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One of the most basic and fundamental physiologic parameters, 
measured in both clinical and research settings, is body tempera-
ture. Body temperature varies with the location of measurement, 
with the goal of using a site that yields readings that approximate 
the core body temperature as closely as possible. Measurement 
of hypothalamic or deep body sites accurately determines core 
body temperature.7 Generally this level of monitoring can only 
be obtained by using some form of invasive technique, such as 
urinary bladder catheterization, tympanic membrane probes, 
or pulmonary artery catheterization.5,10,14 Due to the impracti-
cal and potentially dangerous nature of conducting an invasive 
technique on every animal, rectal thermometry has become the 
‘gold-standard’ technique for obtaining an estimated core body 
temperature. Limitations of rectal thermometry are that it can 
be time- and labor-intensive and might require some form of 
physical or chemical restraint, depending on the species.7 The 
use of physical or chemical restraint has been shown to induce 
stress responses in animals, thus potentially altering the core 
body temperature and leading to an inaccurate measurement.1,12 
Inaccurate temperature measurements can delay treatment or 
result in unnecessary treatment, both of which can be stressful 
to animals and possibly confound research data.

Less invasive thermometry methods, such as implantable 
temperature-sensing microchips, have been developed and 
appear to be advantageous and potentially less stressful than 
is rectal thermometry. Advantages of implantable temperature-
sensing microchips include decreased use of chemical and 
physical restraint, reduced stress, and a decreased risk of injury 
to personnel. Subcutaneous temperature-sensing microchips have 
been proven successful in a variety of species, including cats, 
pigs, common marmosets, owl monkeys, guinea pigs, rabbits, 
large animals, and rodents.3,4,7,11,13,15,16,18 The use of implantable 

temperature-sensing subcutaneous microchips in ferrets has yet 
to be evaluated for accuracy, reliability, and repeatability. The 
objective of the present study was to evaluate the correlation 
between standard rectal thermometry and implantable temper-
ature-sensing subcutaneous microchips in ferrets to determine 
whether microchip transponders might be used as an alternative 
method to accurately measure body temperature.

Materials and Methods
Animals. This study used 16 (8 male, 8 female) purpose-bred 

domestic ferrets (Mustela putorius furo) that ranged in age from 
5.3 to 6 mo and weighed between 0.80 and 1.68 kg (Marshall 
BioResources, North Rose, NY). Prior to arrival, the ferrets 
were neutered or spayed, vaccinated with 2 doses (2 wk apart) 
of a modified live distemper vaccine starting at 9 wk of age, 
and vaccinated with killed rabies vaccine (Imrab-3, Merial, 
Duluth, GA) at 12 wk of age. Ferrets were free from overt 
clinical signs of illness and appeared healthy on arrival. Ferrets 
were housed within the Uniformed Services University of the 
Health Sciences (USUHS) Central Animal Facility, an AAALAC-
accredited facility. Animals underwent a 4-wk acclimation 
period prior to use. The ferrets in the current study were part 
of an IACUC-approved protocol establishing an animal model 
for lymphatic filariasis. Experimental methods associated with 
the current study were performed prior to any manipulations 
for the lymphatic filariasis protocol. All research was conducted 
in compliance with the Animal Welfare Act and Department of 
Defense regulations and adhered to the principles stated in the 
Guide for the Care and Use of Laboratory Animals.9

Ferrets were housed in same-sex pairs. The environment was 
maintained at 68 to 72 °F (20 to 22.2 °C), with a relative humidity 
of 30 to 70%. The ferrets were maintained on a 12:12-h light:dark 
light cycle and had unrestricted access to a commercial diet 
(Teklad Certified Global Diet 2072C, Harlan Teklad, Madison, 
WI) and fresh water. The ferrets were provided with a variety 
of toys for enrichment and had at least 1 h of free playtime in a 
designated exercise pen several times each week.
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the calibrated thermometer probe, which was encased in a probe 
cover and lubricated with bacteriostatic lubricant, approximately 
0.25 in. (0.635 cm) into the rectum, where it was held until the 
unit displayed a reading. The thermometer probe cover was 
replaced between ferrets. Ferrets were immediately scanned 
with the microchip reader as previously described until the 
reader’s display indicated the microchip’s temperature reading. 
Ferrets subsequently were returned to their home cage. Only one 
temperature reading was obtained from each ferret on each day.

