.x
http://doi.org/10.2460/javma.230.12.1841
http://doi.org/10.1177/1098612X15596564
http://doi.org/10.12968/vetn.2019.10.2.109
http://doi.org/10.1177/1098612X14567550
http://doi.org/10.3390/ani11041004
http://doi.org/10.1155/2016/6296315
http://doi.org/10.1177/1098612X15590867
http://doi.org/10.1177/1098612X18771204
http://www.ncbi.nlm.nih.gov/pubmed/29706091
http://doi.org/10.1177/1098612X20959046
http://www.ncbi.nlm.nih.gov/pubmed/33054492
http://doi.org/10.1080/23328940.2015.1056907
http://www.ncbi.nlm.nih.gov/pubmed/27227051
http://doi.org/10.1016/j.cvsm.2014.01.010
http://www.ncbi.nlm.nih.gov/pubmed/24766695
http://doi.org/10.5326/JAAHA-MS-6527
http://doi.org/10.1186/s13028-015-0094-2
http://doi.org/10.1111/srt.12847
http://doi.org/10.3390/ani12060789
http://doi.org/10.3390/ani11061733
http://doi.org/10.12968/jowc.2019.28.Sup12.S9
http://www.ncbi.nlm.nih.gov/pubmed/31825768
http://doi.org/10.1177/1098612X20961045
http://www.ncbi.nlm.nih.gov/pubmed/33019847

Animals 2022, 12,1275 11 of 12

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.
48.

49.

Vainionpad, M.H.; Raekallio, M.R.; Junnila, J.J.; Hielm-Bjérkman, A K.; Snellman, M.P.; Vainio, O.M. A comparison of thermo-
graphic imaging, physical examination and modified questionnaire as an instrument to assess painful conditions in cats. J. Feline
Med. Surg. 2013, 15, 124-131. [CrossRef] [PubMed]

Pouzot-Nevoret, C.; Barthélemy, A.; Goy-Thollot, L; Boselli, E.; Cambournac, M.; Guillaumin, J.; Bonnet-Garin, J.; Allaouchiche,
J.-M. Infrared thermography: A rapid and accurate technique to detect feline aortic thromboembolism. J. Feline Med. Surg. 2018,
20, 780-785. [CrossRef]

Teller, J.; Ragazzi, M.; Simonetti, G.D.; Lava, S.A.G. Accuracy of tympanic and forehead thermometers in private paediatric
practice. Acta Paediatr. 2014, 103, ES0-E83. [CrossRef]

Sener, S.; Karcioglu, O.; Eken, C.; Yaylaci, S.; Ozsarac, M. Agreement between axillary, tympanic, and mid-forehead body
temperature measurements in adult emergency department patients. Eur. J. Emerg. Med. 2012, 19, 252-256. [CrossRef]

Fortuna, E.L.; Carney, M.M.; Macy, M.; Stanley, R.M.; Younger, ].G.; Bradin, S.A.; Arbor, A. Accuracy of Non-Contact Infrared
Thermometry Versus Rectal Thermometry in Young Children Evaluated in The Emergency Department for Fever. . Emerg. Nurs.
2010, 36, 101-104. [CrossRef]

Chen, P.H.; White, C.E. Comparison of rectal, microchip transponder, and infrared thermometry techniques for obtaining body
temperature in the laboratory rabbit (Oryctolagus cuniculus). J. Am. Assoc. Lab. Anim. Sci. 2006, 45, 57-63.

Brunell, M.K. Comparison of noncontact infrared thermometry and 3 commercial subcutaneous temperature transponding
microchips with rectal thermometry in Rhesus Macaques (Macaca mulatta). ]. Am. Assoc. Lab. Anim. Sci. 2012, 51, 479-484.
Stephens-DeValle, ]. M. Comparison of tympanic, transponder, and noncontact infrared laser thermometry with rectal thermometry
in strain 13 guinea pigs (Cavia porcellus). Contem. Top. Lab. Anim. Sci. 2005, 44, 35-38.

