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Abstract

Antibiotics have been widely used for the prevention and the treatment of diseases to humans and animals, and they
have fed additives for agricultural animals to promote growth. However, there is a growing concern over the practice
due to its side effects on intestinal microbial communities which plays a vital role in animalshealth. To investigate the
effect of antibiotics on the bacterial population of the caecum in rex rabbits, 80 rex rabbits were randomly divided
into four groups: control group (B, basal diet), chlortetracycline group (C, 50 mg/kg), colistin sulfate group (S, 20 mg/
kg) and zinc bacitracin group (Z, 40 mg/kg). Caecum microbial communities of rex rabbits from the four groups were
analyzed through Illumina Miseq platform after being fed 28 days. The results showed that most obtained sequences
belongs to Firmicutes followed by Bacteroidetes, and the ratio of Bacteroidetes/Firmicutes in C group (42.31 %) was

high levels of chlortetracycline resistance.

higher than that in Z group (21.84 %). Zinc bacitracin supplementation caused a significant decreased of the Pro-
teobacteria phylum and Lactobacillus spp. (P < 0.05), while the Lactobacillus spp. significantly increased in S group
(P < 0.05). In addition, Ruminococcus spp., especially Ruminococcus albus were the predominant bacterial species
found in both S and Z groups. The proportion of Coprococcus spp. significantly increased in Z group (P < 0.05). These
findings suggested that the antibiotics used may cause significant changes in the caecum microbiota of rex rabbits,
and we also found C group had a similarity caecum bacteria structure with B group which was probably due to the
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Introduction

The rex rabbit is an important small herbivorous mam-
mal which is widely raised for the fur and meat pro-
duction. As a hindgut fermentation animal, the rabbit
caecum has a relatively large size and rich bacterial com-
munities, which are closely linked with gut health and
digestive efficiency (Zhu et al. 2015; Béuerl et al. 2014).
So, these physiological characteristics of the rabbit
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and indicate if changes were made.

intestinal microorganisms are getting more and more
attention. Caecal microorganisms play an important role
in intestinal health and host function, which are mainly
used to improve the development of the immune system,
such as improving the immune function of the intesti-
nal tract (Chung et al. 2012), increasing fat storage (Cho
et al. 2012; Liou et al. 2013), and improving the rabbit
digestion and absorption capacity with the utilize of pro-
tein, energy and other synthesize nutrient (Lepage et al.
2013; Zhang et al. 2013). Therefore, the microbial com-
munity structure of the rabbit intestinal tract is particu-
larly important, which is closely related to the health of
the host. Intestinal health of domestic rabbits is quietly
delicate and any disruption of the digestive process may
result in gastrointestinal diseases (Zhu et al. 2015), and
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the development of diseases is generally associated with
the changes in intestinal microflora. In the rabbit breed-
ing industry, antibiotic additives are also added in animal
diets to achieve the purpose of promoting the growth and
preventing the gastrointestinal disease.

Antimicrobial agents have been widely used in feed-
ing since the 1950s to improve the feed efficiency and
animal growth through the modulation of the gut
microbiota and host immune response (Feighner and
Dashkevicz 1987) as well as to reduce morbidity and
mortality due to clinical and/or subclinical disease (Nie-
wold 2007). However, due to the abuse of antibiotics, a
series of problems break out. For example, the increas-
ing resistance of bacteria poses a health risk to human.
The use of antibiotics as growth promoters (AGPs) in
animal feeds has been banned in European Union (EU)
since 2006. However, considering the ban of antibiotics
may lead to an increase of safety risks in animal source
food (Poduval et al. 2000; Jones 2000), the use of some
AGPs in animal feeds is still allowed in many coun-
tries. Antibiotics not only reduce the risk of potential
infectious diseases, but also may affect the symbiotic
bacterial population of the digestive tract and improve
the utilization of nutrition in growing rabbits (Abe-
cia et al. 2007). Dietary supplementation of antibiotics
has been demonstrated to influence gut microbiota by
enhancing metabolic capacities, improving digestion
and absorption of nutrients (Pedersen et al. 2013). Cur-
rently, people have focused on the impact of antibiot-
ics on intestinal microflora and the role of the intestinal
microbiota in animal health, production, and product
safety (Torok et al. 2011). It is necessary to guide the use
of antibiotics feeds from the perspectives of the intesti-
nal bacterial community.