The second experiment was conducted 5 d after the conclu-
sion of the first and followed the same process, except the rectal 
temperature measurement was obtained by using the common 
digital thermometer. The digital rectal thermometer was sani-
tized by wiping with 70% ethyl alcohol solution between ferrets. 
The microchip temperature was obtained immediately after ob-
taining the rectal temperature, as done in the first experiment 1.

Statistical analysis. Statistical analysis consisted of obtaining the 
Shrout and Fleiss intraclass correlation coefficient and 95% limits of 
agreement as described by Bland and Altman.2,17 The intraclass cor-
relation coefficient assessed the reliability and correlation between 
each rectal thermometer and the implantable temperature-sensing 
subcutaneous microchip. The sample size of 16 ferrets had 80% 
power at a significance level of 5% to reject the null hypothesis 
that the correlation is poor at an intraclass correlation coefficient 
0.2 or less when the true intraclass correlation coefficient is 0.7.20 
The statistical analysis of intraclass correlation coefficients was 
conducted by using SPSS (version 22, IBM, Armonk, NY).

The 95% limits of agreement enabled us to determine the 
degree of agreement between each rectal thermometer and the 
implantable temperature-sensing subcutaneous microchip. This 
method analyzes 2 continuous variables to determine if a new 
technique agrees sufficiently with the gold standard technique 
and can serve as an alternative.2 Rectal temperature was the 
gold standard technique used for analysis. Predetermined cri-
terion for agreement between the methods was within 2 °F (1.2 
°C) with a 95% confidence. The limit of agreement of 2 °F (1.2 
°C) was used as it is half of the published normal temperature 
range of 100 to 104 °F (37.7 to 40 °C),6 and clinical decisions to 
treat a ferret or remove it from study are rarely based solely on 
a single temperature reading but rather a collection of clinical 
signs and trend observation. Therefore, if we observe limits of 
agreement outside the range of ± 2°F, we would expect unac-
ceptably large differences between the rectal thermometer and 
implantable temperature-sensing subcutaneous microchip in 
at least 5% of the study population. Statistical analysis for 95% 
limits of agreement was conducted by using STATA (version 
12, StataCorp, College Station, TX).

Results
This study evaluated both a calibrated rectal thermometer 

and a common digital rectal thermometer and compared them 
individually with a subcutaneously implanted temperature-
sensing microchip. The microchip showed very good to good 
correlation with both the calibrated rectal thermometer (intra-
class correlation coefficient, 0.743; 95% confidence interval, 0.401 
to 0.902) and common digital rectal thermometer (intraclass 
correlation coefficient, 0.603; 95% confidence interval, 0.046 to 
0.855). According to previous studies that calculated the reliabil-
ity between measurements, an intraclass correlation coefficient 
of less than 0.40 signifies poor correlation, whereas 0.40 to 0.59 
signifies fair correlation, 0.60 to 0.74 indicates good correlation, 
and greater than 0.74 implies excellent correlation.19,21

Bland–Altman analysis of the recorded temperatures is pre-
sented in Table 1. The microchip agreed sufficiently with both 

