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In this study, infrared thermography (IRT) was assessed as a means of detecting the changes
in body temperature in rabbit coccidiosis, as well as determining IRT used in imaging
and measuring the regional changes in skin temperature that occur in the rabbits during
this infection. Rabbits were inoculated with 5 x 10% or 1 x 10° oocysts of Eimeria intesti-
nalis, respectively. The group of control animals remained non-inoculated throughout the
study. All measured temperatures (rectal, ocular surface and auricle pavilion temperatures)
dropped significantly (P<0.05) in rabbits infected with 1 x 10° oocysts. This group of rab-
bits also showed a medium negative correlation in rectal temperature (r=-—0.49), ocular
surface temperature (r=-0.49) and auricle pavilion temperature (r=-0.49) and a small
negative correlation in live body weight gain (r=—0.22) depending on the number of days
elapsed from the time of infection exposure.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Coccidiosis is a highly contagious sporozoal infection in
rabbits, with a low prognosis for recovery. Itis caused by 15
species of Eimeria and has been observed mainly in the gas-
trointestinal tract of rabbits (Coudert et al., 1993; Pakandl,
2009).

Symptoms of coccidiosis will depend on the state of
the disease at the time of observation as well as on the
species of Eimeria. In general, coccidiosis affects the intesti-
nal tract, and symptoms are associated with it. In mild
cases, only watery diarrhoea may be present, and if blood is
present in the faeces, it is in small amounts, and in certain
species only (Li and Ooi, 2009). Severely affected animals
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may have thin, watery faeces with considerable amounts
of intestinal mucosa and blood. One of the signs of coc-
cidiosis is hypothermia (Witlock, 1984; Koinarski, 1985;
Pinard-van der Laan et al., 2009). That some degree of
hypothermia existed during coccidiosis was recognized by
Herrick (1950), who advocated the therapeutic use of heat
for flocks during outbreaks of coccidiosis. Witlock et al.
(1981) confirmed that changes in body temperature were
slight until a determined point of fatal infection. The body
temperature of birds just before death greatly decreased
below the control values.

Infrared thermography (IRT) is a modern, non-invasive
and safe technique of thermal profile visualisation. The
thermographic method is also found in veterinary medicine
and animal science (Kastberger and Stachl, 2003). In liv-
ing organisms, changes in vascular circulation result in an
increase or decrease of tissue temperature, which is then
used to evaluate the situation in that area (Harper, 2000).
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The aim of the present study was to determine the
changes in body temperature in rabbit coccidiosis, and to
utilize IRT to image and measure the regional changes in
skin temperature that occur in rabbits during an infection
of coccidiosis. The pilot study was carried out to determine
the effect of coccidiosis on rectal temperature, surface body
temperature and overall condition of rabbits.

2. Materials and methods

A total of 18 rabbits (hybrid Hyla) aged 55-60 days were
used. They were coccidian-free and reared under controlled
conditions. They were divided into two treatment groups
(A and B) and one control group (C) each containing 6 rab-
bits. The rabbits were kept individually in the cages and fed
a supplementary commercial feed for 30 days before infec-
tion, after which only commercial non-supplementary feed
was given.

The pure strain of Eimeria intestinalis (Laboratory of
Coccidia, Institute of Parasitology, Biology Centre, ASCR,
v.v.i.) was used for the experimental infection, and ani-
mals were inoculated per os. At day 0 of the experiment,
the rabbits were inoculated with 5 x 104 (group A) or 10°
(group B) oocysts. Uninfected animals served as a control
(group C). Each day, from 5 to 20 dpi (days post-infection),
faecal samples were collected from all the animals, and
oocysts per gram (OPG) were estimated using the modi-
fied McMaster technique. Rabbits were sacrificed on day
21 post-inoculation. OPG, rectal temperature (by digital
thermometer), ocular surface temperature, auricle pavil-
ion temperature (by thermographic camera) and live body
weight were monitored every day between 09:00 and
10:00 am. The microclimatic conditions of the experimen-
tal room (air temperature, ambient temperature, relative
air humidity and air velocity) were recorded with the use
of TESTO 415, TESTO 615 and pyrometer TPT60+.

Statistical analysis of both thermographic and biologi-
cal data was conducted by the statistical software program
Statistica.cz.

3. Results and discussion

The recorded microclimatic conditions were as follows:
air temperature was from 21 °Cto 25.3 °C, the ambient tem-
perature from 17.1°C to 24.9 °C, relative air humidity from
42.3% to 66.8%, air velocity was not recorded.

Inoculation of 10° E. intestinalis oocysts caused mortal-
ity in 3 animals after 9 days pi. Most animals died after
11 days pi. All infected animals excreted oocysts in the
course of patency. The highest level of oocyst excretion was
observed in group B, which was infected with 10° oocysts.

Oocyst shedding started on 6dpi, and rose rapidly to
a peak mean (on 10th day) of about 6 x 105 OPG (group
A) and 107 OPG (group B), respectively. A decline of
oocyst excretion was observed on day 11, thereafter it
dropped rapidly. The animals of group B exhibited diar-
rhoea between 8 and 13 days pi. In group C, the uninfected
control group, very little excretion was observed through-
out the entire study period.