In this study, we have chosen three kinds of commonly
used antibiotics in rabbit production, namely, colistin
sulfate, zinc bacitracin and chlortetracycline. We used
Ilumina Miseq platform to characterize the rex rabbits
caecum microbial communities structure shifts induced
by the three antibiotics. The experiment is designed to
evaluate the effect of antibiotics on rex rabbit intestinal
microflora and we hope to extend our knowledge about
these, as well as to provide guidance of the reasonable
use and to avoid the abuse of the three antibiotics in rex
rabbits.

Materials and methods

Experimental design

Rex rabbits of mixed sex weaning at 28th day followed
7 days of acclimation in separated cages under the same
temperature (25 £ 2 °C controlled by automatic heating
and ventilation devices) with access to customized fod-
der without antibiotics and water ad libitum. A total of
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80 rex rabbits were randomly allotted into one control
and three treatments, each group with 5 replicates of 4
rex rabbits. The dietary treatments were as follows: basal
control diet (B group); basal diet + 50 mg/kg chlortet-
racycline (C group); basal diet + 20 mg/kg colistin sul-
fate (S group); basal diet 4+ 40 mg/kg zinc bacitracin (Z
group). The basal diets were formulated according to the
NRC (Table 1). Over the entire experimental period (day
0-28), all animals were housed in a temperature- and
humidity- controlled room with a 12 h light/dark cycle
that ensured all rex rabbits lived in a consistent growth
environment and all were allowed free access to food and
water.

Feed nutrient levels according to the Chinese Feed
Ingredients and Nutritional Value Table of the Twenty-
fourth Edition in 2013 with EXCEL2007 were calculated
to the adding proportion. The mineral additive and Chi-
nese multivitamin followed the diet per kilogram to add:
Fe 40, Cu 30, Zn 20, Mn 10, Mg 20 mg, VA 900, VD 600,
VE 60 IU.

Sample collection

At the end of the experiment, one healthy rex rabbit from
each replicate was randomly selected and euthanized by
cervical dislocation, while the dissected and the caecum
were kept on ice immediately. The caecum surface was
sterilized with 70 % ethanol. A longitudinal incision was
made of a scalpel and the edges were far apart, and the
luminal contents were collected into a sterile tube. Sam-
ples were immediately transferred into liquid nitrogen

Table 1 Composition and nutrient levels of the complete
diets

Ingredients Content/% Nutrient levels Content/%

Two grad corn 15.00 ME (MJ/Kg) 10.2

Middlings 8.00 Crude Protein ~ 16.57

Wheat bran 16.00 Crude Fiber 14.82

Chaff 37 10.00 Ca 0.95

Alfalfa meal 32.50 Total P 0.68

Soybean meal 14.00 Lysine 0.86

Soycomil 1.00 Methionine 038

Calcium hydrogen phos- 1.00 Cystine 0.24
phate

Limestone 0.50

Bentonite 0.80

Nacl 040

mineral additive 0.50

Lysine 0.10

Methionine 0.15

Chinese multivitamin 0.05

Total 100
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for temporary storage and stored at —80 °C until further
study.

DNA extraction

Total DNA was extracted from the caecum con-
tent of randomly selected rex rabbits (n = 5, each
group) by using E.Z.N.A."™ stool DNA kit (Omega
Bio-Tek, Doraville, USA) according to the manufac-
turer’s instructions. For a better analysis of Gram-pos-
itive bacteria DNA, the second incubation at 95 °C for
10 min was performed following the initial incubation
at 70 °C for 13 min in the protocol. The isolated DNA
was eluted in 100 pL of elution buffer, and the concen-
tration was determined by a Nano Drop spectropho-
tometer (Nano Drop Technologies, Wilmington, DE,
USA). Finally, DNA was stored at —80 °C before the
further analysis.

