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Simple Summary: There are limitations for using chemical products in meat production. The use
of prebiotics to control Eimeria infections in rabbits may be of value. Prebiotics as a prophylaxis
resulted in diminishing adverse effects caused by Eimeria spp. through decreasing fecal oocyst counts,
retaining body weight, and reducing the number of parasitic stages in the intestinal tissues when
compared with the non-supplemented controls.

Abstract: This study was conducted to investigate the effect of prebiotic supplementation against
intestinal coccidiosis in rabbits. Fifty male rabbits aged 35–60 days (1–1.5 kg) were divided
into prophylactic and therapeutic experiments (five groups, 10 rabbits per group). Prophylactic
experiment had prebiotic supplemented (PS-P), non-supplemented infected control (NI-P), and
non-supplemented non-infected control (NN-P) groups. Ten days post-prebiotic supplementation
(PPS), rabbits in groups PS-P and NI-P were infected orally with 5.0 × 104 sporulated oocysts of
mixed Eimeria species. However, therapeutic experiment had prebiotic supplemented (PS-T) and
untreated infected (UI-T) groups of naturally infected rabbits with Eimeria species. A significant
reduction in oocyst count per gram feces (OPG) (p ≤ 0.05) was reported in the PS-P (57.33 × 103

±

2.84) and NI-P (130.83 × 103
± 43.38) groups during the experiment. Additionally, rabbits in groups

(PS-P, 970.33 ± 31.79 g and NI-P, 870.66 ± 6.66 g) showed weight loss after infection. However, a
significant (p ≤ 0.05) decrease in OPG was observed at day seven PPS in the PS-T group (4 × 103

± 0.00) when compared with the UI-T group (32 × 103
± 7.54). Furthermore, the PS-T group had a

higher body weight than rabbits in the UI-T group. Histopathological findings of the intestinal tissues
(duodenum, jejunum, and ileum) showed that the counts of the endogenous stages were significantly
higher in the NI-P and UI-T groups than in the prebiotic-supplemented groups (PS-P and PS-T).
Supplementation of the prebiotic did not have any adverse effects on biochemical parameters, such as
AST, ALT, creatinine, total protein, and total cholesterol. In conclusion, prebiotic supplementation
can be used to minimize the adverse effects of intestinal coccidiosis in rabbits, which in turn limits
body weight loss, especially for the prophylaxis of coccidial infection.
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1. Introduction

Coccidiosis is a parasitic disease that causes severe economic losses in rabbit production [1,2].
Rabbit coccidiosis is caused by thirteen species of the genus Eimeria [3]. There are two types of rabbit
coccidiosis intestinal (Eimeria perforans, E. magna, E. media, and E. irresidua) and hepatic (E. steidae) [4–7].
Intestinal coccidiosis in rabbits is associated with diarrhea, dehydration, inappetence, and weight
loss [3,8]. Rabbits between the ages of one and three months are most susceptible to coccidiosis,
especially after weaning [9,10]. Mother rabbits are generally more susceptible to infection during the
perinatal period and before weaning [10,11]. Several control strategies have been applied to treat
and prevent coccidiosis. However, anticoccidial drugs remain the most common agents that have
been utilized in the control of rabbit coccidiosis. Anticoccidial drugs have been used as feed or water
supplements to control coccidiosis; however, the increase in resistance to many of these products
and chemical residues in meat products has raised concerns about the need for new alternatives
for the control of coccidial infections [3]. New alternatives are emerging, including anticoccidials
obtained from plants, fungi, or microorganisms. Alternative anticoccidials have the potential to inhibit
the growth of pathogenic micro-organisms, improve the immune system, and increase the animal
productivity [3,8]. Prebiotics are nondigestible food components that promote the growth of beneficial
bacteria in the digestive system and host defense against infections [12–15]. Bio-Mos®, which has been
used in the animal husbandry industry, shows suppressing effect on enteric pathogens. Bio-Mos®

plays an important role in modulating the immune response of chickens and turkeys [16,17], and
enhances the growth and productivity of pigs [18]. Moreover, dietary supplementation of prebiotic and
probiotic decreased the mortality and improved the adverse clinical signs in rabbits experimentally
infected with Pasterella multocida [19]. Therefore, this study aimed to evaluate the prophylactic and
therapeutic use of prebiotics against intestinal coccidiosis in rabbits.

2. