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Suitability.of Temperature-Sensitive
Transponders to Measure Body
Temperature During Animal Experiments
Required for Regulatory Tests
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Summary
Body temperature is a clinical parameter in vaccine quality
control to detect systemic side-effects or to monitor progression
of infectious diseases. Moreover, changes in body temperature
are used as clinical parameters to define humane endpoints in
animal experiments. However, measuring body temperature via
the rectal route can be troublesome and distressing to the
animal. Non-invasive measurement methods were developed in
recent years. The aim of this investigation was to study and to
compare rectally measured body temperature with data
obtained with implanted temperature-sensitive transponders
(TST) in mice, guinea pigs, rabbits and pigs under the controlled conditions of regulatory testing.

Zusammenfassung: Untersuchungen zur Eignung temperatursensitiver Transpondern zur Messung der Körpertemperatur
bei Tierexperimenten im Rahmen gesetzlich vorgeschriebener
Prüfungen
Die Körpertemperatur ist einer der wichtigsten klinischen
Parameter in der Qualitätskontrolle von Impfstoffen, um
systemische Nebenwirkungen zu erfassen bzw. den Verlauf von
Infektionskrankheiten zu verfolgen. Generell werden Änderungen der Körpertemperatur benutzt, um klinische Endpunkte
von Tierexperimenten zu definieren. Da die rektale Messung
problematisch sein kann, wurden in den letzten Jahren verschiedene, nicht invasive Meßmethoden getestet. In dieser
Studie wurden die Messwerte von implantierbaren, temperatursensitiven Transpondern (TST) in Mäusen, Meerschweinchen,
Kaninchen und Schweinen mit rektal gemessenen Werten unter
den kontrollierten Bedingungen von regulatorischen Tests verglichen.
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Introduction

In the last years different systems to label
animals permanently and to allow their
electronic identification were introduced.
Microchips are now used routinely to
label pets and laboratory animals.
Furthermore, battery-free rnicrochips
which can also record the animal's temperature are now used in basic medical
research, but also in toxicological
studies or in quality control of immunobiologieals (Alcarni and Smith, 1996;
Hendriksen and Morton, 1999; de lang et
al., 1999; Vlach et al., 2000).
Whereas most investigations were
performed in rodents, a few studies also
evaluated the system in large animals
such as sheep, goats, pigs or horses
(Dunney et al., 1997; Goodwin, 1998).

During development, production and
quality control of immunobiological
medicines such as vaccines, animal tests
are required to ensure safety, potency and
efficacy of the products. Especially small
rodents are often used for vaccine potency
tests. For licensing purposes and safety
testing in veterinary medicine, studies
have to be performed in the target animal
species. Changes in body temperature
like fever or hypothermia are important
parameters to detect systemic sideeffects, e.g. due to pyrogenic contarnination (Stiles et al., 1999; Wong et al.,
1997) or to monitor testing of vaccines
(Hendriksen and Morton, 1999). Temperature measurement is also used to
document disease progression and is now
deemed a key parameter to define more
humane endpoints, e.g. in animal experi-
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ments with infectious agents or vaccination-challenge tests (Hendriksen and
Steen, 2000; Hendriksen and Morton,
1999; Kort et al., 1999; Love et al., 1996;
Olfert and Godson, 2000; Soothill et al.,
1992).
However, measuring body temperature
via the rectal route is time consurning
and troublesome for the animal care
takers. Furthermore the procedure is
often distressing to the animals. This is
especially true for small rodents and for
animals that are particularly prone to
stress from handling like rabbits or pigs.
The procedure can lead to unspecific
rises in temperature, thereby interfering
with the quality of the data. Minirnising
handling and restraint of test animals
would benefit the animals and could
generate more reliable data. It can also
contribute to human safety for staff performing the experiments, e.g. reducing
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the contact of humans with the infected
animals in challenge experiments.
For regulatory tests, such as vaccine
quality control, body temperature based
on rectal measurement is a useful indicator of systemic reactions. Therefore, a
definite limit for an increase in body temperature is specified in several monographs of the European Pharmacopoeia
(Ph. Eur.), e.g. for the rabbit pyrogen test
or several endotoxin-containing vaccines
such as E. eoli vaccines. In consequence,
any alternative method has to provide
comparable data and must be validated.
The aim of the study was to compare
rectal body temperature of several animal
species with temperatures measured subcutaneously using implanted TST under
the controlled conditions of regulatory
tests.

2

Animals, materials and
methods

All animals were kept on a twe1ve hour
day-night cycle under daily monitoring
by a veterinarian, the environmental
temperature was set to 21°C to 22°C at
a humidity of 60 to 70%. The animals
were given a week to adjust to conditions
before the experiment and another
week to recover from the transponder
application.
The reported data were collected
during required tests and experiments
with the necessary number of animals.
2.1 Animals
• Twelve pigs (Deutsche Landsrasse x
Pietrain) from a local provider (25-30
kg body weight, 3-4 month old) were
kept in two groups of six. The groups
were separated in two stables with interspersed straw and given food pellets
and vegetables twice a day with water
ad libitum.
• Twelve female BALB/c-mice (14 to 18
g body weight, 4-5 weeks old) from
Charles River, D-Sulzfeld were kept
on food pellets and water ad libitum in
Makroion Type III cages, in two
groups of six.
• Ten female Dunkin Hartley guinea
pigs from Charles River, D-Sulzfe1d
(8 to 9 weeks old, 250-300 g body
weight) were kept with five animals
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per stainless-steel-guinea-pig-cage and
given dry food, hay, fruit, and water
ad libitum. The cages were enriched
with a wooden house and were cleaned
once a week.
• Ten female New Zealand White rabbits
(2.5-3 kg body weight, 4 month old)
from Harlan Winkelmann were kept in
floor husbandry with pellets, hay, fruit,
and water ad libitum.
Mice, guinea pigs and rabbits were of
SPF status, whereas the pigs had been
raised under conventional conditions.
2.2 Animal experiments
Routine vaccine quality control tests
performed according to the Ph. Eur.
requirements were used. The responsible
supervising authority was notified about
the variation of implanting the transponders.
The first experiments performed in
all four species had no general effect on
the body temperature. In an additional
experiment, only performed in rabbits,
an endotoxin-containing vaccine which
induced a fever response was applied
subcutaneously to rabbits in a single and
in a double dose.
Pigs received the transponders subcutaneously 2 cm distal from the base of the
left ear. Temperature measurement was
performed when the animals were fed.
TSTs were applied subcutaneous
dorsally between the shoulder blades in

guinea pigs, rabbits and in mice. Mice
were anaesthetised for the application
procedure.
2.3 Temperature measurement
TST from the Bio Medic Data System
(Plexx, EIst, NL) were used:
• the transportable notebook DAS-5002
as reader for electronic data acquisition and as programming device
• a dipstick connected with the notebook
as scanner
• transponders IPTT 100, programmable
to label and identify the animals and to
measure their body temperature
The measurement range given by the
supplier was between 32°C to 43°C with
an exactness of 0.1 "C, The transponders
were encapsulated in glass which was
roughened with acid, and were covered
with a polypropylene coat. TST weighed
120 mg and had the dimensions
2.2 mm x 14 mm (Fig. 1). TST were
delivered in a sterile cannula.
Each transponder was programmed
with a unique alphanumerical code (the
system allows up to 16 characters). TST
were injected with a needle applicator.
The measurement was performed only
when preliminary use of the system confirmed good repeatability also described
by others (Kort et al., 1999).
Commercially
available,
digital
thermometers were used for rectal
temperature measurement. They were

Fig. 1: A temperature-sensitive implantable transponder
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calibrated by comparison with an
officially verificated thermometer using a
water bath with a heater and a temperature control unit.
Thermometry with TST was performed
shortly before rectal measurement.
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Results

Measurement properties and
reliability of TST in vitro
To test the physical accuracy of the
devices, we calibrated TST at 38°C in a
temperature controlled water bath as
described in the manual. TST were then
used to measure the temperature in the
water bath at fixed values over the given
range from 32°C to 43°C.
Figure 2 display the average deviation
of TST measurements from the target
value. These deviations (based on 21
calibrated transponders) range from
-0.25°C to O.I°C, with a slight increase
at lower temperatures and a slight
decrease at higher temperatures.
The observed in vitro properties were
deemed to be in an acceptable range
for regulatory tests, e.g. vaccine quality
control.
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3.2 Reaction of animals
The transponders were implanted into
the animals as described. Thereafter the
animals were given a week to recover.
Effects of the TST on the animals health
were studied by a veterinarian by daily
inspections for clinical signs and changes
in behaviour with emphasis on signs of
pain and distress (Morton and Griffiths,
1985).
During rectal temperature measurement some animals showed defence and
signs of stress. During transponder
measurement, the beeping sound of the
reader made some of the animals react
nervously. Otherwise the animals were
hardly disturbed in their daily routine,
and no other change in their behaviour
was seen.
No infiammation or other local reactions were recorded. The tissue areas
where transponders had been implanted
were examined post-mortem for histological and pathological changes in some
animals. A membrane of connective
tissue covering the capsules was found in
ALTEX 20, 2/03
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Fig. 2: Target value deviation in vitro
Mean deviation frorn the desired value with standard deviation of 21 transponders
varied temperatures.