PCR amplification and high-throughput sequencing

The V4 region of the 16S rDNA gene was ampli-
fied with the primers 515F/806R (515F:5-XXXXXXG
TGCCAGCMGCCGCGGTAA-3;806R:5-XXXXXXG
GACTACHVGGGTWTCTAAT-3') by using MyCy-
cler™ Thermal Cycler (Bio-Rad Laboratories, USA), and
the 5’ terminus of each primer contained a 6-bp error-
correcting barcode sequence to tag specific samples
(Zeng et al. 2015). The PCR was conducted in triplicate
for each sample of the reaction mixture (30 pL) contain-
ing 15 uL of Phusion® High-Fidelity PCR Master Mix
(New England Biolabs (Beijing) LTD., China), 1.5 pL of
each primers (BGI Tech Solutions Co., Ltd. (BGI-Tech),
China) (2 uM), 10 pL of template DNA (1 ng/pL) and
2 pL of sterile deionized water. PCR conditions were
as follows: initial denaturing step at 98 °C for 1 min (1
cycle), followed by 35 cycles of 98 °C for 10 s, 50 °C for
60 s, 72 °C for 30 s, and a final extension of 10 min at
72 °C. Subsequently, PCR products of each sample were
detected by using a 1.0 % agarose gel (Thompson et al.
2002) and purified by using a GeneJET Gel Extraction
Kit (Thermo Scientific, USA). Sequencing was per-
formed at the Novogene Bioinformatics Technology
Co., Ltd with an Illumina MiSeq platform according to
protocols described by previous studies (Caporaso et al.
2012).

Following the manufacturer’s recommendations, a
sequencing library was generated by using NEB Next®
Ultra™ DNA Library Prep Kit for Illumina (New Eng-
land Biolabs (Beijing) LTD., China) and index codes were
added. The library quality was assessed on the Qubit@
2.0 Fluorometer (Thermo Scientific, USA) and Agilent
Bioanalyzer 2100 system. The last step, the library was
sequenced on an Illumina Miseq platform.
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Bioinformatics analyses

The sequences were analyzed with the QIIME (Caporaso
et al. 2010) software package along with custom Perl
scripts to analyze alpha- (within samples) and beta-
(among samples) diversity. Raw reads were filtered by
QIIME quality filters (removal of chimeric, contami-
nation and low quality sequences in the raw reads) in
order to obtain the pure sequencing data. Operational
taxonomic units (OTUs) were picked by using de novo
OTUs picking protocol with a 97 % identity threshold,
then a representative sequence was picked for each OTU
and using the RDP (http://rdp.cme.msu.edu) classifier
(Wang et al. 2007) to annotate taxonomic information
for each representative sequence. Alpha diversity calcu-
lation includes four metrics (http://www.mothur.org/
wiki/): Chaol, Observed species, Shannon and Simp-
son indices. Rarefaction curves were generated based on
these four metrics. QIIME calculated both weighted and
unweighted unifrac, which was phylogenetic measures of
beta diversity. Beta diversity included both unweighted
and weighted unifrac distances, and these distances
were visualized by principal coordinate analysis (PCoA)
(Lozupone and Knight 2005). We compared overall sam-
ples between inter-group and intra-groups composition
that used pairwise multiresponse permutation procedure
(MRPP). MRPP is a nonparametric procedure to test the
hypothesis of no difference between two or more groups
of entities and can analyze comparisons between all
groups. The MRPP calculate the average intra-group dis-
tance between samples and compares it with the average
inter-group distances, providing a measure of dissimilar-
ity by means of a “delta score” (Abella et al. 2003). The
raw read sequences have been deposited at the National
Center for Biotechnology Information (NCBI) Sequence
Read Archive (http://www.ncbi.nlm.nih.gov/sra) with
study accession number SRP068345.

