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(54) Non-invasive temperature and physical activity measurement of animals

(57) The present invention relates to a method, par-
ticularly an observational screening method, more par-
ticularly a drug screening method, comprising the steps
of providing an enclosure for at least one animal with
outer sidewalls, preferably 4 outer sidewalls; providing
temperature sensing means for sensing a body temper-
ature of at least one animal and/or activity measurement

means for measuring at least one parameter related to
physical activity of at least one animal; sensing a body
temperature of at least one animal and/or measuring at
least one parameter related to physical activity of at least
one animal; providing data processing means; and
processing data related to body temperature and/or to
the parameter related to physical activity.
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Description

Technical Field

[0001] The present invention generally refers to a
method and a system for sensing a body temperature of
animals and/or for measuring a parameter related to
physical activity of animals, and furthermore to a use of
such a system. The method and the system are prefer-
ably used in observational screening and particularly
preferably in drug screening.

Background of the invention

[0002] In different fields, measuring the body temper-
ature and/or a parameter related to physical activity of
animals may be of interest. As an example, this is the
case in screening methods, particularly in drug screening
methods. Here, researchers may want to measure the
response of one of more animals to a certain substance
or to a certain condition. The response may be manifest-
ed in a change of body temperature and/or physical ac-
tivity.
[0003] As an example, several pathophysiological con-
ditions are typically associated with changes in body tem-
perature. This has been observed in immunologic and
infectious diseases and in association with pharmaco-
logic or toxic effects and is basically a sign of inflamma-
tion. Also in allergies, especially in the severest form of
allergy, i.e. the anaphylactic shock, body temperature is
affected. This setting can be mimicked in mouse anaph-
ylaxis studies where body temperature is usually evalu-
ated by rectal measurements. Further, the physical ac-
tivity of the animals may be altered as diseased animals
are often demobilized by impaired breathing or lowering
of blood pressure which is mostly recorded by hand-held
counting machines by the scientist. Monitoring of rearing
and climbing of animals, e.g. mice, is, moreover, a tool
typical for behavioural sciences, and the phenomena are
similar to events seen in human patients. Evaluation of
the body temperature by rectal measurement and mon-
itoring of physical activity are routinely made in industrial
and academic labs engaged in screening studies and in
proof of concept studies for therapeutic or prophylactic
medications.
[0004] In particular with regard to allergies, the change
in physical activity may be caused as follows. In allergy
IgE immunoglobulins are disease eliciting. They are
bound by IgE receptors on inflammatory effector cells.
Upon consecutive antigen contact, IgE crosslinking oc-
curs and leads to release of mediators causing allergic
inflammation. In case of rapid entrance of potent aller-
gens, the allergens can reach multiple IgE-armed effector
cells making the event accelerate to so-called anaphy-
lactic shock. Thereby, a dramatic centralisation of blood
into the central vital organs occurs due to adrenergic stim-
ulus. As a consequence, in animals a rapid drop of blood
pressure occurs making them dizzy and sometimes ren-

dering collapse. In mice the anaphylactic reaction is ac-
companied by reduction of body activity, meaning that
mice which normally rear 10-20 times per minute cower
down and stop motioning. This parameter is often used
as readout for disease intensity in anaphylaxis or asthma
and counts are done manually.
[0005] Further, the centralization of blood leads to a
cooling down of body temperature by several degrees.
This phenomenon is monitored in animal experiments by
rectal temperature measurements. This is a tedious and
time consuming procedure and, is an additional stress
factor for the animals.
[0006] In these screening methods, trained personnel
use rectal temperature measurement and count how of-
ten the animals rear within a time frame. In particular with
regard to the temperature measurement, the personnel
come into direct contact with the animals, thereby caus-
ing additional stress to the animals which may alter their
body temperature. Further and with particular regard to
drug testing, it may be problematic that the personnel
come into direct contact with animals carrying potentially
hazardous infections. Additionally, with this method, only
few data points in time can be recorded. As a conse-
quence, the current practice is a time-consuming, costly
and inaccurate method, requiring tedious manual meas-
urements, which potentially alters the results and expos-
es the personnel to certain risks.
[0007] It is therefore an object of the present invention
to overcome or at least alleviate the aforementioned
problems.

Summary of the invention

[0008] This object is achieved by the method, the sys-
tem and the use according to the independent claims.
Preferred embodiments of the present invention are dis-
cussed in the dependent claims.
[0009] According to one aspect, the present invention
provides a method, particularly an observational screen-
ing method, more particularly a drug screening method,
comprising the steps: providing an enclosure for at least
one animal with outer sidewalls, preferably 4 outer side-
walls; providing temperature sensing means for sensing
a body temperature of at least one animal and/or activity
measurement means for measuring at least one param-
eter related to physical activity of at least one animal;
sensing a body temperature of at least one animal and/or
measuring at least one parameter related to physical ac-
tivity of at least one animal; providing data processing
means; and processing data related to body temperature
and/or to the parameter related to physical activity. Pref-
erably, the method is computer-aided and/or automized.
[0010] Preferably, the at least one animal is a horse,
cow, sheep, goat, pig, dog, a cat or a small animal, and
particularly preferably a mouse, a hamster, a guinea pig,
a rat, a ferret or a rabbit. It is however to be understood
that the animal could be every blooded animal, including
humans. Even though, it is preferred to perform the
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present invention with warm blooded animals, the inven-
tion is not limited thereto, as other animals, e.g. fishes,
amphibians and reptiles may also encounter conditions
leading to changes in their body temperature.
[0011] It is further preferred that the method also com-
prises the steps of providing means for storing data and
storing data and particularly also providing means for da-
ta output and outputting the data.
[0012] The data output may in a preferred embodiment
comprise a display or other means enabling a user to
visualize the data. It is particularly preferred that the data
output comprises graphs and/or statistics and in a further
preferred embodiment, a graphical user interface (GUI)
is displayed on the display.
[0013] The means for measuring a parameter related
to physical activity preferably comprise a camera, which
is preferably positioned above the enclosure. This gen-
erally means that the camera is positioned such that it
records the movements of the animals in a plane sub-
stantially perpendicular to the direction of gravity. The
camera may be adapted to work in the range of visible
light and/or in the infrared range. It may also be preferred
that at least two cameras are provided, of which at least
one is adapted to work in the visible range and at least
one is adapted to work in the infrared range.
[0014] It is further preferred that the method can be
used for more than one animal simultaneously and au-
tomatically. Accordingly, it may be preferred that the en-
closure is divided into m x n sub enclosures, preferably
by comprising inner sidewalls, wherein m and n are pos-
itive natural numbers and preferably within a range 1 ≤
(m, n) ≤ 5, particularly preferably 1 ≤ (m, n) ≤ 4 , more
preferably 1 ≤ (m,n) ≤ 3 and most preferably 1 ≤ (m,n) ≤
2 and wherein the sub enclosures separate the animals
from one another. Thereby, more than one animal may
be monitored simultaneously, which may further reduce
the costs. The enclosure is preferably realized as a cage,
portable and/or embedded in an outer box and it may be
particularly preferred that at least a portion of the side-
walls is transparent or a wire mesh. Preferably, all side
walls and, also preferred, all walls are transparent. This
may be particularly preferred as the means for sensing
a body temperature and/or the means for measuring a
parameter related to physical activity may comprise op-
tical means. Alternatively or additionally, at least a portion
of the sidewalls comprise a material transparent to heat
radiation. Such a sidewall may be optically dense, i.e.
not transparent for visible light, but be configured to be
transparent for light in the infrared regime.
[0015] The temperature sensing means and/or the ac-
tivity measurement means may preferably comprise a
heat image camera, which is particularly preferably po-
sitioned above the enclosure. By this, the camera is able
to record images in a plane generally perpendicular to
the direction of gravity. In such an arrangement, it is fur-
ther preferred to output the data related to body temper-
ature as a two-dimensional color-coded image.
[0016] It will further be apparent for those skilled in the