all cases. Otherwise, no local infiammation or tissue irritation could be detected.
However, caudo-lateral movement of
several centimetres by the transponders
was observed in some animals.
3.3 Use of TST in vivo
One transponder in a guinea pig failed
during the experiments. Correct identification of the animals was always
possible.
The temperature values obtained with
the subcutaneously implanted TST's
were compared with rectally measured
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body temperatures of the same animals.
The temperature values in the physiological range of mice, pigs, guinea pigs and
rabbits were followed for several days
and rectal temperatures versus TSTs
were plotted (Fig. 3). The values are
found in broad clusters around the
bisector with mice and in pigs. In
guinea pigs the data are closer to the
bisector. However one transponder
gives permanently outlying data. Good
agreement was only reached in rabbits,
where most data are found close to
the bisector.
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Fig. 5: Fever reaction in rabbits
Body temperature in an experiment with rabbits (groups of four animals) which received a
single or double dose of an endotoxin-containing
vaccine in comparison with two
untreated control animals. Temperature was measured with TSTs (A) or rectally (B),
respectively. Data from the three groups are plotted against the first eight hours and day 1
and 2 following vaccination.

Examples for a typical time course
with a representative animal from each
species in the study are shown in Figure
4. The time course shown by the individual transponders differ in the experiments with mice, pigs, and guinea pigs.

of such nonsense data happened rarely,
but clearly demonstrates the need to control the data carefully during recording.
No linear correlation between the two
methods can be seen in pigs or guinea
pigs, however the value deviation was
lower for both these species than for
mice.
TSTs in mice, guinea pigs and pigs do
not always read the actual body temperature nor do they accurately refiect an
increase or a decrease of body temperature correctly, The variation from the
target value in vivo was much greater in
these three species than when measured
in vitro.
On the other hand, acceptable agreement between rectal temperature and
TST measurement was found for rabbits
(Fig, 3). The time course in the rabbit
given in the example in Figure 4 refiects
a more realistic picture of the changes in
the animals body temperature. Nevertheless, the curves are not identical and
some minor differences and variation can
be seen.
TST were used in a second experiment
in rabbits to evaluate their performance
under the pathological conditions of an
endotoxin-induced fever reaction. Figure
5 shows temperature curves of rabbits
which were injected with different doses
of an endotoxin-containing veterinary
vaccine. Here, both methods refiect a
very similar shape of both curves, with a
higher standard deviation in the TST
measurements.

While both systems measure nearly the
same temperature at the beginning of the
experiment in the mouse in Figure 4,
they differ around l°e on the other days.
The sharp decrease of TST-temperature
on day 5 is a clear outlier. Measurement

Our experiments in different animal
species show that TST can be used to
identify the animals correctly with a
non-invasive procedure and without handling and restraint of the animals. TST
measure the animals body temperature
remotely which refines animal experiments, especially for animal species such
as rabbits, pigs or mice where conventional temperature measurement via the
rectal route is difficult to perform and
distressing to the animals. The short time
period necessary to measure with TST
and possibility to monitor temperature in
short intervals without interfering too
much is a major advantage. The system
ALTEX 20, 2/03
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is practical and has already been used in
different kinds of experiments. It is of
great help in designing humane endpoints in infection experiments (Kort et
al., 1999; Cussler et al., 1998; Hendriksen and Morton, 1999).
However, for regulatory testing such as
Pharmacopoeia requirements specific
variations in the testing procedure (e.g.
the change in the method of temperature
measurement) have to be validated to
ensure that an unequivocal decision can
be made with the alternative method. In
vaccine quality control several monographs of the Ph. Eur. name strict
temperature limits based on rectal thermometry. Therefore, we investigated the
suitability of TST to be used in animal
experiments according to Ph. Eur. for
vaccine quality control.
First, we tested the exactness of
transponder measurements in vitro at
different fixed temperatures, using a
water bath and calibrated thermometers.
Thereafter, the system was tested in four
animal species (mice, guinea pigs,
rabbits, and pigs) in vivo, at the controlled conditions of animal experiments
during regulatory tests.
Obviously, evaluation of the physical
properties of the transponders in vitro
alone are not sufficient to predict their
usefulness in animals. Examination of
the measurement behaviours of TST
in vivo under the conditions of our
laboratory shows that they can be used
to measure temperature accurately
enough to fulfil the preconditions for a
validation study only in rabbits. The data
show that the TST do not give data of
sufficient reliability in mice and guinea
pigs, nor do they work consistently in
pigs. The values obtained with the two
methods varied and even showed different trends. Therefore, the system could
not be recommended for general use in
experiments with those species in our
laboratory.
This is in contrast to some other
reports. For example, Kort et al. (1999)
found the system to be more accurate in
mice. Dunney et al. (1997) found that for
young pigs the scanner closely followed
the rectal thermometer in accuracy and
therefore was in their opinion acceptable
for use in discovery research trials.
Vermeer and van der Wilt (1999) also
ALTEX 20, 2/03