Statistical analysis

One-way analysis of variance (ANOVA) was used to
analyze differences in caecum microflora of rex rabbits
between the control group and antibiotics groups by
SPSS 19.0 software (SPSS Inc., Chicago, Illinois, USA).
Significant was reported at P < 0.05.

Results

lllumina MiSeq derived metadata

Overall, 20 samples of contents were used to assess the
effects of dietary antibiotic supplementation (chlo-
rtetracycline or colistin sulfate or zinc bacitracin) on
caecum microflora of rex rabbits. We performed a high-
throughput sequencing on the Illumina MiSeq platform
and results revealed a total of 962,256 reads, which had
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passed all quality filters under 97 % identity conditions
to obtained a total of 2562 species classification OTUs.
On average, there were 128 OTUs for each sample (Addi-
tional file 1: Table S1). The rarefaction curves (OTUs at
the 97 % identity) were shown on Fig. 1.

Observed species and Chaol reflect the richness of
species within a single sample, while Shannon and Simp-
son indexes represent microbial diversity. As shown in
Table 2, Observed species, Chaol, Shannon and Simp-
son indexes in the three antibiotic groups were higher
than that in control group, whereas there was no statis-
tical difference in alpha diversity among the four groups
(P > 0.05). Bacterial communities were clustered by using
PCoA of unweighted unifrac distance matrices (Fig. 2). It
was surprising that rex rabbits fed with C and B groups
had higher similarities bacterial members than S and
B, and Z and B through clustering closely on the two-
dimensional PCoA plot. Meanwhile, these were consist-
ent with the results of MRPP analysis (Table 3).

The A values greater than O indicated that the differ-
ence in intra-group is greater than that in inter-group, but
less than O represented that the difference in inter-group
is greater than that in intra-group. Observe-delta value is
smaller which indicates that the difference is small within
groups, and the Expect-delta value is greater which indicates
that the difference is great between groups. The significance
value below 0.05 indicate that the difference is significant.

Differences in bacterial communities between antibiotics
and control groups

A venn diagram displayed that a total of 632 OTUs were
identified as constituting core bacterial OTUs in the four
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Fig. 1 Rarefaction curves represent the OTUs of per sample bacterial
diversity in the caecum of rex rabbits

Table 2 Richness and diversity estimation for caecum bac-
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terial populations based on alpha diversity analysis

Samples Observed Chao1 Shannon Simpson
name species
B1 625 848.350 6.746 0972
B2 414 495.759 5.525 0.936
B3 551 677378 6.356 0.954
B4 604 783.033 7.080 0.978
B5 589 762.532 6.245 0934
@ 634 821.736 7487 0.988
(@] 528 698.200 5.950 0.939
a3 656 877.796 7277 0.980
c4 895 1303.983 6.693 0.952
5 635 838.029 7.162 0.980
S1 494 630.988 6.432 0.963
S2 536 681.283 7.023 0.980
S3 639 841.736 6.753 0.957
S4 821 1183.601 7.345 0.982
S5 542 634.221 7.288 0.987
Z1 582 691.698 7.399 0.987
72 814 1221.500 7.515 0.983
Z3 507 625.168 6.122 0.947
74 535 640.061 6.906 0.978
Z5 568 676.083 7.068 0978
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Fig. 2 The PCoA analysis of the rex rabbits caecum contents. The
horizontal coordinate represents one principal component and the
longitudinal coordinates represents another principal component.
The percentage represents contribution of principal component to
the difference of samples. Each symbol represents each gut micro-
biota. Black represents of the B group, red represents of the C group,
green represents of the S group, blue represents of the Z group

groups (Fig. 3). The number of unique OTUs in each
group was 47 (B), 473 (C), 150 (S) and 87 (Z), respec-
tively. The OTUs shared in antibiotic groups and control
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Table 3 MRPP analysis microbial community structure
among groups

