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ABSTRACT

Limiting the post-weaning intake of the young rabbit is known to improve its resistance to digestive troubles, while
a degradation of housing hygiene is supposed to have a negative impact on health. A 2 X 2 factorial design from
28d of age (weaning) to 64 d of age was set up to study these two factors: ad libitum intake or restricted at 70%
of ad libitum, and high vs low hygiene of housing (n=105 per group). Body weight was recorded weekly and
mortality and morbidity were checked daily. At 36 and 45 d, 15 animals per group were subcutaneously
immunized with ovalbumin (OVA) to assess their specific immune response. Blood were sampled at 36, 45, 57
and 64 d (slaughter) to determine total and anti OVA IgG and haptoglobin levels. At 64 d, rabbits were sacrificed
to collect cecal contents (18 per group). The cecal pH, NH3, volatile fatty acid (VFA) concentration were
measured to characterize microbial fermentative activity. A 30 % reduction in feed intake led to a 17% growth
decrease (p<0.001), and improved the feed conversion ratio by 15 % (p<0.001). The degradation of hygiene
condition decreased feed intake in rabbits fed ad libitum (-3.5 % p<0.02). Poor hygiene condition did not affect
weight gain, but feed conversion between 42 and 64 d was improved (p<0.05). Restricted feeding led to a lower
on mortality between 28 and 40 days of age (5 vs 13 deads/210 resp for restricted and ad libitum groups,
p=0,047) while degraded hygiene conditions decreased overall morbidity (7.8% vs 16.6% p<0.01). Cecal VFA
balance was not affected by treatments, while total VFA and pH were respectively increased (+19% p<0.001) and
decreased (-0.1 pH unit p<0.05) in restricted fed rabbits. Nor specific anti OVA IgG neither haptoglobin were
affected by treatments. Total IgG concentrations were the highest in LH-R animals after 8 days of restriction but
decrease after 19 days of restriction in high hygiene condition (-2.15 % p<0.05). Our results suggest that a
degradation of environmental hygiene had no negative impact on growth but led to an unexpected morbidity
reduction. We demonstrated that neither systemic specific nor systemic inflammatory responses were impacted
by the feed restriction. Moreover feed intake limitation might penalize IgG production.

Key words: rabbit, housing hygiene conditions, feed intadeel, specific and inflammatory immune
response, cecal microbial activity

INTRODUCTION

A high incidence of digestive diseases is obsemvegoung mammals, particularly around the
weaning period (feed transition, stresses, etc..he €tiology is often related to distortions and
instability in microbiota and incapacity of innate adaptive immune system to fight efficiently
against opportunistic pathogen bacteria. Thereloynimistration of antimicrobial is a common
practice to control digestive diseases. Howeveh swactice led to the emergence and dissemination
of antibiotic-resistant bacteria and representaldip health threat for human as well as for aniriral
this context, feed restriction is one of the moswverful alternative to reduce incidence of digestiv
diseases in growing rabbits and particularly epizooabbit enteropathy syndrome (for review
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Gidenneet al., 2012). In growing pigs, Le Floch et al. 12D challenged restricted growing pig with a
degradation of environmental hygiene in order ttuoe a moderate inflammatory status (Le Flet'h
al., 2006). They demonstrated that feed restrictemuced the occurrence of digestive disorders (Le
Floc’h et al., 2014) but did not reduce the systemic mftatory response caused by poor hygiene
conditions. To get more insight in the mechanismaaifon of feed restriction in rabbit, this studgsv
undertaken to evaluate the interaction between feidke level and hygiene condition on growth
performance, health, specific and inflammatory immuresponse and digestive microbiota
functioning.