art that even though outputting the data corresponding
to images recorded by the camera may be preferred,
outputting data by other means may also be a preferred
option. In both cases, it may be preferred that the images
recorded by the camera(s) are recognized as images by
data processing means and that steps are carried out
making use of these image data. However, in the latter
case it is possible that the image data as such is not,
e.g., visually, output, but only used within the data
processing means.
[0017] In such a color-coded image as described
above, it is particularly preferred that areas of high tem-
peratures correspond to red colors and areas of low tem-
peratures correspond to blue colors. Conveniently, the
system is adapted such that a temperature of around 40
°C corresponds to a high and temperatures of around
25-30 °C correspond to a low temperature. These tem-
peratures generally correspond to high and low body
temperatures of the animals for which the enclosure is
adapted. However, it may also be preferred that the user
may select the temperature ranges. Alternatively, it may
also be preferred that instead of a color-coded image
comprising colors like red and blue, a greyscale image
is used. In such a greyscale image, high temperatures
may correspond to a white representation and low tem-
peratures may correspond to a black representation (or
vice versa).
[0018] It may further be preferred to provide means for
output of a color coded image and a real color image
simultaneously. It may be preferred to both use one
screen on which both images are displayed and also to
use two screens each one displaying one of the color
coded and the real color image.
[0019] It may be preferred, particularly when using a
heat image camera, that the temperature sensing means
and/or the activity sensing means further comprise a heat
electrode used to calibrate the temperature sensing
means and/or the activity sensing means. With this heat
electrode, one or more reference temperatures could be
generated and the output image, preferably the color
range, could be calibrated making use of these reference
temperatures.
[0020] It is also preferred that the method comprises
the steps: capturing heat images, which are preferably
2-dimensional images, by the heat image camera; cal-
culating center-of-heat points for at least one of the at
least one animal for a sequence of heat images; calcu-
lating a distance between the center-of-heat points of
sequential heat images; using the distances between se-
quential center-of-heat points to determine a parameter
related to the physical activity of said animal. By this, the
parameter relating to physical activity corresponds - in
essence - to the distance covered by the animal within a
given time frame. As the distance covered may be a pa-
rameter relating to the physical well-being of one or more
animals, this parameter may be used for testing the re-
action of an animal to a substance or any physical or
emotional condition. Within these steps, it is particularly
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preferred that there is a time difference between two se-
quential images, which is within a range of 0.01s to 5s,
preferably within a range of 0.1s to 1s, particularly pref-
erably within a range of 0.1s to 0.4s, more preferably
within a range of 0.2s to 0.3 s, and most preferably around
0.25s. That is, most preferably, this method is executed
with approximately 4 images per second. This may be
the most preferred compromise between amount of data
stored and information detail about the movement of the
animals. It is also preferred that these steps are not ex-
ecuted for one animal only, but individually for all m 3 n
animals in the m x n sub enclosures.
[0021] In this preferred method, it is particularly pre-
ferred that for the calculations of the center-of-heat points
for each subenclosure only those points or pixels are
used, which correspond to a temperature being greater
(or not smaller) than a threshold temperature. This
threshold temperature may be predefined for each sub-
enclosure. However, it may also be calculated by deter-
mining the maximum temperature for each subenclosure
and each image and calculating the threshold tempera-
ture based on this maximum temperature. For example,
the threshold temperature may be calculated by subtract-
ing a configurable offset temperature from the maximum
temperature or by subtracting a fractional part of the max-
imum temperature. For example, if the maximum tem-
perature in a subenclosure is 30 °C, one may arrive at
the threshold temperature by subtracting an offset tem-
perature of 2 °C or alternatively a fraction of 10% of the
maximum temperature. In the first case, the threshold
temperature would amount to 28 °C and in the latter case
to 27 °C. If, in the same configuration, the maximum tem-
perature was 40 °C (e.g. for a image taken later), in the
first case (subtracting a fixed amount of 2 °C) the thresh-
old temperature would amount to 38 °C and in the latter
case (subtracting 10% of the maximum temperature in
°C) to 36 °C. It is to be understood that the user might
conveniently define the threshold conditions. It is further
to be understood that when making use of the fractional
method, the user is free as to where define his or her
origin of temperature (that is, whether °C, K, °F or any
other temperature system is used). He or she will con-
veniently find useful conditions for the different reference
systems.
[0022] The method may further comprise the steps of
creating an image, preferably a 2-dimensional image,
with center of heat points, connecting them with a poly
line and drawing a graph of the distance travelled against
the elapsed time. The poly line might conveniently com-
prise different line colours according to elapsed time (e.g.
start - blue - green - yellow - red stop). The graph con-
veniently comprises the distance travelled against
elapsed time in such a way that the total distance trav-
elled at a certain time stamp is calculated as the sum of
the total distance travelled at the time stamp before plus
the absolute value of the difference between the positions
corresponding to the respective time stamps. E.g. d(t) =
d(t - 1) + |p(t) - p(t-1)|, wherein t is the time stamp, d the

travelled distance and p are the position vectors (of time
stamps t and t-1).
[0023] According to another preferred embodiment of
the invention, the activity sensing means may also com-
prise at least one photo sensor unit, preferably m + n
photo sensor units, each comprising at least one trans-
mitter and receiver, preferably located outside the outer
sidewalls of the enclosure, wherein said transmitters and
receivers are preferably adapted to function in the infra-
red regime and wherein the step of measuring the pa-
rameter related to physical activity comprises detecting
how often an animal interrupts a light barrier defined by
a transmitter and a receiver within a preset time frame,
wherein the light barrier is preferably substantially orthog-
onal to the direction of gravity and more preferably adapt-
ed in height such that it is only interrupted when the an-
imal rears. It may also be preferred that the photo sensor
units are fixed on each lateral side outside the enclosure,
preferably a transparent cage and/or a cage transparent
to heat radiation.
[0024] In such a configuration, it may be particularly
preferred that only one of each transmitter sends at once
a signal and this signal is detected by all receivers. Cycle
trough all transmitters may occur sufficiently fast enough
(e.g. with a frequency of at least 100Hz) to detect any
movement. If transmitters are used at walls with 90° angle
and receivers at the opposite walls, the position could
also be detected
[0025] According to another embodiment of the
present invention, the step of measuring the physical ac-
tivity may also comprise the steps: capturing heat imag-
es, which are 2-dimensional images, by the heat image
camera; defining a threshold temperature; defining a heat
area in such a way that only parts of the heat image with
a temperature being greater than the threshold temper-
ature constitute part of the heat area; defining for the part
of the heat image corresponding to a sub enclosure a
threshold heat area such that the heat area in the part of
a image being smaller, or greater, respectively, than the
threshold heat area corresponds to a rearing animal and
the heat area in the part of a image being greater, or
smaller, respectively, than the threshold heat area cor-
responds to a non-rearing animal; and determining for
the captured heat image whether the animal is in a rearing
position. In the preferred case in which the heat image
camera is positioned above the enclosure, the two-di-
mensional heat area of a lying animal (or an animal stand-
ing on the ground) is generally larger than the heat area
of a rearing animal. That is, when the heat image camera
is positioned above the enclosure, a rearing animal may
correspond to a heat area below the threshold heat area.
If, on the other hand, the heat image camera is positioned
laterally, a rearing animal generally exposes more of its
area towards the camera such that the heat are of a rear-
ing animal is generally larger than the heat are of a lying
animal (or a standing on the ground). In this case, a heat
area being larger than a predefined threshold area may
correspond to a rearing animal.
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[0026] In this method, it is further preferred that a max-
imum temperature in each sub enclosure and in each
heat image is determined and said threshold temperature
for each subenclosure is determined based on said max-
imum temperature. This may, e.g., be done as described
above. Preferably, the scales are dynamic.
[0027] It may further be preferred to track the eyes of
at least one of the at least one animal; particularly both
eyes looking in a specific direction. This may be possible
as the eyes are so called temperature hot-spots.
[0028] It may also be preferred that at least one camera
positioned above the enclosure comprises a depth sen-
sor adapted to measure the distance of an object from
the camera, and is preferably realized as a depth sensor
camera. This depth camera may then also be used to
measure how often an animal rears within a given time
frame, particularly, when said camera is positioned
above the enclosure.
[0029] In another preferred embodiment of the inven-
tion, the at least one parameter related to physical activity
is the number of how often an animal rears within a preset
time frame and said parameter is measured by said cam-
era and/or wherein at least one parameter related to
physical activity is a parameter related to a distance cov-
ered by an animal within a preset time frame. It may be
particularly preferred to not only measure one parameter
related to physical activity, but more than one parameter,
preferably more than two parameters and most prefera-
bly more than three parameters.
[0030] It will be apparent for those skilled in the art that
individual features of the different embodiments may be
combined with each other to arrive at still further embod-
iments.
[0031] According to another aspect, the present inven-
tion also relates to a system to carry out the steps of the
aforementioned method.
[0032] Furthermore, the present invention also relates
to a system, which is preferably adapted to carry out the
aforementioned method, comprising an enclosure for at
least one animal, preferably a warm blooded animal
and/or small animal and particularly preferably a mouse,
a hamster, a guinea pig, a rat, a ferret or hamster, with
an outer sidewall, preferably 4 outer sidewalls; temper-
ature sensing means for sensing a body temperature of
at least one animal and/or activity measurement means
for measuring a parameter related to physical activity of
at least one animal; and data processing means. With
such a system, the method described above in at least
one of the described embodiments may be carried out.
[0033] It is preferred that the system further comprises
means for storing data, and/or means for data output. In
a preferred embodiment of the present invention, the
means for data output comprise a display.
[0034] According to a further preferred embodiment of
the invention, the means for measuring a parameter re-
lated to physical activity comprise a camera, which is
preferably positioned above the enclosure.
[0035] Preferably, the enclosure is divided into m3n