Group A Observed- Expected- Significance
delta delta
B-C 001415 0.5675 0.5757 0347
B-S 0.06663 0.5807 0.6221 0.008*
B-Z 0.03992 0.5153 0.5367 0.007*
(@) 0.06086 0.589 0.6272 0.012%
C-Z 0.03771 0.5236 0.5441 0.107
S-7 0.04845 0.5368 0.5641 0.017%
* Mean the significantly different between groups (P < 0.05)
S Z.
B ¢
47 473

Fig. 3 Venn diagram summarizing the numbers of common and
unigue OTUs (3 % distance level) among the four groups. Each circle
represents a set of samples, the group between the circle and circle
overlapping part digital represents of the common OTUs and there
is no overlapping part represents unique OTUs in each group. Blue
represents the B group; green represents the C group; rose represents
the S group; purple represents the Z group

group were 795 (B&C), 761(B&S), 742 (B&Z). These
results together with PCoA analysis suggested that rex
rabbits from B and C groups may have similar bacterial
communities in their caecum.

At the phylum level, a total of 26 bacteria forming by
representatives of 5 phyla were identified (Additional
file 1: Table S2), including Firmicutes, Bacteroidetes,
Verrucomicrobia, Proteobacteria and Tenericutes.
The majority of obtained sequences belonged to Fir-
micutes, which followed by Bacteroidetes (Fig. 4), and
these two phyla constituted roughly 83 % of the caecum
microbiota. In comparison with the B group, dietary
supplementation with colistin sulfate and zinc bacitra-
cin increased Firmicutes but decreased Bacteroidetes,
while a decreased of Firmicutes and an increment of
Bacteroidetes were observed in chlortetracycline sup-
plemented of rex rabbits diets (Firmicutes B: 64.31 %, C:
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58.21 %, S: 66.05 %, Z: 69.61 %. Bacteroidetes B: 20.44 %,
C: 24.63 %, S: 17.47 %, Z: 15.20 %). The ratio of Bacte-
roidetes/Firmicutes in B, C, S and Z groups was 31.78,
42.31, 26.45 and 21.84 %, respectively. In comparison to
the B group, dietary supplementation with chlortetra-
cycline increased Bacteroidetes/Firmicutes ratio, while
were a decreased in S and Z groups. When compared
with the B group, a significant decreased of Proteobac-
teria and Deltaproteobacteria were observed in Z group
(P < 0.05). Moreover, the proportion of Deltaproteobac-
teria in S group was significantly lower than that in B
group (P < 0.05).

At class level, the relative abundance of dominant
microbial species found in the four groups was shown
in Fig. 5. Clostridia class was predominant in the four
groups (B: 62.87 %, C: 56.20 %, S: 62.52 %, Z: 67.77 %).
There was a significant difference in the proportion of
clostridia between Z and C groups (P < 0.05). Bacteroidia
class had a high proportion in C group, but the propor-
tion was low in Z group compared with the B group. The
proportion of Bacilli class in Z group was significantly
lower than that in C and B groups (P < 0.05), and it signif-
icantly increased in S group compared with the B group
(P < 0.05), probably due to Lactobacillus spp. While
Lactobacillus spp. significantly decreased in Z group, it
significantly increased in S group (Lactobacillus spp. B:
0.28 %, C: 0.37 %, S: 1.67 %, Z: 0.08 %) (P < 0.05).