report a strong relation with rectal
temperature monitoring sows around
parturition.
Normally body temperature of an
animal is estimated by the measurement
of rectal temperature. Thus, TST has
to be validated against this "Golden Standard". However, rectal measurement itself can be distressing to the animal.
It is weil known that stress has an effect
on body temperature. For example, in a
cage of mice the animal measured last
could have a higher temperature (up to
one degree Celsius) provoked by the
manipulations performed in the cage
(Georgiev, 1979). Activity in pigs may
increase the rectal temperature for nearly
1°C (Schulze et al., 1965). Therefore,
care has to be taken to avoid 01' minimise
the stress due to rectal temperature measurement.
Obviously, subcutaneously implanted
TST measure a lower temperature than
the body core temperature. It is possible
that the position of the TST, the thickness
of the animals skin or its fat content can
infiuence the difference in measurement
especially in large animals such as pigs.
Nevertheless, if this difference is constant it should allow validation of the
new test method. But other factors in the
animals behaviour, cuddling together 01'
variations in the environment may result
in deviating results during measurement.
Therefore thermal radiation, e.g. infrared
light has to be avoided.
Many other factors could have an
important infiuence. Most obvious are
the effects of the animal species, body
size and hair cover. Goodwin (1998)
investigated the use of transponders in
horses, sheep and goats but recommends
TST only for goats, because only in this
species temperatures correlated weil with
temperatures derived by rectal thermometry. Strain specific effects or general
housing conditions may also have a
major infiuence and explain differing
results between laboratories.
The application site for the transponders is also of great relevance. Kort et al.
(1997) compared subcutaneous and
intraperitoneal application in mice. Their
results show that temperatures taken by
these two routes do not differ significantly, despite the fact that intraperitoneal,
rather than subcutaneous should better

refiect the core temperature of the animal. Subcutaneously implanted chips
were read more easily by the data scanner, and so subcutaneous implantation
was considered preferable.
In large animals care has to be taken
not to implant the devices either too
shallowly, which would measure the
lower skin temperature rather than the
core temperature or too deeply, resulting
in the scanner having problems reading
the transponders. The recommended
injection sites for transponders in pigs
are at the base of the ear or lateral to the
anus (Lammers et al., 1995). In our
experiments in pigs we implanted the
transponders subcutaneously at the base
of the ear. This site was also used by
Vermeer and van der Wilt (1999), who
used another transponder system. However, this location may have been too
superficial to record the core temperature, especially as there is little blood
perfusion of the connective tissue in this
area. Better agreement between rectal
and transponder measurement was reported by Dunney et al. (1997), who
placed the transponders in the ischiorectal fossa between anus, tail and the
ischium.
Summarising our results, it is strongly
recommended to test the suitability of
TST carefully for each kind of animal
experiment and the test conditions under
which it is performed.
The costs of the system, together with
the expense for the transponders remains
an obstacle for its use in small rodents. In
livestock or pet animals the relative costs
are lower and may find acceptance much
more easily.
There are possibilities to improve the
system further. Indeed a new generation
of transponders (lPTT 200) became
available shortly after completion of this
study. For use in veterinary science a bigger transponder for use in large animals
would be more suitable.

5

Conclusions

• TST can be used to identify animals
reliably and to measure temperature in
the physiological range.
• TST work without handling or restraint of the animals.
69

!~

_H_A_R_T_IN_G_E_R
__E_T_A_L_.

_

"J~
~
• TST values obtained in animals can
vary from rectal temperature and may
even show different trends over time.
• In our hands, reliable data could be
obtained with TST only in rabbits.
• TST could provide useful refinement
in regulatory animal tests. However,
the method needs to be validated and
each transponder should be calibrated
before use.
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