MATERIALSAND METHODS
Animals and measur ements

The experiment was carried out according to thepgean Union recommendations on the protection
of animals used for scientific purposes (2010)hat INRA Experimental Unit (INRA PECTOUL,
Toulouse, France). Young rabbits (New Zealand Whi@alifornian), weaned at 28 days of age, were
caged collectively (5 rabbits per cage) and altbiteo 4 groups (n=105 rabbits per group), accgrdin
to a 2x2 factorial design : two groups were housed room with low hygiene, and fed ad libitum
(LH-F) or restricted to 70% of the ad libitum intakLH-R), and two other groups of animals were
housed in a room with a high level of hygiene, &od freely (HH-F) or restricted to 70% of ad
libitum intake (HH-R). The room with a high hygietevel was cleaned thoroughly before the
animal’s entry. In the room with poor hygiene cdiatis, previous animal manure was not removed
and no cleaning or disinfection of cages was danegpt a fur cleaning). The lighting schedule
alternated 14 h of night with 10 h of light from:0Q to 11:00. Restricted animals were fed dailgin
single distribution between 09:00 and 9:30 in otdesynchronize the ingestion profile. The amounts
of feed distributed to the restricted groups weatedated on the basis of a theoretical ad libitum
ingestion curve, and readjusted for each diet atogrto the real ingestion of the ad libitum fed
rabbits. Rabbits were fed the same pelleted exeetial diet (crude protein 17.4%, ADF=18.4% as
fed ; dehydrated alfalfa 33.0%, barley 14.5%, wHéa0%, soybean meal 12.0%, beet pulp: 12.0%,
sunflower meal: 11.0%). Rabbits were weighed irtiiglly once a week, feed consumption was
measured per cage twice a week, and morbidity aorthiity were checked once a day. At 36 days of
age, fifteen rabbits per group were subcutaneousiyunized with injection of 6Q@ ovalbumin
(Sigma-Aldrich) in incomplete Freund's adjuvantgf8a) and challenged 8 days later with 300 pg
ovalbumin in incomplete Freund's adjuvant. Anima¢se handled according to the care of animals in
experimentation, in agreement with European letiisig European Union, 2003).

Blood samples were taken on the fifteen immunizdabits at 36, 45, 57, and 64 days of age. At 64
days of age, 18 rabbits per group were sacrifitbdreafter, the full cecum was quickly removed and
weighed, and cecal contents were sampled immegidtghmphoid organs (spleen and vermiform
appendix) were weighed. The pH was measured ircéicem and dry matter of cecal content was
determined by heating a 10 g sample at 103 °C 4dn.2/FA was measured by gas chromatography
and NH3 concentration was determined by a colorimetethod. The total and specific antibody anti-
OVA concentration of the immunoglobulin type G (lg&as measured by ELISA as previously
described (Knudseat al., 2015) Plasma concentration of haptoglodimajor acute-phase protein,
was measured by a colorimetric method (Phase Hiiiogassay T801, Tridelta Development
Limited, Maynooth, Ireland) on blood sampled frothdito 64 d.

Statistical Analysis

All statistical analyses were done using R softwiterbidity and mortality were analyzed using a
chi-square test. Non-repeated numerical data (grpetformance and fermentative parameters) were
subjected to an analysis of variance (ANOVA) usarngvo-factor model —hygiene of the housing and
intake level — and their interaction. Repeated mizakdata (specific and total IgG and haptoglobin)
were analyzed by a linear mixed model, including,amd two-factor model —hygiene of the housing
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and intake level — and their interaction as fixdfeas, and the rabbits as a random effect. To
perform mean comparison the Tukey’s HSD test wasd.us

RESULTSAND DISCUSSION

As expected, a reduction of 30% of the intake (&laygvs 123 g/day) led to a 17% reduction in daily
weight gain (DWG 28-63d: 49.1 g/day vs 41.5 g/dayjch resulted in a 15% improvement of the
feed conversion ratio. No significant differencegrev observed on overall mortality (10.9 %).
However, a positive effect of intake limitation orortality was observed for the period 28-40d: 5 vs
13 dead rabbits /210 rabbits, respectively for [AH-H-F] and [HH-R+LH-R] groups (p=0,047).
Poor hygiene conditions resulted in a half reductbdmorbidity for the whole period (7.8% vs 16.6%
p<0.01).
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Figure 1 Effect of hygiene of housing and of intake leveltba plasma anti-OVA IgG and the total
plasma IgG concentrations from 36 to 64 days ofiagabbits

As previously shown by Knudsen et al. (2015), tg@sma IgG concentrations evolved with age
(p<0.001) to reach their maximum level at 57 d dadreased thereafter (p< 0.05) (Figure 1). At 36 d
total 1IgG were the highest in LH-R (p<0.05). At 87the rabbits in high hygiene condition with a
limited feed intake had a decrease in the total ég@centration (-2.15% p<0.05). The depletion in
total 1gG in restricted rabbit may result from tregluction of available energy for immune system,
which are costly process or from a reduction inreabolites available for synthesis, as suggested
previously (Knudseret al., 2015). As expected, plasma specific antAAQyG concentrations were
not detected prior immunization (36 d). Before seeond OVA immunization (45 d), anti-OVA IgG
could only be measured in 5 out of 60 rabbits amtesponded to the primary specific response.
Thereafter anti-OVA IgG concentrations increasetivben 57 and 64 days of age. Nor hygiene
condition neither intake level did affect anti-OM&G concentrations and haptoglobin (0.38 + 0.18
mg/ml). This last observations is in agreement &itlecent study that did not evidence any effetcts o
the feeding level on the inflammatory response eeduby LPS injection (Knudsest al., 2016). The
hygiene of the housing did not impact the relatiwgight of the cecum, the appendix or any of the
cecal biotope parameters. The relative weight eticewas greater in restricted fed rabbits than ad
libitum groups (-1 point p<0.001 Table 1). The tela weight of the vermiform appendix was
reduced in restricted rabbits (-0.3 points p<0.0@é&cal pH was lower for the animals under a
restricted diet (5.60 vs 5.51 p<0.05). The totalAVEoncentration was 15% higher for restricted
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animals (101.7 vs 121.4 mMol/L, P<0.001), but m@lesportion of acetate, butyrate and propionate
was not different from free fed animals. Higher VEé&ncentration and the related lower pH observed
in restricted rabbits would mainly result from tH#ference in ingestion behavior compare to ad
libitum one (Martignoret al., 2009; Gidennet al., 2012).