Warn, PA.; Brampton, M.W,; Sharp, A.; Morrissey, G.; Steel, N.; Denning, D.W.; Priest, T. Infrared body temperature measurement
of mice as an early predictor of death in experimental fungal infections. Lab. Anim. 2003, 37, 126-131. [CrossRef] [PubMed]
Arfuso, E; Acri, G.; Piccione, G.; Sansotta, C.; Fazio, F; Giudice, E.; Giannetto, C. Eye surface infrared thermography usefulness
as a noninvasive method of measuring stress response in sheep during shearing: Correlations with serum cortisol and rectal
temperature values. Physiol. Behav. 2022, 250, 113781. [CrossRef] [PubMed]

Giannetto, C.; Gianesella, M.; Arfuso, F,; Carcangiu, V.; Rizzo, M.; Fazio, F.; Abbate, F; Piccione, G. Change of serum mitochondral
uncpling protein 1 (ucp1) levels and daily rhythm of rectal and cutaneous temperatures in Equus caballus and Capra hyrcus.
Biol. Rhythm Res. 2017, 48, 931-938. [CrossRef]

Johnson, S.R; Rao, S.; Hussey, S.B.; Morley, P.S.; Traub-Dargatz, ]J.L. Thermographic Eye Temperature as an Index to Body
Temperature in Ponies. ]. Equine Vet. Sci. 2016, 31, 63—66. [CrossRef]

Salles, M.S.V.; da Silva, C.S.; Sallesa, F.A.; Roma, L.C.; El Faro, L.; Bustos Mac Lean, P.A.; de Oliveira, C.E.L.; Martello, L.S.
Mapping the body surface temperature of cattle by infrared thermography. J. Therm. Biol. 2016, 62, 63—69. [CrossRef]

Ramey, D.; Bachmann, K.; Lee, M.L. A comparative study of non-contact infrared and digital rectal thermometer measurements
of body temperature in the horse. J. Equine Vet. Sci. 2011, 31, 191-193. [CrossRef]

Piccione, G.; Giannetto, C.; Marafioti, S.; Casella, S.; Assenza, A.; Fazio, F. Comparison of daily rhythm of rectal and auricular
temperatures in horses kept under a natural photoperiod and constant darkness. J. Thermal. Biol. 2011, 36, 245-249. [CrossRef]
Piccione, G.; Giannetto, C.; Fazio, F.; Giudice, E. Accuracy of auricular temperature determination as body temperature index and
its daily rhythmicity in healthy dog. Biol. Rhythm Res. 2011, 42, 437-443. [CrossRef]

Giannetto, C.; Fazio, F; Panzera, M.; Alberghina, D.; Piccione, G. Comparison of rectal and vaginal temperature daily rhythm in
dogs (canis familiaris) under different photoperiod. Biol. Rhythm. Res. 2015, 46, 113-119. [CrossRef]

Giannetto, C.; di Pietro, S.; Falcone, A.; Pennisi, M.; Giudice, E.; Piccione, G.; Acri, G. Thermographic ocular temperature
correlated with rectal temperature in cats. J. Thermal. Biol. 2021, 102, 103104. [CrossRef]

Goic, ].B.; Reineke, E.L.; Drobatz, K.J. Comparison of rectal and axillary temperatures in dogs and cats. . Am. Vet. Med. Assoc.
2014, 244, 1170-1175. [CrossRef] [PubMed]

Yanmaz, L.E.; Dogan, E.; Okumus, Z.; Senocak, M.G. Comparison of rectal, eye and ear temperatures in kangal breed dogs.
Kafkas Univ. Vet. Fak. Derg. 2015, 21, 615-617.

Zanghi, B.M. Eye and ear temperature using infrared thermography are related to rectal temperature in dogs at rest or with
exercise. Front. Vet. Sci. 2016, 3, 111. [CrossRef] [PubMed]

Cugman, B.; Susteric, P.; Gorenjec, N.R.; Plavec, T. Comparison between rectal and body surface temperature in dogs by the
calibrate infrared thermometer. Vet. Anim. Sci. 2020, 9, 100120. [CrossRef] [PubMed]

Kunkle, G.A.; Nicklin, C.F; Sullivan-Tamboe, D.L. Comparison of Body Temperature in Cats Using a Veterinary Infrared
Thermometer and a Digital Rectal Thermometer. J. Am. Anim. Hosp. Assoc. 2004, 40, 42—46. [CrossRef] [PubMed]

Sousa, M.G.; Carareto, R.; Pereira-Junior, V.A.; Aquino, M.C. Agreement between auricular and rectal measurements of body
temperature in healthy cats. J. Feline Med. Surg. 2013, 15, 275-279. [CrossRef] [PubMed]

Martin, B.J. Tympanic infrared thermometry to determine cat body temperature. Contemp. Top. Lab. Anim. Sci. 1995, 34, 89-92.
Girod, M.; Vandenheede, M.; Farnir, F.; Gommeren, K. Axillary temperature measurement: A less stressful alternative for
hospitalised cats? Vet. Rec. 2016, 178, 192. [CrossRef]

Piccione, G.; Marafioti, S.; Giannetto, C.; Panzera, M.; Fazio, F. Daily rhythm of total locomotor activity pattern in domestic cats
(Felis silvestris catus) maintained in two different housing conditions. J. Vet. Behav. 2013, 8, 189-194. [CrossRef]


http://doi.org/10.1177/1098612X12463926
http://www.ncbi.nlm.nih.gov/pubmed/23076598
http://doi.org/10.1177/1098612X17732485
http://doi.org/10.1111/apa.12464
http://doi.org/10.1097/MEJ.0b013e32834c5841
http://doi.org/10.1016/j.jen.2009.07.017
http://doi.org/10.1258/00236770360563769
http://www.ncbi.nlm.nih.gov/pubmed/12689423
http://doi.org/10.1016/j.physbeh.2022.113781
http://www.ncbi.nlm.nih.gov/pubmed/35314176
http://doi.org/10.1080/09291016.2017.1323410
http://doi.org/10.1016/j.jevs.2010.12.004
http://doi.org/10.1016/j.jtherbio.2016.10.003
http://doi.org/10.1016/j.jevs.2011.02.009
http://doi.org/10.1016/j.jtherbio.2011.03.006
http://doi.org/10.1080/09291016.2010.526425
http://doi.org/10.1080/09291016.2014.963946
http://doi.org/10.1016/j.jtherbio.2021.103104
http://doi.org/10.2460/javma.244.10.1170
http://www.ncbi.nlm.nih.gov/pubmed/24786164
http://doi.org/10.3389/fvets.2016.00111
http://www.ncbi.nlm.nih.gov/pubmed/28066775
http://doi.org/10.1016/j.vas.2020.100120
http://www.ncbi.nlm.nih.gov/pubmed/32734121
http://doi.org/10.5326/0400042
http://www.ncbi.nlm.nih.gov/pubmed/14736904
http://doi.org/10.1177/1098612X12464873
http://www.ncbi.nlm.nih.gov/pubmed/23090330
http://doi.org/10.1136/vr.103580
http://doi.org/10.1016/j.jveb.2012.09.004

Animals 2022, 12, 1275 12 0of 12

50. gvejdové, K.; Soch, M.; Simkova, A.; Zabransky, L.; Novék, P.; Broucek, J.; Cermak, B.; Palka, V,; Siméak-Libalov4, K. Measuring
the body surface temperature of animals using a thermographic camera. Acta Univ. Cibiniensis Ser. E Food Technol. 2013, 17, 99-106.
[CrossRef]

51. Rizzo, M,; Arfuso, F; Alberghina, D.; Giudice, E.; Gianesella, M. Monitoring changes in body surface temperature associated with
treadmill exercise in dogs by use of infrared methodologies. J. Therm. Biol. 2017, 69, 64—68. [CrossRef] [PubMed]

52. Meisfjord Jergensen, G.H.; Mejdell, C.M.; Boe, K.E. Effects of hair coat characteristics on radiant surface temperature in horses.
J. Therm. Biol. 2020, 87, 102474. [CrossRef] [PubMed]


http://doi.org/10.2478/aucft-2013-0017
http://doi.org/10.1016/j.jtherbio.2017.06.007
http://www.ncbi.nlm.nih.gov/pubmed/29037406
http://doi.org/10.1016/j.jtherbio.2019.102474
http://www.ncbi.nlm.nih.gov/pubmed/31999605

	Introduction 
	Materials and Methods 
	Animal and Experimental Design 
	Measurements 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