Equipment. The equipment used in this study included 2 types 
of rectal thermometers and implantable temperature-sensing 
subcutaneous microchips. The primary rectal digital thermometer 
(Welch Allyn Sure Temp Plus 690V, Skaneateles Falls, NY) was 
battery-powered and handheld, and operated within a tempera-
ture range of 80 to 110 °F ± 0.2 °F (26.7 to 43.3 °C ± 0.1 °C). This 
device was chosen as the ‘gold standard’ reference because it can 
be recalibrated to manufacturer’s specifications. In fact, this de-
vice was originally calibrated by the manufacturer and, less than 2 
wk before the device’s first use, the University’s Medical Mainte-
nance Division used the manufacturer’s calibration key to verify 
and certify the accuracy of the manufacturer’s specifications. 
The second rectal digital thermometer (model 15-737, MABIS 
Healthcare, Waukegan, IL) was battery-powered and handheld, 
and operated within a temperature range of 90 to 111.9 °F ± 0.2 
°F (32.2 to 44.3 °C ± 0.1 °C); it represents a style used commonly 
for rectal thermometry. This device was originally calibrated by 
the manufacturer but was not verified for accuracy prior to use. 
The implantable temperature-sensing subcutaneous microchip 
(IPTT-300 Microchip, Bio Medic Data Systems, Seaford, DE) is a 
biocompatible glass capsule coated with a polypropylene poly-
mer to prevent migration. Each microchip, measuring 14 mm × 2 
mm and weighing 120 mg, was preloaded in a sterile, single-use, 
12-gauge delivery syringe. Microchips had a factory-calibrated 
range of 90 to 110 °F (32 to 43 °C) and were not verified for ac-
curacy prior to use. Temperature measurements were obtained 
by using a compatible reader (DAS-7007S Straight Wireless 
Handheld Reader, Bio Medic Data Systems).

Neither the common rectal thermometer nor the microchips 
were verified for accuracy prior to use as both have narrow 
temperature ranges and thus cannot be tested using the ‘gold-
standard’ thermometer calibration methods of immersion in 
either a circulating hot-water bath (212 °F [100 °C]) or an ice-
water bath (32 °F [0 °C]). As such, we assumed that the common 
rectal thermometer and the microchips were performing within 
manufacturer’s published specifications.

Experimental design. Microchips were implanted subcuta-
neously between the scapulae of the ferrets 3 wk prior to the 
first temperature measurements, to allow for the resolution of 
any local inflammation due to implantation. The microchip 
was scanned prior to implantation to ensure readability and to 
obtain the microchip number. Each ferret was assigned a sepa-
rate microchip number, which was recorded to correspond to 
the ferrets’ individual ear tag number. Ferrets were manually 
restrained for microchip implantation. On each ferret, a 3 cm × 3 
cm area between the scapulae was shaved with electric clippers 
and wiped with 70% ethyl alcohol solution. The skin was tented, 
the needle of the delivery syringe containing the microchip was 
inserted subcutaneously, and the microchip was implanted. The 
syringe was withdrawn, and the insertion site held closed for a 
few seconds to ensure skin closure and hemostasis. Ferrets were 
then scanned by using the microchip reader to verify correct 
implantation and functioning. After microchip verification, the 
ferrets were returned to their home cages.

Two experiments were conducted over a period of 5 d. Each 
ferret was manually restrained and scanned with the reader de-
vice by holding the reader a few millimeters above the shaved 
area, to confirm the location and readability of the microchip. 
Each microchip number was verified to match the number 
initially assigned. The first experiment compared temperature 
measurements between the calibrated digital thermometer and 
microchip. Each ferret’s body temperature was read first by us-
ing the calibrated digital thermometer followed by scanning of 
the microchip. The rectal temperature was obtained by inserting 
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restraint was unnecessary when using the microchips; ferrets 
required minimal restraint and were held with a softer grip for 
readings. Decreased physical restraint may minimize stress, 
allowing a more accurate point-in-time temperature reading. 
Eliminating stress-induced temperature elevations would 
benefit the reliability of data from studies requiring multiple 
temperature readings within a brief time period.