We had analyzed the lower taxonomical genus lev-
els showing that the predominant of Ruminococcus spp.
(Figure 6) (B: 5.02 %, C: 5.30 %, S: 5.63 %, Z: 6.04 %) and
the addition of antibiotics increased Ruminococcus spp.
richness, especially in the Z group. Ruminococcus albus
in S and Z groups were significantly higher than that
in B group (P < 0.05) (B: 0.13 %, C: 0.32 %, S: 1.32 %, Z:
0.39 %). Oscillospira spp. played a promoting role in
intestinal fermentation and it increased in S and Z groups
(B: 3.75 %, C: 3.84 %, S: 4.63 %, Z: 4.44 %). Akkerman-
sia spp. had a high proportion of the rex rabbit caecum
and previous studies were proposed to be a contributor
to the maintenance of intestinal health that Akkerman-
sia muciniphila in S group had a higher proportion (B:
0.071 %, C: 0.068 %, S: 1.16 %, Z: 0.066 %). This study
showed that S and Z groups significantly decreased
Desulfovibrio spp. (P < 0.05). Coprococcus proportions
(B: 0.43 %, C: 0.77 %, S: 0.74 %, Z: 1.21 %) significantly
increased (P < 0.05) and Faecalibacterium had an upward
trend due to the addition of zinc bacitracin in diets (B:
0.39 %, C: 0.44 %, S: 0.65 %, Z: 0.92 %). The proportions of
Streptococcus spp. and Escherichia spp. slightly decreased
by adding zinc bacitracin, but they slightly increased in
the S group. Adding chlortetracycline in diets led to the
decreasing proportion of Escherichia spp. but Streptococ-
cus spp. almost no change.
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Discussion

The rex rabbits gastrointestinal (GI) tract is colonized
by a dense microflora community that is intimately con-
nected to the overall heath and the development of its
animal host. In livestock, there is a considerable interest
in understanding how this community contributes to the
efficient feed conversion into animal growth (Neumann
and Suen 2015). Improvements in feed conversion asso-
ciated with dietary supplementation with antibiotics are
thought to involve GI tract microbial communities, but
this connection remains poorly understood (Dibner and
Richards 2005). Here, we sought to elucidate the effects
of chlortetracycline, colistin sulfate and zinc bacitracin
on the rex rabbits caecum bacterial communities using
high-throughput sequencing on the Illumina MiSeq
platform.

Subtherapeutic of antibiotics used as additives in live-
stock diets may shape a more complex intestinal micro-
organism and even accelerate the maturation of gut
microflora structure. Our study found alpha diversity
indices that the reflected antibiotics can improve the
richness and diversity of rex rabbits caecum microorgan-
ism. While this was contradicted with the general view
about antibiotics causing a reduction in bacterial diver-
sity (Dubourg et al. 2014), Peng and Zeng et al. (2016)
had found that antibiotics could increase the giant pan-
das faeces bacterial communities using PCR-denaturing
gradient gel electrophoresis (DGGE) technology analy-
sis, which were consistent with our results. Furthermore,
our experiments in represented C group had got a higher
Observed species and Chaol, which were suggested that
chlortetracycline than colistin sulfate and zinc bacitracin
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expresses the relative abundance. Each bar represents the average
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The top 10 abundant taxa were shown

was more likely to increased rex rabbits caecum flora
abundance. The results of beta diversity analysis indi-
cated that B and C groups had a similarity caecum bac-
teria structure. Furthermore, they were different from B
and S, and B and Z groups samples, suggested that the
effect of colistin sulfate and zinc bacitracin on rex rabbits
caecum microflora were greater than chlortetracycline,
which was probably due to the high levels of chlortetra-
cycline resistance.

The phylum Proteobacteria is unstable over time
among the four main phyla (Firmicutes, Bacteroidetes,
Proteobacteria, and Actinobacteria) in the gut micro-
biota and is likely to influenced by environment, such
as diets (Faith et al. 2013). Proteobacteria include many
pathogenic bacteria, for instance, diarrhea caused by
Escherichia coli, Salmonella and Vibrio cholera etc. Pre-
vious studies endorse the concept that a bloom of Pro-
teobacteria in the gut reflects dysbiosis or an unstable gut
microbial community structure or a potential diagnostic
criterion for disease (Shin et al. 2015). The decreased
of Proteobacteria number may induced the amount of
pathogenic bacteria in the body and the host morbidity
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to reduce (Faith et al. 2013), which was good for the ani-
mals’ health. Moreover, our studies showed that zinc
bacitracin significantly reduced rex rabbits caecum Pro-
teobacteria. It can be seen that zinc bacitracin may play
a good role in the disease prevention and be superior to
chlortetracycline and colistin sulfate.