sub enclosures, preferably by comprising inner side-
walls,, wherein m and n are positive natural numbers and
preferably within a range 1 ≤ (m,n) ≤ 5 , particularly pref-
erably 1 ≤ (m,n) ≤ 4 , more preferably 1 ≤ (m,n) 3 and
most preferably 1 ≤ (m,n) ≤ 2 and wherein the sub en-
closures separate the animals from one another. There-
by, one may monitor more than one animal simultane-
ously, further improving effectiveness and rendering
cost-reduction. It is further preferred that the enclosure
is realized as a cage, portable and/or embedded in an
outer box.
[0036] According to a still further preferred embodi-
ment, the temperature sensing means and/or the activity
sensing means further comprise a heat electrode used
to calibrate the temperature sensing means and/or the
activity sensing means.
[0037] It may also be preferred that the temperature
sensing means and/or the activity measurement means
comprise a heat image camera, which is preferably po-
sitioned above the enclosure.
[0038] In another preferred embodiment, the activity
sensing means comprise at least one photo sensor unit,
preferably m + n photo sensor units, each comprising at
least one transmitter and receiver, fixed outside the outer
sidewalls of the enclosure, wherein said transmitters and
receivers are preferably adapted to function in the infra-
red and adapted to measure the parameter related to
physical activity by detecting how often an animal inter-
rupts a light barrier defined by a transmitter and a receiver
within a time frame, wherein the light barrier is preferably
orthogonal to the direction of gravity and more preferably
adapted in height such that it is only interrupted when
the animal rears.
[0039] According to another preferred embodiment,
the camera positioned above the enclosure comprises a
depth sensor adapted to measure the distance of an ob-
ject from the camera. Further preferably, the camera is
realized as a depth sensor camera.
[0040] It will be apparent for those skilled in the art that
individual features of the different embodiments may be
combined with each other to arrive at still further embod-
iments.
[0041] Finally, the invention also relates to a use of the
above described system in a screening method, in par-
ticular in a drug screening method. The invention is also
related to a use of the system in behavioural studies,
neurobiological studies and/or cognitive biology studies.
[0042] With regard to drug screening methods, it is par-
ticularly preferred that the methods are in vivo drug
screening methods. It is further preferred that the system
is used in drug screening methods for review of interven-
tions, in particular for drugs useful in indications selected
from the group comprising: immunological diseases, in-
fections (particularly bacterial, viral and protozoa), tem-
perature-impairments, poisoning (particularly food-poi-
soning), rheumatic disorder, rheumatoid arthritis, cancer
and tumor diseases. The immunological diseases further
comprise more particularly allergies and shocks (e.g. an-
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aphylactic shock), and further particularly hay fever.
[0043] As a general note, it should be appreciated that
the present invention also covers the exact terms, fea-
tures, values and ranges etc. in case these terms, fea-
tures, values and ranges etc. are used in conjunction with
terms such as about, around, generally, substantially,
essentially, at least etc. (i.e., "about 3" shall also cover
exactly 3 or "substantially perpendicular" shall also cover
"exactly perpendicular").
[0044] In summary, the invention relates to the follow-
ing aspects.

1. Method, particularly an observational screening
method, more particularly a drug screening method,
comprising the steps

d providing an enclosure for at least one animal
with outer sidewalls, preferably 4 outer side-
walls;
d providing temperature sensing means for
sensing a body temperature of at least one an-
imal and/or activity measurement means for
measuring at least one parameter related to
physical activity of at least one animal;
d sensing a body temperature of at least one
animal and/or measuring at least one parameter
related to physical activity of at least one animal;
d providing data processing means; and
d processing data related to body temperature
and/or to the parameter related to physical ac-
tivity.

2. Method according to claim 1, wherein the at least
one animal is a warm blooded animal like a horse,
cow, sheep, goat, pig, dog, a cat and/or a small an-
imal, preferably a mouse, a hamster, a guinea pig,
a rat, a ferret or a rabbit.

3. Method according to claim 1 or 2 and further com-
prising the steps; providing means for storing data
and storing data.

4. Method according to any of the preceding claims
and further comprising the steps; providing means
for data output and outputting the data.

5. Method according to claim 4, wherein the means
for data output comprise a display.

6. Method according to claims 4 or 5, wherein the
data output comprises graphs and/or statistics.

7. Method according to claims 3-6, wherein the
means for data output comprise a graphical user in-
terface displayed on the display.

8. Method according to any of the preceding claims,
wherein the means for measuring a parameter relat-

ed to physical activity comprise a camera, which is
preferably positioned above the enclosure.

9. Method according to any of the preceding claims,
wherein the enclosure is divided into m3n sub en-
closures, preferably by comprising inner sidewalls, ,
wherein m and n are positive natural numbers and
preferably within a range 1 ≤ (m,n) ≤ 5 , particularly
preferably 1 ≤ (m, n) ≤ 4 , more preferably 1 ≤ (m, n)
≤ 3 and most preferably 1 ≤ (m,n) ≤ 2 and wherein
the sub enclosures separate the animals from one
another.

10. Method according to any of the preceding claims,
wherein the enclosure is realized as a cage, portable
and/or embedded in an outer box.

11. Method according to any one of the preceding
claims, wherein at least a portion of the sidewalls is
transparent or a wire mesh or fence and/or wherein
at least a portion of the sidewalls is transparent to
heat radiation.

12. Method according to any of the preceding claims,
wherein the temperature sensing means and/or the
activity measurement means comprise a heat image
camera, which is preferably positioned above the en-
closure.

13. Method according to claim 12, wherein the data
related to body temperature and/or physical activity
comprises two-dimensional image data generated
by at least one of the cameras.

14. Method according to claim 12 or 13, wherein the
data related to body temperature are output as a two-
dimensional color-coded image.

15. Method according to any one of claims 12 to 14,
wherein the temperature sensing means and/or the
activity sensing means further comprise a heat elec-
trode used to calibrate the temperature sensing
means and/or the activity sensing means.

16. Method according to any of claims 12-15 and
further comprising the steps

d capturing heat images, which are preferably
2-dimensional images, by the heat image cam-
era;
d calculating center-of-heat points for at least
one of the at least one animal for a sequence of
heat images;
d calculating a distance between the center-of-
heat points of sequential heat images;
d using the distances between sequential cent-
er-of-heat points to determine a parameter re-
lated to the physical activity of said animal.
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17. Method according to claim 16, wherein for the
calculation of the center-of-heat points or pixels,
preferably only those points or pixels, are used,
which correspond to a temperature being greater
than or nor smaller than a threshold temperature.

18. Method according to claim 17, wherein this
threshold temperature is predefined for each suben-
closure.

19. Method according to claim 17, wherein for each
image and for each subenclosure, the maximum
temperature is determined and the threshold tem-
perature for each subenclosure and each image is
calculated based on this maximum temperature.

20. Method according to any one of claims 16-19
and further comprising the steps of creating an im-
age, preferably a 2 dimensional image, with center
of heat points, connecting them with a poly line and
drawing a graph of the distance traveled against
elapsed time.

21. Method according to any one of claims 16 to 20,
wherein there is a time difference between two se-
quential images, which is within a range of 0.01s to
5s, preferably within a range of 0.1s to 1s, particularly
preferably within a range of 0.1s to 0.4s, more pref-
erably within a range of 0.2s to 0.3 s, and most pref-
erably around 0.25s

22. Method according to any of the preceding claims,
preferably according to claim 8, wherein the activity
sensing means comprise at least one photo sensor
unit, preferably m + n photo sensor units, each com-
prising at least one transmitter and receivers, pref-
erably located outside the outer sidewalls of the en-
closure, wherein said transmitters and receivers are
preferably adapted to function in the infrared regime
and wherein the step of measuring the parameter
related to physical activity comprises detecting how
often an animal interrupts a light barrier defined by
a transmitter and a receiver within a preset time
frame, wherein the light barrier is preferably orthog-
onal to the direction of gravity and more preferably
adapted in height such that it is only interrupted when
the animal rears.

23. Method according to claim 12-22 and wherein
the step of measuring the physical activity comprises
the steps

d capturing heat images, which are 2-dimen-
sional images, by the heat image camera;
d defining a threshold temperature;
d defining a heat area in such a way that only
parts of the heat image with a temperature being
greater than the threshold temperature consti-

tute part of the heat area;
d defining for the part of the heat image corre-
sponding to a sub enclosure a threshold heat
area such that the heat area in the part of a image
being smaller, or greater, respectively, than the
threshold heat area corresponds to a rearing an-
imal and the heat area in the part of a image
being greater, or smaller, respectively, than the
threshold heat area corresponds to a non-rear-
ing animal;
d determining for the captured heat image
whether the animal is in a rearing position.

24. Method according to claim 23, wherein the max-
imum temperature in each sub enclosure and in each
heat image is determined and said threshold tem-
perature for each subenclosure is determined based
on said maximum temperature.

25. Method according to claim 8-24, wherein at least
one camera positioned above the enclosure com-
prises a depth sensor adapted to measure the dis-
tance of an object from the camera, and is preferably
realized as a depth sensor camera.

26. Method according to any one of the preceding
claims, wherein at least one parameter related to
physical activity is the number of how often an animal
rears within a preset time frame and said parameter
is measured by said camera and/or wherein at least
one parameter related to physical activity is a pa-
rameter related to a distance covered by an animal
within a preset time frame.

27. System to carry out the steps of the method of
any of the claims 1-26.

28. System, which is preferably adapted to carry out
the method of any of the claims 1-26, comprising

d an enclosure for at least one animal, prefer-
ably a small animal and particularly preferably
a mouse, a hamster, a guinea pig, a rat, a ferret
or hamster, with an outer sidewall, preferably 4
outer sidewalls;
d temperature sensing means for sensing a
body temperature of at least one animal and/or
activity measurement means for measuring a
parameter related to physical activity of at least
one animal;
d data processing means.

29. System according to claim 28 and further com-
prising means for storing data.

30. System according to claim 28 or 29 and further
comprising means for data output.
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31. System according to claim 30, wherein the
means for data output comprise a display.

32. System according to any of claims 28 to 31,
wherein the means for measuring a parameter relat-
ed to physical activity comprise a camera, which is
preferably positioned above the enclosure.

33. System according to any of claims 28 to 32
wherein the enclosure is divided into m3n sub en-
closures, preferably by comprising inner sidewalls, ,
wherein m and n are positive natural numbers and
preferably within a range 1 ≤ (m, n) ≤ 5, particularly
preferably 1 ≤ (m, n) ≤ 4 , more preferably 1 ≤ (m,n)
≤ 3 and most preferably 1 ≤ (m, n) ≤ 2 and wherein
the sub enclosures separate the animals from one
another.

34. System according to any of claims 28 to 33,
wherein the enclosure is realized as a cage, portable
and/or embedded in an outer box.

35. System according to any of claims 28 to 34,
wherein the temperature sensing means and/or the
activity sensing means further comprise a heat elec-
trode used to calibrate the temperature sensing
means and/or the activity sensing means.

36. System according to any of claims 28 to 35,
wherein the temperature sensing means and/or the
activity measurement means comprise a heat image
camera, which is preferably positioned above the en-
closure.

37. System according to any of claims 28 to 36, pref-
erably according to claim 33, wherein the activity
sensing means comprise at least one photo sensor
unit, preferably m + n photo sensor units, each com-
prising at least one transmitter and receiver, fixed
outside the outer sidewalls of the enclosure, wherein
said transmitters and receivers are preferably adapt-
ed to function in the infrared and adapted to measure
the parameter related to physical activity by detect-
ing how often an animal interrupts a light barrier de-
fined by a transmitter and a receiver within a time
frame, wherein the light barrier is preferably orthog-
onal to the direction of gravity and more preferably
adapted in height such that it is only interrupted when
the animal rears.

38. System according to any of claims 32-37, where-
in the camera positioned above the enclosure com-
prises a depth sensor adapted to measure the dis-
tance of an object from the camera.

39. Use of the system according to the claims 27-38
in a screening method, in particular in a drug screen-
ing method.

[0045] The present invention therefore provides a non-
invasive method for the simultaneous recording of tem-
perature and physical activity of small laboratory animals.
As many laboratories within different fields of science are
interested in mouse studies and as the temperature is
an important indicator on local or systemic inflammation,
the invention may be applicable in many scientific prob-
lems.
[0046] Moreover, the invention may be regarded as a
replacement of invasive and stressing methods and is
therefore suitable to ethically improve animal experi-
ments. Last not least, the invention is easy to use by
trained scientists as it is equipped with a user friendly
windows surface.
[0047] The present invention therefore provides a
method, a system and a use of this system which replac-
es tedious manual measurements, which allows simul-
taneous, combined and/or automated monitoring of ther-
mal and physical activities in real time. Further, it enables
the researchers to carry out short- and long-term obser-
vation experiments of thermal and physical events. Fur-
thermore, the current invention is applicable for proof-of-
concept studies with small lab animals.
[0048] The present invention is described by way of
example in more detail below referring to the following
Figures, in which

Fig. 1 depicts a preferred embodiment of the sys-
tem which may preferably be used within a
screening method,

Fig. 2 is an enlarged view of a section of Fig. 1
showing i.a. an enclosure in accordance
with an embodiment of the invention,

Fig. 3 is an enlarged view of another section of
Fig. 2 showing a display in accordance with
an embodiment of the invention,

Fig. 4 shows a data output generated by an em-
bodiment of the inventive system/method,

Fig. 5 shows another data output generated ac-
cording to yet another embodiment of the
invention, and

Figs. 6&7 are data representations showing how al-
lergic reactions may alter the body number
of rearings or the body temperatures of an-
imals.

[0049] In prior art methods, it has been found that the
number how often an animal rear may be a useful pa-
rameter in observational screening methods. For exam-
ple, a result is shown from an experiment where rearing
of mice were evaluated during an asthma attack in Fig.
6. Mice were sensitized by intraperitoneal injections fol-
lowed by aerosol challenges with Phl p 5, a grass pollen
allergen. When mice were re-challenged with Phl p 5 or
ovalbumin as an irrelevant allergen, physical activity was
reduced significantly due to impaired breathing. The
number of rearing was evaluated by manual counting. In
this experiment, the specific allergen Phl p 5 elicited a
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reduction in physical activity, but also the irrelevant al-
lergen ovalbumin, which was interpreted as an effect of
dyspnea due to unspecific bronchial hyperreactivity. In
any case, it has been found that the number of rearing
is related to the physical condition of the mice.
[0050] Further, also the change in body temperature
may be a useful parameter as shown in Fig. 7 showing
typical results obtained during an anaphylaxis experi-
ment in BALB/c mice, a strain genetically predisposed
for allergic hypersensitivity. Mice were sensitized to ca-
sein, a milk allergen, by intraperitoneal injection. As an-
tigen control, phosphate buffered saline (PBS) only was
injected in another group of mice. These groups of mice
(PBS) exhibited a body temperature of approx. 38 °C
irrespective of whether they were challenged with casein
(see B) in Fig. 7) or not (see A) in Fig. 7). The group of
mice which were sensitized with casein but unchallenged
exhibited a mean temperature between 37 °C and 38 °C
(Fig. 7 C)). When mice were challenged intravenously
with casein, a significant drop of body temperature from
around 38 °C to around 33 °C was observed in for 8 out
of 8 mice in the casein-sensitized group only (see Fig. 7
D)). The temperature of single time points was evaluated
by rectal measurements using a hand-held thermometer.
[0051] However, in the prior art methods and systems,
a person had to either count the number of rearings or
to measure the temperature with a handheld thermom-
eter. These are labor-intensive procedures and methods.
Further and with particular regard to the thermometer
method, it requires a person to get into direct physical
contact with the animals which bears potential risks for
the user and may alter the measurement results e.g. due
to stress induced to the animals. Further, with the current
temperature measurement, only a very limited number
of measurements is carried out, thereby making a de-
tailed analysis of the development over time impossible.
[0052] According to a first embodiment, the invention
relates to a system 2 as depicted in Figs. 1 to 3. This
system, which is preferably used in anaphylaxis experi-
ments, generally comprises an enclosure 4 for at least
one animals, which is - in the example shown herein - a
transparent cage 4 adapted to house four mice. The cage
comprises four outer sidewalls 6 and two inner sidewalls
8, as well as a bottom portion. The sidewalls thereby
define 4 sub enclosures each adapted to receive one
mouse.
[0053] Instead of being adapted for mice, the enclosure
4 could also be adapted for other animals, preferably
small animals and more preferably for hamsters, guinea
pigs, rats, ferrets or rabbits. Then, the enclosure 4, the
outer sidewalls 6 and the inner sidewalls 8 would have
to be adapted accordingly in, e.g., size. It may also be
preferred to provide a top wall (not shown) adapted to be
put on top of the sidewalls such that the enclosure is also
enclosed at the top. This top wall may also be transpar-
ent.
[0054] The cage 4, preferably a surveillance cage, may
also be portable and embedded in an outer box 10, which

may also comprise four outer sidewalls. In the embodi-
ment shown in Fig. 1, one of these outer sidewalls, that
is sidewall 12, of box 10 is adapted to be opened or re-
moved for convenient inspection of the cage by a user.
Within the outer box and on a lateral side of the enclosure,
there may be provided photo sensors comprising trans-
mitters 15 and receivers (not shown).
[0055] Above the cage in adjustable height a heat cam-
era or heat image camera 18a (false color infrared cam-
era or infrared camera) is fixed with a reference heat
electrode placed in the field of view for precise calibration
reasons (reference temperature module). This heat im-
age camera may be used as sensing means for sensing
the body temperature of the mice and/or as activity meas-
urement means for measuring a parameter related to
physical activity. There is also a true color camera 18b
mounted which records live real image pictures during
the experiment. The data are recorded and processed
and translated by software. There is also provided data
processing means, in this embodiment embedded in per-
sonal computer 24, for processing data. The software
comprises a data processing part and a graphical user
interface 20, which is commonly displayed on a display
22. This system is easy to use for average customers
within a windows surface and operating system.
[0056] The transparent cage 4, which is preferably
made of plastic material, is adapted in size to allow si-
multaneous observation and monitoring of four mice at
a time or one larger lab animal (e.g. rat). This material
may be transparent to visible light and/or to heat radia-
tion. Data are generated by the heat image camera 18a.
This data is then transferred to data processing means,
which is a personal computer 24. Personal computer 24
is further connected to display or screen 22. It should
also be noted that instead of providing a single screen
22, the means for data output may also comprise more
than one screen, that is preferably two screens. Instead
of screens, projecting means for (e.g. a beamer) could
also be provided. Moreover, it may also be preferred to
not use screens but to output the data in the form of elec-
tronic files or printouts.
[0057] Two pictures are recorded and may be visual-
ized on screens: The software translates the grey image
recordings from the infrared camera 18a in real-time into
a false colour screen output 26 (see Fig. 3). In parallel,
a true colour image 28 of the true colour camera may be
displayed. Displaying these two images in parallel may
be advantageously allowing the user to compare the false
colour image 26 with the real colour image 28 on screen
22. By this, erroneous or malfunction of the system may
be easily detected. Further, the parallel recording made
by the true colour camera 18b offers a real view of an
experiment and may also be used to identify unusual
animal behaviour also in conjunction with the main pur-
pose of the experiment made.
[0058] For this the software, which is usually installed
on the data processing means 24, identifies the grey
scales in the video input from the connected infrared cam-
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era 18a and colours the areas, which generally corre-
spond to a number of pixels, in accordance to the grey
scale and temperature given by the reference tempera-
ture module. It may be convenient that high temperatures
are coloured in red colours and low temperatures are
coloured in blue colours. Using a grey scale may also be
preferred. By means of the reference temperature mod-
ule the software translates grey scales into temperature
values in the range of 30 °C up to 40 °C, which is the
range of mice’s body temperatures. It may, however, also
be preferred to select another range of body tempera-
tures to be displayed, which may generally depend on
the animal and also on the exact physical conditions to
be tested. For this reason, the user may set the exact
temperature ranges accordingly.
[0059] It may also be preferred that the data output
means comprises soft- and hardware adapted for pullout
of data in graphs, data points and/or statistics. These
may be displayed on one of the aforementioned screens
or displays 22 and/or may be output alternatively, e.g. as
printouts of printers (not shown).
[0060] In another embodiment of the invention, photo
sensors may be used. The photo sensors generally com-
prise transmitters 15 and receivers and are preferably
adapted to work in the infrared regime. They are more
preferably positioned on the lateral side of the enclosure,
such that they constitute a virtual barrier or border which
is generally perpendicular to the direction of gravity. It
may further be preferred that the photo sensors can be
adapted in height. Such an arrangement can be used as
follows. Mice typically rear more than 10 times per minute
within a cage. Crossing of mice over the virtual border is
monitored by the photo sensors fixed on each lateral side
outside the transparent cage 4 building a light barrier.
Intermitting the sensors is registered as an event and
recorded with time stamp in a data log in the data process-
ing means 24 and/or in means for storing data. These
events may be displayed as an overlay to the recorded
video in a particularly preferred embodiment.
[0061] It may also be preferred that a light barrier ex-
isting of 8 infrared senders and 8 infrared receivers meas-
ures with time multiplex 1 sender to 8 receivers a mouse
rearing and with this interrupting the light barrier. The
software then stores the event including time stamp to
the data log. Preferably, the light-barrier is built with x
infrared senders and y infrared receivers, preferred the
same amount of senders and receivers (x=y). Via time
multiplex of about 30 times each second a sender sends
out a signal which is received by all receivers - thus a
matrix of x senders to y receivers is built up. Each state
change of each receiver generates and submits an event
with a timestamp. To prevent excessive state changes,
each state change is delayed for about 16ms.
[0062] It may further be preferred to provide different
photo sensor units on different lateral sides of the enclo-
sure 4 having four sub enclosures. For the following de-
scription, these sub enclosures will be denoted 4a, 4b,
5a and 5b, as shown in Fig. 3 (not indicated in Figs. 1