Table 2: Cecal physico—chemical and fermentation paramsgs&cording to housing hygiene and
intake level, in the young rabbits

Groups SEM P levels

HH-F  HH-R LH-F LH-R Hygiene IL Hyg x IL
Caecum weight/live weight, % 6.6 7.8 7.2 8.0 0.13 090. <0.001 0.44
Appendix weight/live weight, % 0.31 0.30 0.33 0.28 0.01 0.88 <0.001 0.07
Spleen weight/live weight, % 0.072 0.074 0.082 0.07 0.002 0.28 0.19 0.06
Dry matter level, % 21.7 21.3 21.5 21.2 0.2 0.54 300. 0.87
pH 5.64 5.49 5.55 5.54 0.02 0.58 0.014 0.06
Total VFA (mmol/L) 105.8 118.7 97.6 124.3 2.4 0.77 <0.001  0.10
Acetate (%) 80.5 80.6 79.0 79.9 0.3 0.11 0.46 0.60
Butyrate (%) 14.7 14.3 15.7 15.4 0.1 0.14 0.60 0.94
Propionate (%) 4.4 4.7 4.9 4.4 0.3 0.64 0.64 0.10

CONCLUSIONS

Our results confirmed the favorable effect of fésdke limitation on health and feed efficiency. A
degradation of environmental hygiene had no negatiyact on growth but led to an unexpected
morbidity reduction. We hypothesized that the leg&ldegradation was not sufficient enough to
impair health status but instead seems to triggeghanisms to preserve health. We demonstrated that
neither systemic specific nor systemic inflammat@yponses were impacted by the feed restriction.
Moreover feed intake limitation might penalize Igéduction.

ACKNOWLEDGEMENTS

B. Gabinaud, M. Segura for laboratory analyzesChuquil for data processing, and the team at
PECTOUL for data collection and for animal takeecar

REFERENCES

Gidenne T., Combes S., Fortun-Lamothe L. 2012. kigedte limitation strategies for the growing rablaffect on feeding
behaviour, welfare, performance, digestive phygjgland health: a revievAnimal, 6, 1407-1419

Knudsen C., Combes S., Briens C., Duperray J., Rebau&ataun J.-M., Travel A., Weissman D., GidenneOswald |.P.
2015. Quantitative Feed Restriction Rather Than GalBestriction Modulates the Immune Response of Grpwin
Rabbits.J. Nutr. 145, 483-489

Knudsen C., Combes S., Mousavikhorshidi H., Oswah], IGidenne T. 2016. An LPS based method to stietlze
inflammatory response in growing rabbigorld Rabbit Scin press.

Le Floc’h N., Jondreville C., Matte J.J., Seve BO&0mportance of sanitary environment for growtrfprmance and
plasma nutrient homeostasis during the post-wegménigd in pigletsArch Anim Nutr60, 23-34.

Le Floc’h N., Knudsen C., Gidenne T., Montagne LerMt E., Zemb O. 2014. Impact of feed restrictiam health,
digestion and faecal microbiota of growing pigs $exaliin good or poor hygiene conditioAsimal,8, 1632-1642.

Martignon M., Combes S., Gidenne T. 2009. Réle duerael distribution de I'aliment dans une stratégieadionnement:
conséquence sur le profil d'ingestion, la croissaet la santé digestive du lapim Proc. 13émes Journées de la
Recherche Cunicole, 17-18 Nov., Le Mans, Frap8é;42.