Previous studies reported that Firmicutes and Bacte-
roidetes are dominant phyla in mammals (e.g. rabbit) and
human (Zeng et al. 2015; Panda et al. 2014; Nam et al.
2011; Gu et al. 2013; Qin et al. 2010). We also had a simi-
lar result which was found in the rex rabbits. Changes
within the Bacteroidetes/Firmicutes ratio have become
the focus of microbiome-associated obesity research
(Ismail et al. 2010), and the increased of the ratio may
contribute to the decreasing body weight (Jami et al.
2014). Furthermore, the gut microbiota of obese indi-
viduals are rich in Firmicutes and scarce in Bacteroidetes
compared with lean individuals (Ley et al. 2006). It was
reported that the increase on the number of the Bacte-
roidia was negatively correlated with energy intake and
obesity (Furet et al. 2010). In this experiment, we com-
pared the control group discovered that the Bacteroidia
amounts and Bacteroidetes/Firmicutes ratio slightly
increased in the chlortetracycline group rex rabbits, and
chlortetracycline was probably associated with rex rab-
bits body weight loss.

Lactobacillus spp. are Gram-positive facultative anaer-
obic bacteria that grow better in richly nutritious envi-
ronment. They are important probiotics that play an
important role in the intestinal inflammation and the
regulation of immune function, and they are widely used
in animal production to prevent disease and improve
digestion rate. Rodriguez and Nadra reported (Rodriguez
and Nadra 1995), Lactobacillus spp. can cause low pH
environments through the secretion of organic acid in
the animal body, and can also secrete hydrogen peroxide,
bacteriocins, butanedione to prevent and inhibit harm-
ful bacterial invasion and colonization. Meanwhile they
have a certain role in maintaining intestinal flora balance.
Colistin sulfate has a strong inhibitory effect on Gram-
negative bacteria (Velkov et al. 2010) and zinc bacitracin
has a strong inhibitory effect on Gram-positive bacteria
(Injac et al. 2008), which may be one of the reasons that
colistin sulfate significantly increased and zinc bacitracin
significantly decreased Lactobacillus spp. Lactobacillus
spp. significantly increased in C group samples suggested
that the antibiotic may promote rex rabbits towards a
healthier growth, and it also showed that colistin sulfate
may inhibit pathogenic bacteria invasion and coloniza-
tion plays a certain role. A previous study showed that
antibiotic treatment dramatically reduced the abundance
of Lactobacillus spp. in the obese (ob/ob) mice (Cani
et al. 2008), so zinc bacitracin was probably positively
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correlated with the growth of rex rabbit’s body weight.
However, relevant information in this area is very limited
and further study is still needed to determine the antibi-
otics through regulating intestinal microflora to improve
rabbit weight.

Ruminococcus spp. and Oscillospira spp. have been
detected in the rumen of several herbivores such as cat-
tle, sheep and reindeer (Mackie et al. 2003). The mem-
bers of the two genera are involved in the degradation of

cellulose, the intestinal fermentation and the promotion
of host growth (Gulino et al. 2013; Tims et al. 2013), and
Oscillospira spp. have been demonstrated to be asso-
ciated with fermentation caecum of rex rabbits (Zeng
et al. 2015). In our experiment, the addition of antibi-
otics increased the proportions of Ruminococcus spp.
and Oscillospira spp. Especially, colistin sulfate and zinc
bacitracin significantly increased R. albus. According
to the results we assumed that colistin sulfate and zinc
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bacitracin were more likely to accelerate the caecum fer-
mentation, improve feed conversion and promote energy
absorption of rex rabbits than chlortetracycline. We
speculated that this change may improve the growth of
rex rabbits.

