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ABSTRACT

Digestive disorders are responsible for significant mortality and morbidity that have a negative impact on rabbit's
growth. Some antibiotics are used against these diseases, but other products must be developed to help animals
to deal with these disorders. For this purpose, it is necessary to have models to test these products. The aim of
this trial is to develop a model to reproduce colibacillosis by studying the effects of the date of inoculation and
inoculated Escherichia coli 0103 strain. This trial does not use specific pathogen free rabbits in order to have
representative farm rabbits. Inoculated rabbits near to weaning generated too high mortality. In this trial, a later
inoculation of rabbits with the strain A gives interesting results in terms of survival and growth performance. This
combination seemed to be a good compromise to experimentally reproduce colibacillosis to test new products as
solution against the disease.

Key words: Rabbit, ColibacillosisEscherichia coli0103, Model.

INTRODUCTION

Digestive diseases are among the most importabters encountered in rabbit production and occur
mainly in young rabbits after weaning (Marlier &t 2003). Digestive disorders are responsible for
significant mortality and morbidity that have a agge impact on rabbit's growth. Among these
diseases, Epizootic Rabbit Enteropathy (ERE), clasis and colibacillosis are very common. Some
antibiotics are used against these diseases, lrettsadlternatives should be developed to preveirt th
emergence. To this aim, it is necessary to haveetadd test these new products. Regarding ERE and
coccidiosis, models are developed (Boisot et 80520The model for colibacillosis was missing. The
aim of this trial is to develop a model to reproglwolibacillosis in order to test new products édph
animals to deal with this disease. The effectsgef at inoculation and of the inoculatédcherichia

coli (E. coli) strain are studied.

MATERIALSAND METHODS
This protocol was validated by the French Ethicahmittee n°52, under the project n° 03835.03.

Animals and inoculation

Six hundred and forty non specific pathogen frdzbita were allotted at weaning (36d), according to
their live body weight the day before weaning, thsgix and their litter origin in six groups. Anireal
were inoculated with 500uL of one of the two stsanf Escherichia coli O103ested (strain A or B,
respectively 1®and 16 CFU/mL) and 3 dates of inoculation were studieshrty” (few days after
weaning), “middle” and “late” (respectively 2 anddays after early inoculation) to investigate the
effect of age at inoculation. Six groups were @ddiy the combination of these 2 factors. Feed was
distributed ad libitum and did not contain any admstatic or antibiotic.
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Model validation

Feces were taken from 2 cages per group, betweemd67 days after inoculation, bacterial
identification and serotype determination were qenied on feces. Necropsies were done on 15
rabbits and a caecal bacterial count was doneesetanimals.

Health status and growth performances

Mortality was controlled every day and results wgreen as cumulative mortality at each weighing.
Live weight, feed intake and morbidity (presencénedlth disorders) were controlled at 43, 49, 86, 6
and 70 days of age. Average Daily Gain (ADG) wdsutated from live weight data.

End point was defined as followed: animal havingesght loss greater than 45 g/d; animal prostrated,
hardly moving, without strength; glassy look, whidbes not eat anymore; having or having had
diarrhea. Animals concerned were euthanized. Tiad®ts were counted as dead rabbits.

Statistical Analysis

Mortality and morbidity were analyzed by a Chi-saqutest. Results of live weight, live weight gain
and feed intake were analyzed according to a geleear model using ANOVA and testing group
effect. Results were significantly different wherv@lue was under 0.05, and means with different
letters on the same rows differed significantly.

RESULTSAND DISCUSSION
Model validation
Necropsies confirmed the death is due to colibasidl Bacterial counts &. coliin caecum content
are between 2.8x¥@nd 1x16° CFU/g, the serotype 0103 is also confirmed. Ire¢ethe bacterial
count of E. coli between 6 and 7 days after inoculation are betvéed® and 4x16 in inoculated
groups, serotype O 103 is also found. It is webtiwn that in rabbitsE. coli content is relatively low;
less than 10-10° CFUl/g of caecal contents (Marliet al, 2003; Licoiset Marlier, 2008). In this
study, bacterial counts in caecal contents areenighan values usually observed in rabbits, and
excretion oft. coliin feces is high. These high levelstatoli 0103 observed in this trial allow us to
confirm that rabbits died of colibacillosis, valtoeg thus the experimental reproduction of the atse

Health status

Table 1. cumulative mortality in % according to the strainculated and inoculation date

Strain A A A B B B

Inoculation date “early” “middle” “old” “early” “middle” “old” p value
D43 1.1 0.0 0.0 0.0 1.2 0.0 NS
D49 20.0 15.6™ 1.18 21.5¢ 8.6° 0.02 <0.001
D56 60.0° 37.1% 10.32 43.3 31.3° 10.02 <0.001
D63 62.7° 45.5%¢ 12.9° 52.4° 37.5% 18.92 <0.001
D70 68.4° 47.7% 20.0°7 60.0° 37.5%¢ 29.4% 0.0021

Means with different letters on the same rows difgnificantly.