376



=§ |NQA Effect of housing hygiene conditions and feed intake on specificand inflammatory

E— immune response, bacterial cecal fermentation and survival of rabbits

CombesS. ", Massip K.!, Martin 0.2, Furbeyre H."2, Balmisse E.3, Le Floch N.#, Zemb 0., Oswald I.P.2, T. Gidenne T. m

GenPhySE

Génstiaue, Physiologie ot Systomes dElevage

ENSATY

LINRA GenPhySE, Université de Toulouse, INPT, INP-ENVT, F-31326 Castanet-Tolosan, France
2INRA, Toxalim, Research Centre in Food Toxicology, F-31027 Toulouse, France .
3INRA, UE PECTOUL, F-31326 Castanet-Tolosan, France 7".}(4/'/’7
4INRA UMR PEGASE, F-35590 Saint-Gilles, France h

Introduction and objectives

Limiting the post-weaning intake of the young rabbit is known to improve its resistance to digestive troubles, while a degradation of housing hygiene is supposed to
have a negative impact on health.

We aimed to get more insight in the mechanism of action of feed restriction in rabbit, this study was undertaken to evaluate the interaction between feed
intake level and hygiene condition on growth performance, health, specific and inflammatory immune response and digestive microbiota functioning.

Materials and Methods

OVA OVA Slaughter
¥ ¥ ¥
28d 36d 64d

OVA: At 36 days of age, 15 rabbits per group were subcutaneously

Ad immunized with injection of 600ug ovalbumin in incomplete

High .~ Libitum HHF

2 Hygiene 0% HHR Frgund's adjuvant and cha_llenged 8 days later with 300 pg ovalbumin
‘ - Feed Restricted 70% in incomplete Freund's adjuvant.
~N - Ad -
Low Libitum LH-F Lo TN Measurements: Feed intake, animal weights and health status were
Hygiene ~__ 70% LH-R recorded weekly. Mortality was recorded daily.
’ ’ Organ relative weight at 64d. Plasma 1gG and anti OVA-IgG,
Haptoglobin (at 36, 45, 57 & 64d). Cecal fermentative parameters at
Weaning  Blood Blood Blood Blood & Cecum 64d.
sampling sampling sampling sampling
15/group 15/group 15/group 15-18/group
Results

. . . Effect of hygiene of housing and of intake level on mortality
¢ A 30 % reduction in feed intake led to a 17% growth decrease (p<0.001), and

improved the feed conversion ratio by 15 % (p<0.001).

&

900000000000
« Adegradation of environmental hygiene had no negative impact on growth but led to 2" [HF+LF] vs Py
an unexpected morbidity reduction (7.8% vs 16.6% p<0.01) Se [HR+LR] 6
E
g P=0,046 -.-?. 0800000000000000
_ _ _ _ S _ g s o
Cecal physico-chemical and fermentation parameters, according to housing hygiene and intake level T 8 OEW - Aoh-k DOC
‘5 ‘ﬁmx _PO000eK
m B e e p {
e TR Plevels B & foov *HH-F
Hygiene IL £ * AT <=HHR—
Caecum weight/live weight, % 6.6 7.8 7.2 8.0 0.09 <0.001 2 5] ‘J‘W -o-LH-F
Appendix weight/live weight, % 031 0.30 033 0.28 0.88 <0.001 -oLH-R
Spleen weight/live weight, % 0.072 0.074 0.082 0.071 0.28 0.19 40 42 44 46 48 50 52 54 56 68 60 62 64
Age {dk
Dry matter level, % 27 | 213 215 212 054 0.30 oo (G2y2)

H ! 4 ! ! ! 014 ) ) ) )
E 564 549 535 554 058 00 Effect of hygiene of housing and of intake level on the plasma anti-OVA
Total VFA (mmolL) 1058 | us7 976 1243 o7 <0001 1gG and the total plasma 1gG concentrations from 36 to 64 days of age
Acetate (%) 80.5 80.6 79.0 79.9 011 0.46
Butyrate (%) 14.7 143 15.7 15.4 0.14 0.60
Propionate (%) 44 4.7 49 44 0.64 0.64

b o — b
65 = 50 3
- 4
« Cecal VFA balance was not affected by treatments, while total VFA and pH were respectively increased : |5 :;
(+19% p<0.001) and decreased (-0.1 pH unit p<0.05) in restricted fed rabbits. g H
2 3
« Nor specific anti OVA IgG neither haptoglobin were affected by treatments. Total 1gG concentrations were §6-0 “ %
the highest in LH-R animals after 8 days of restriction but decrease after 19 days of restriction in high 3
A P LH-F &
hygiene condition (-2.15 % p<0.05) A
Fhrn
55 4.0
36 45 57 64

Age (days)

Conclusion

Our results confirmed the favorable effect of feed intake limitation on health and feed efficiency. A degradation of environmental hygiene had no negative impact
on growth but led to an unexpected morbidity reduction. We hypothesized that the level of degradation was not sufficient enough to impair health status but
instead seems to trigger mechanisms to preserve health. We demonstrated that neither systemic specific nor systemic inflammatory responses were impacted by
the feed restriction. Moreover feed intake limitation might penalize 19gG production.
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