and 2). When viewed from the top, sub enclosure 4a cor-
responds to the sub enclosure on the top left portion of
the image, 4b to the sub enclosure in the top right portion
of the image, 5a to the bottom left and 5b to the bottom
right portion of the image. Having this in mind, one could
identify lines 4 and 5 and columns a and b. In each line
and in each column, there may be a photo sensor unit
comprising photo sensors which further comprise trans-
mitters and receivers. That is, the system 2 comprises
four photo sensor units. If the animal (that is in this em-
bodiment: the mouse) in sub enclosure 4a rears, it will
interrupt the light barriers of line 4 and column a. In this
example, an interruption of light barriers 4 and a will be
stored in the data log at the same time. By this, the data
processing means 24 may then relate these two events
to the mouse in sub enclosure 4a. The same also applies
mutatis mutandis to the other sub enclosures. This meth-
od may also be applied to larger enclosures, generally
comprising m x n sub enclosures.
[0063] Preferably, a photo sensor unit comprises a plu-
rality of transmitters or senders 15 and receivers, more
preferably 2-20, particularly preferably 5-10 and most
preferably 8. These senders 15 and receivers may be
preferably adapted to work in the infrared regime.
[0064] However, in another preferred embodiment of
the invention, the parameter related to physical activity
also being the number how often an animal rears within
a preset time frame is measured differently (though,
these two methods may also be combined for a more
robust method). The data processing means 24 compris-
ing software which calculates the average shape of the
mice. With this computed size of shape a raring mouse
can be recognized by the software and therewith the rear-
ing may be machine-aided counted besides other results
in the experiment. Particularly preferably, this algorithm
also includes circle detection. Also with this method,
monitoring more than one animal, e.g. four animals si-
multaneously is achieved.
[0065] The present invention is further explained in the
following examples. These examples are provided for
illustrative purposes only and are by no means to be tak-
en as limiting the scope of the invention for which pro-
tection is sought.

Example 1

[0066] Mice were hypersensitized by 2 - 10 ug antigen
(Casein, a relevant milk allergen) per gavage by intra-
peritoneal injections, three times in two-weeks intervals.
7 - 10 days after the last immunization, an allergen chal-
lenge was performed by intravenous allergen gavage.
The temperatures of individual mice during an anaphy-
laxis experiment were recorded. Two groups of hyper-
sensitive mice were challenged with casein, leading to
anaphylaxis (group B), or a non-relevant control sub-
stance (group A). The temperatures of the mice over time
were recorded making use of the inventive system 2 and
the inventive method. In particular, the temperature was
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measured making use of the reference heat electrode
and the heat image camera 18a. The reference heat elec-
trode was used to calibrate the system 2. The tempera-
ture in the center-of-heat points was recorded for each
mouse at each time step (4 measurements per second).
These temperatures were recorded over time. Recording
of these temperatures in °C (see ordinate in Fig. 4) over
time (x-axis in Fig. 4) led to the graphs as depicted in Fig.
4, which was also displayed on display 22 of Fig. 3. In
Fig. 4, the x-axis indicates single measurement points
(n=4 measurements per second) - in other words, 1000
measurement points correspond to 250 seconds. The
individuals of group A (that is, mice A1, A6, A8) were the
control mice subject to the non-relevant control sub-
stance. The individuals of group B were the mice chal-
lenged with the specific allergen casein. The challenge
in group B led to a drop of body temperature in 3/6 indi-
viduals. In none of the control mice any change was ob-
served.
[0067] The results in the Fig. 4 illustrate that a precise
determination of temperature can be done with the pre-
sented setup. Whereas control group A shows values
above 33 °C, anaphylaxis group B showed a continuous
decrease of body temperature from 32-34 to levels below
30°C. The curves of group B showed less variability,
which is due to a decrease of motion rendering more
precise measurements of body core temperature.
[0068] Those of skill in the art will readily understand
that the present invention is not limited to the "measure-
ment frequency", which in the present example is 4 per
second. In practice, any such frequency may be em-
ployed, up to, e.g. 1000 measurements per second. This
may increase the accuracy of the described method.
[0069] In summary, the novel measurement method
allows continuous measurement with 4 determinations
each second. In contrast, the commonly applied hand-
held thermometer method allows one determination be-
fore and a few (usually one) after challenge which strong-
ly depends on the speed and strength of reaction. The
continuous and simultaneous measurement, i.a., allows
rapid data acquisition and convenient data storage.

Example 2

[0070] Two groups of mice being allergic to casein, a
milk allergen (for an example of how to hypersensitize
animals, refer to Example 1), were challenged with ca-
sein leading to anaphylaxis (group B), or with a non-rel-
evant control substance (group A). In the following min-
utes, the running distances of mice were recorded indi-
vidually, leading to a visualization of the individual tracks
as displayed in Fig. 5, wherein A corresponds to a dis-
tance or track covered by a control animal (mouse) and
B corresponds to a distance or track covered by a ana-
phylactic animal (mouse). The motion algorithm of the
software creates a mask (heat area) from the subject
built out of points of grey scales corresponding to a pre-
defined temperature (threshold temperature) and up.

[0071] This mask is used by the software to calculate
the centre of the shape (center-of-heat points) built by
the process described before, which is then recorded in
the data log with precise position for further processing.
The same process is executed by the software with every
new frame delivered by the infrared cam (at this time of
setup 4 frames/s which means records of 4 posi-
tions/sec).

Claims

1. Method, particularly an observational screening
method, more particularly a drug screening method,
comprising the steps

d providing an enclosure for at least one animal
with outer sidewalls, preferably 4 outer side-
walls;
d providing temperature sensing means for
sensing a body temperature of at least one an-
imal and/or activity measurement means for
measuring at least one parameter related to
physical activity of at least one animal;
d sensing a body temperature of at least one
animal and/or measuring at least one parameter
related to physical activity of at least one animal;
d providing data processing means; and
d processing data related to body temperature
and/or to the parameter related to physical ac-
tivity.

2. Method according to claim 1, wherein the means for
measuring a parameter related to physical activity
comprise a camera, which is preferably positioned
above the enclosure.

3. Method according to any one of the preceding
claims, wherein at least a portion of the sidewalls is
transparent or a wire mesh or fence and/or wherein
at least a portion of the sidewalls comprise a material
transparent to heat radiation.

4. Method according to any of the preceding claims,
wherein the temperature sensing means and/or the
activity measurement means comprise a heat image
camera, which is preferably positioned above the en-
closure.

5. Method according to claim 4, wherein the data relat-
ed to body temperature and/or physical activity com-
prises two-dimensional image data generated by at
least one of the cameras.

6. Method according to any of claims 4 or 5 and further
comprising the steps

d capturing heat images, which are preferably
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2-dimensional images, by the heat image cam-
era;
d calculating center-of-heat points for at least
one of the at least one animal for a sequence of
heat images;
d calculating a distance between the center-of-
heat points of sequential heat images;
d using the distances between sequential cent-
er-of-heat points to determine a parameter re-
lated to the physical activity of said animal.

7. Method according to any of the preceding claims,
wherein the activity sensing means comprise at least
one photo sensor unit, each comprising at least one
transmitter and receiver, preferably located outside
the outer sidewalls of the enclosure, wherein said
transmitters and receivers are preferably adapted to
function in the infrared regime and wherein the step
of measuring the parameter related to physical ac-
tivity comprises detecting how often an animal inter-
rupts a light barrier defined by a transmitter and a
receiver within a preset time frame, wherein the light
barrier is preferably orthogonal to the direction of
gravity and more preferably adapted in height such
that it is only interrupted when the animal rears.

8. Method according to claim 4 to 7 and wherein the
step of measuring the physical activity comprises the
steps

d capturing heat images, which are 2-dimen-
sional images, by the heat image camera;
d defining a threshold temperature;
d defining a heat area in such a way that only
parts of the heat image with a temperature being
greater than the threshold temperature consti-
tute part of the heat area;
d defining for the part of the heat image corre-
sponding to a sub enclosure a threshold heat
area such that the heat area in the part of a image
being smaller, or greater, respectively, than the
threshold heat area corresponds to a rearing an-
imal and the heat area in the part of a image
being greater, or smaller, respectively, than the
threshold heat area corresponds to a non-rear-
ing animal;
d determining for the captured heat image
whether the animal is in a rearing position.

9. Method according to claim 2 to 8, wherein at least
one camera positioned above the enclosure com-
prises a depth sensor adapted to measure the dis-
tance of an object from the camera, and is preferably
realized as a depth sensor camera.

10. System to carry out the steps of the method of any
of the claims 1 to 9.

11. System, which is preferably adapted to carry out the
method of any of the claims 1 to 9, comprising

d an enclosure for at least one animal, prefer-
ably a small animal and particularly preferably
a mouse, a hamster, a guinea pig, a rat, a ferret
or hamster, with an outer sidewall, preferably 4
outer sidewalls;
d temperature sensing means for sensing a
body temperature of at least one animal and/or
activity measurement means for measuring a
parameter related to physical activity of at least
one animal;
d data processing means.

12. System according claim 11, wherein the means for
measuring a parameter related to physical activity
comprise a camera, which is preferably positioned
above the enclosure.

13. System according to any of claims 11 to 12, wherein
the temperature sensing means and/or the activity
measurement means comprise a heat image cam-
era, which is preferably positioned above the enclo-
sure.

14. System according to any of claims 11 to 13, wherein
the activity sensing means comprise at least one
photo sensor unit, each comprising at least one
transmitter and receiver, fixed outside the outer side-
walls of the enclosure, wherein said transmitters and
receivers are preferably adapted to function in the
infrared and adapted to measure the parameter re-
lated to physical activity by detecting how often an
animal interrupts a light barrier defined by a trans-
mitter and a receiver within a time frame, wherein
the light barrier is preferably orthogonal to the direc-
tion of gravity and more preferably adapted in height
such that it is only interrupted when the animal rears.

15. Use of the system according to the claims 10 to 14
in a screening method, in particular in a drug screen-
ing method.
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