The implantable microchips also provide a very practical 
method for ferret identification. Ferrets were identified by the 
USDA silver ID clip in the right ear. This clip is very small and 
often difficult to read. In addition, it might easily be ripped 
from the ferret’s ear. The microchips are preloaded with a 
programmable identification number, allowing for consistent 

rectal thermometers to be accepted as an alternative technique. 
The average difference between the calibrated rectal thermom-
eter and the microchip was 0.07 °F (P = 0.775, paired t test) and 
95% limits of agreement were –1.82 and 1.96 (Figure 1). Because 
both limits are less than 2 in absolute value, differences between 
the 2 methods of more than 2 °F in either direction are unlikely. 
Furthermore, the common rectal thermometer is comparable 
to the microchip despite a significantly (P = 0.0033) higher 
temperature recording (0.675 °F) for the microchip compared 
with the common rectal thermometer. The 95% limits of agree-
ment were –2.19 and 0.84 (Figure 2), indicating that microchip 
temperatures more than 2 °F different from the corresponding 
rectal temperature might occur with some frequency, but dif-
ferences greater than 2.2 °F would be rare.

Discussion
This study demonstrates that implantable temperature-

sensing microchips have very good to good agreement with 
both calibrated and common rectal thermometry. Our results 
indicate that, compared with common rectal thermometers, 
microchips might overstate the body temperature in ap-
proximately 4% to 5% of ferrets. In fact, the common rectal 
thermometer might underestimate body temperatures, given 
that the microchip yielded an average difference <0.06 °F 
compared with the calibrated rectal thermometer, whereas the 
average difference between the readings from the microchip 
and common rectal thermometer was just over 0.5 F, indicating 
that the microchip-provided temperatures are closer to those of 
the calibrated thermometer. This finding may reflect the ability 
to recalibrate the calibrated thermometer to manufacturer’s 
specifications, whereas the common rectal thermometer can-
not be recalibrated.

The use of implantable temperature-sensing microchips 
has several advantages compared with rectal thermometry 
in ferrets. The temperature recording time is considerably 
faster with the microchips than with either type of rectal 
thermometers. The average time for a temperature reading 
with the microchips was 3 s at most. The calibrated rectal 
thermometer and the common rectal thermometer required 
an average of 15 s and 10 s, respectively, to provide a digital 
reading (data not shown). A faster reading time decreases the 
amount of time a ferret is subject to restraint and thus might 
decrease handling-associated stress. The longer times required 
to obtain readings from the calibrated and common rectal 
thermometers caused many of the ferrets to resist the physical 
restraint, which might have falsely increased temperature read-
ings. Restraint resistance during rectal thermometer readings 
might be minimized through habituation to rectal thermom-
etry. In addition, the small diameter of the ferret’s anus may 
contribute to discomfort, thereby increasing resistance to rectal 
thermometry. This observation is particularly relevant for the 
calibrated thermometer, which has a larger probe diameter 
than did the common rectal thermometer. Marked physical 

Table 1. Summary statistics for implantable microchip and rectal thermometry

Thermometry method

Temperature (°F) Mean difference between 
methods 95% Agreement limits (°F)Range Average

Microchip 99.5–103.0 101.4 0.069 −1.82 to +1.96
Calibrated rectal 99.4–103.2 101.4 Not applicable

Microchip 99.2–103.2 101.4 −0.675 −2.19 to +0.84
Common rectal 99.0–102.6 100.7 Not applicable

Figure 1. Bland–Altman plot illustrating the difference between cali-
brated rectal and microchip transponder thermometry. The difference 
in temperature methods is plotted relative to the pairwise mean. The 
horizontal reference line at 0 represents no difference between the 
methods. The dotted lines represent the limits of agreement (mean 
± 1.96 SD). Negative values represent rectal temperatures that were 
lower than the corresponding microchip temperatures.

Figure 2. Bland–Altman plot illustrating the difference between com-
mon rectal and microchip transponder thermometry. The difference 
in temperature methods is plotted relative to the pairwise mean. The 
horizontal reference line at 0 represents no difference between the 
methods. The dotted lines represent the limits of agreement (mean 
± 1.96 SD). Negative values represent rectal temperatures that were 
lower than the corresponding microchip temperatures.
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data. The microchip’s functionality under hyperthermic (for 
example, febrile disease) and hypothermic (for example, pro-
longed anesthesia) states and after MRI should be evaluated in 
subsequent experiments.
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