At 43 days of age, mortality is low in all groumscgluding the 2 groups “early” (Table 1). From D49
to D63, some differences appear among groups; fitgria significantly higher in “early” and
“middle” inoculated rabbits compared to “late” indated rabbits, whatever the strain. This
observation is supported by the study of Licgisal, 1992, in which they showed a strong effect of
the animal’'s age at inoculation on mortality; mbtyafor young rabbits is very high compared to
rabbits inoculated later. This effect of age on taldy could be explained by the fact that young
rabbits have a not totally mature immune systemvéen 4 and 8 weeks of age, as proposed by
Combeset al, 2013.

At the end of the present trial, mortality variesni 20.0 to 68.4% depending of the group. In this
model of experimental reproduction of colibacilst is important not to have a too high mortality
because effects of products are measured on alblets at the end of the experiment. Using non SPF
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rabbits allows the use of rabbits similar to thfmend on farms. In this trial, mortality in the Pogps
“early” appears to be too high (68.4% and 60.0%).

Depending on the groups, at 43 days of age moybidities between 56.38% and 1.15% (Table 2);
“early” inoculated rabbits are significantly moreorbid compared to “middle” and “old” inoculated
rabbits, whatever the strain used. At D46, morpiddries from 47.25 to 0% according to the group.
Morbidity in “early” and “middle” inoculated rablgitis significantly higher than in “old” inoculated
rabbits. After D49, there is no significant diffaoe between groups.

Table 2: Morbidity in % according to the strain inoculat@ad inoculation date

Strain A A A B B B |
Inoculation date “early” “middle” “old” “early” “middle” “old” pvajue
D43 56.4° 34.4° 2.1° 24.0° 1.22 1.28 <0.001
D46 473 29.8¢ 10.5° 38.5° 30.2° 0.0% <0.001
D49 29.1 19.3 21.3 16.5 17.5 11.5 NS
D56 6.8 18.6 15.1 10.4 16.7 15.2 NS
D63 0.0 0.0 7.1 6.3 1.6 4.1 NS
D70 3.6 3.1 6.3 1.7 1.6 3.0 NS

Means with different letters on the same rows d#ignificantly.

Growth performances

There is no significant interaction between age Bndoli strain on body weight (Table 3). At D43,
the age at inoculation had an effect on the bodghteof rabbits. The body weight of “early” or
“middle” inoculated rabbits is significantly lowénan for “old” inoculated rabbits. The strain had a
effect on live body weight at D43, D49 and D56;hbigbinoculated with the strain A are significantly
lighter than rabbits inoculated with the strain 8. D63 and D70, there is no difference between
groups.

Table 3: Live weight and Average Daily Gain according te #train inoculated and inoculation date

Strain A A A B B B psz’ra;j“ne Vafue va?ue
Inoculation date early middle old early middle old «Date Date Strain
Live Weight ()

D35 Means  942.77 943.64 949.59 947.70 948.59 944.92 NS NS

SD 79.79 81.61 73.47 72.72 56.90 74.30
D43 Means 121578 1312.06¢ 1415.79 1349.3% 1377.65° 1414.49

SD 83.64 9461 10291  99.19 69.24 93.04 NS <0.001 0.005
D49 Means ~ 1467.36  1486.91  1553.74  1647.24  1621.55721.63 | o NS  <0.001

SD 142.03 126.64 128.10 123.67 127.51 105.55 .
D56 Means ~ 1824.85  1768.80  1807.56  1995.13  1928.44990.I4 | o NS <0.001

SD 188.03 163.25 136.12 145.04 154.61 143.26 .
D63 Means — 2224.63  2137.48 212190 229533  2273.89229.83 | o NS NS

SD 202.96 153.32 147.80 181.61 149.46 191.73
D70 Means ~ 2555.81  2434.18  2398.08  2588.83  2538.65503.97 | o NE -

SD 192.03 162.17 186.04 158.01 126.25 213.97
Average Daily Gain (g/d)
35-43d Means 34.18 46.05° 58.26 50.20°°  53.64% 58.70° <0.001

SD 8.87 5.27 4.22 7.36 3.40 3.12
43-49d Means  41.9%  29.14® 23.01° 49.65° 40.65™ 51.20° 0.007