The values of rectal temperature, ocular surface temper-
ature, auricle pavilion temperature and live body weight

Fig. 1. (a) Thermal profile of a healthy rabbit and (b) thermal profile of
rabbit infected with Eimeria intestinalis oocysts (10°) (10th day of disease).

were evaluated on days zero and 10 (peak of infection) of
the experiment. The changes of observed temperatures are
illustrated by means of two thermograms (Fig. 1a and b).
The results in the changes in temperature and in live
body weight are presented in Table 1. Rectal temperatures
in group B dropped significantly (P<0.05). The difference
between days zero and 10 was 0.5 K. Groups A and C did not
show statistically significant differences in this observed
parameter. The changes of rectal temperature in group B
were significantly different (P<0.05) when compared with

Table 1
Mean values of temperature [°C] and live weight [kg] on days zero and 10
in tested groups.

Group A Group B Group C

Mean rectal temperature

0 day 38.99 + 0.55 38.85 + 0.54? 38.82 + 0.51

10th day 39.21 + 0.774 38.35 + 0.46*%  38.93 + 0.62°
Mean ocular surface temperature

0 day 35.96 + 0.52 35.97 + 0.39? 35.95 + 0.34

10th day 36.04 + 0394 35.18 + 0298 3561 + 0.36°
Mean auricle pavilion temperature

0 day 29.85 + 2.24 30.83 + 1.24° 30.18 + 1.31

10th day 28.05 + 2.824 25.40 + 2458 27.77 + 1.76°
Mean live weight

0 day 1.82 £ 0.19 1.88 + 0.16 1.81 £ 0.182

10th day 1.81 + 0.154 1.87 +£0.21B 2.19 + 0.19%AB

a: within group (P<0.05).
A,B: between groups (P<0.05).
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groups A and C. A significant change (P<0.05) in ocular
surface temperature was found in group B. Ocular sur-
face temperature decreased to 0.75K. Similar significant
changes did not occur in groups A and C. The changes of
ocular surface temperature in group B were significantly
different (P<0.05) when compared with groups A and C.
A significant change (P<0.05) in auricle pavilion temper-
ature was again recorded in group B. The auricle pavilion
temperature decreased to 5.43 K compared to the temper-
ature recorded on day zero. No significant responses were
observed in rabbits of groups A and C.

Anincrease in live body weight was found only in group
C, both groups A and B showed growth depression. The dif-
ference in the parameter between groups C, A, and B was
identified as statistically significant (P<0.05).

Group B showed medium negative correlation in rec-
tal temperature (r=-0.49), ocular surface temperature
(r=-0.49) and auricle pavilion temperature (r=-0.49)
and small negative correlation in body live weight gain
(r=-0.22) depending on day of disease. In groups A and
C, medium negative correlation was not found.

The study confirms that E. intestinalis is pathogenic for
rabbits and causes a high rate of mortality from inoc-
ulations of 10° sporulated oocysts. During the study,
we observed that several experimentally infected rabbits
exhibited signs of diarrhoea, which was self-limiting after
14 dpi. This is in accordance with earlier studies (Catchpole
and Norton, 1975; Coudert, 1976). Symptoms were most
evident between 8 and 13 days pi. This coincides with
gametogenesis, which occurs 8—-10 days pi (Cheissin, 1958).

Live body weight was influenced negatively by coccidio-
sis but it did not decrease in the inoculated groups (animals
did not grow). Coudert et al. (1993) or Drouet-Viard et al.
(1994) described a decrease in weight gain. Similar results
were not recorded in our study.

The aim of the study was to compare temperature
changes of different parts of the body during patent
infection of E. intestinalis using an infrared camera. This
study confirmed hypothermia in infected rabbits. Rectal
temperature in rabbits with inoculation of 10° E. intesti-
nalis oocysts decreased below the physiological range
(38.6-40.1°C). These data are confirmed by Witlock et al.
(1981), who obtained similar results in chickens. The body
temperature in the chickens also dropped below the con-
trol value.

Body surface temperature has not yet been investigated
during coccidiosis in rabbits. The best method available to
provide information on the temperature of the body sur-
face and, in particular, on the dynamics of its changes, is
IRT. IRT facilitates the localization of increased (inflamma-
tion or injury) or decreased heat (reduced blood flow or
vasomotor tone). The patterns of a thermogram are affected
by activities of the tissues, organs, and vessels inside the
animal’s body, and may be unique for a particular disease
(Dunbar and MacCarthy, 2006).

In a pilot study of Ludwig et al. (2007), ocular sur-
face temperature and auricle pavilion temperature were
chosen for the evaluation of thermal status in rabbits.
Ocular surface temperature and auricle pavilion tempera-

ture in rabbits with inoculation of 10° E. intestinalis
oocysts decreased significantly and differed from other
groups. Rabbits with severe infection of coccidiosis showed
hypothermia and the total thermal profile of animals
changed. We can conclude that E. intestinalis can signific-
antly affect the homeostasis of organisms, and subse-
quently their thermal status.

In this study IRT detected significant changes in body
surface temperature during coccidiosis. Infrared thermal
measurements can be used very successfully in the predic-
tion and detection of diseases, in research, as well as other
applications in animal science.
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