Faecalibacterium prausnitzii and Akkermansia are
associated with inflammatory immune regulation and
the gut barrier (Kim et al. 2013; Furet et al. 2010; Louis
and Flint 2007; Everard et al. 2013; Hippe et al. 2014).
Faecalibacterium prausnitzii is one of the most abundant
symbiotic anaerobic bacteria in GI tract and it is named
after one of the main butyrate producers (Louis and
Flint 2007). Butyrate may affect inflammatory process
through the regulation of inflammatory genes (Andoh
et al. 1999; Place et al. 2005). Akkermansia muciniphila
is a Gram-negative mucin-degrading bacterium (Derrien
et al. 2008). Akkermansia are known to feed on mucus
and may indicate inflammatory processes (Everard et al.
2013). Furthermore, it has a positive correlation between
A. muciniphila and health, and induced A. muciniphila
expansion leds to metabolism improvement (Dao et al.
2016). Our study showed that E Prausnitzii (B: 0.072 %,
C: 0.058 %, S: 0.174 %, Z: 0.171 %) and A. Muciniphila
(B: 0.071 %, C: 0.068 %, S: 1.16 %, Z: 0.066 %) increased
through the addition of colistin sulfate in diets. E Praus-
nitzii also increased in the zinc bacitracin group. So, it
implied that colistin sulfate and zinc bacitracin probably
can modulate intestinal inflammation on rex rabbits,
which is still needed in our further research.

Previous work reported that the major butyrate pro-
ducers coprococcus spp. (Jost et al. 2014) show low in
mice exposed to social disruption stress and correlated
to stressor-induced increases in circulating proinflamma-
tory cytokines (Bailey et al. 2011). Furthermore, coproc-
occus spp. was overrepresented in infants living with pets
and was thought of as a potential bacterium supporting
the hygiene hypothesis of preventing allergic diseases
(Azad et al. 2013). Our results showed that coprococcus
spp. significantly increased the via addition of zinc baci-
tracin in diets, suggested that zinc bacitracin can prob-
ably provide protection to intestinal tract. Considering
those shifts in certain bacterial populations could be
plausibly beneficial to healthy individuals, particularly if
these bacterial populations are those affected by disease
states (Ferrario et al. 2014). The above references suggest
that the modulation of the coprococcus spp. by zinc baci-
tracin in the direction of potential protective microbiota
can reduce the damage of stress and provide health pro-
tection on rex rabbits.

Antibiotic addition in the feed of animals can promote
growth through the increased feed intake and weight
gain (Cromwell 2002; Rettedal et al. 2009), which may be
due to the microbiota alteration of the intestine (Rettedal
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et al. 2009). Furthermore, antibiotic improving animals
health (e.g. prevent inflammation) through the modu-
lated immune system is considered as a consequence of
their impact on gut microbes (Willing et al. 2011; Ubeda
and Pamer 2012; Briissow 2015). Indeed, our study has
the similar conclusions that antibiotics may promote the
animal growth and the modulate inflammation.

In conclusion, our results demonstrated that chlortet-
racycline, colistin sulfate and zinc bacitracin supplemen-
tation have the tendency to improve the richness and
diversity of rex rabbits caecum microorganism. Compar-
ing three antibiotics, colistin sulfate and zinc bacitracin
plays a better role than chlortetracycline in the promo-
tion of animal growth and the prevention of disease. This
information could guide the reasonable use and avoid
the abuse of these three kinds of antibiotics of rex rabbits
and serve for future studies on the design of antibiotics
substitute or new nutritional strategies to promote rex
rabbits growth and health. There lies a great controversy
about the use of antibiotics in animal agriculture. There-
for, we need to pay more attention to the collateral effects
of antibiotics. Moreover, it is necessary to further study
the mechanism of antibiotics action on animals.
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