SD 14.16 12.98 7.06 10.71 13.42 553
49-56d Means  51.07  40.27Y 36.28" 49.71 43.85 38.44Y

SD 9.47 10.09 10.48 10.07 7.34 967 NS <0001 NS
56-63d Means 57.11  52.67 44.97Y 42.90° 49.35¢ 34.10

SD 5.52 6.92 9.91 10.48 3.87 1096 NS <0.001 <0.001
63-70d Means 47.32 42.39 39.47 41.94 37.83 39.20 | o NS NS

SD 8.50 8.95 7.92 10.56 9.59 9.73
35-70d Means 46.08 4258 41.39 46.89 45.45 4455 | o NS NS

SD 4.86 3.52 4.44 4.05 2.75 4.59

Means with different letters on the same rows diignificantly; a, b, c and d are for the interactage*strain; and x and y
for the effect of age at inoculation.

Regarding the ADG between 35 and 43 days, and ketw8 and 49 days, there is an interaction
between the date of inoculation and the strain IE@F&). ADG35-43d is significantly lower in the
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group Strain A “early” compared to the 2 “old” gpsu ADG of the group Strain A “middle” is
significantly lower than ADG of group “old” and &tn B “middle” but higher than rabbits from group
Strain A “early”. ADG43-49d is significantly lowéan the group Strain A “old” compared to groups
“early” and strain B “middle” and “old”. After thesperiods, there is no interaction between date of
inoculation and strain. From 49 to 56 days, anceféé the date of inoculation is observed; ADG of
“early” inoculated rabbits is significantly highéran that of “middle” and “old” inoculated rabbits.
From 56 to 63 days, ADG is significantly improveor f'early” and “middle” inoculated rabbits
compared to “old” inoculated rabbits. For this pdrian effect of the strain appears; ADG is higher
for rabbits inoculated with the strain A. Therenis significant difference between groups for ADG
from 63 to 70 and from 36 to 70 days of age.

Feed intake

Table 4. Feed intake (g/d/rabbit) according to the stradculated and inoculation date

Strain A A A B B B p value p value pvalue
Inoculation date “‘early”  “middle”  *“old” “‘early”  “middle” “old” Strain* Date  Date  Strain

Feed intake (g/d/r abbit)

35-43d Means 73.75% 96.29° 108.89° 91.03° 102.53¢ 107.27¢

SD 940 820 700 1170 670 770 0003
43-49d  Means 75.44° 74.03° 10005 9681 10180 133.29
SD 2504 1855 1153 3022  22.25 1022 NS <0.001  <0.001
49560 Means 12269 109.34 107.92 12692 11535 12201 . NSNS
SD 2126  17.67 1617 2007 2107  16.10
56-63d  Means 170.77 157.00° 138.39 152.00° 157.64° 127.68
SD 1842 1415 1891 2722 9176 1858 NS <0.001  0.041
63-70d  Means 17945 165.65 152.60' 16573° 167.27° 15100 NS 000l NS
SD 1499 1392 225 1541 1751  24.07 :
35700 Means 12437 12110 12182 12651 12894  127.60 NSNS
SD 1304 874 1136 1582 837 11.21

Means with different letters on the same rows digignificantly; a, b, ¢c and d are for the interaict x and y for the effect of
age at inoculation.

Regarding feed intake from 35 to 43 days of agerethis an interaction between the date of
inoculation and the Strain used (Table 4). Aninmalgroups “old” eat significantly more than animals
in groups “early”. From 43 to 49 days, an effecttbé date of inoculation is observed; “old”
inoculated rabbits eat more than ‘early” or “middigoculated rabbits; the same observation is made
for 56-63d and 63-70d. The effect of the straiabiserved for periods 43-49d and 56-63d; the sBain
allows a higher feed consumption. On the whole qokrihere is no effect on feed intake. Feed
conversion ratio is not calculated, because inetlvesditions it is too variable to interpret it.

CONCLUSION

In conclusion, this trial demonstrates the effeicthe date of inoculation on mortality and growth
performance, as previously described by Licoid,e1$02. Rabbits that are inoculated wittcoli near

to weaning show lower survival but a greater growththe survivors. Strain B seems to be less
pathogen on rabbits inoculated “early” or “middlé&f.this trial, the “middle” and “old” inoculatioof
rabbits enables to achieve a mortality level whigm permits to run trials that aim at reducing
mortality due to colibacillosis. Thereby, the “midtor “old” inoculation of rabbits with the straify
seemed to be a good compromise to meet our aimefféet of the weaning weight could also have
an effect on mortality, it could be interestingstady this.
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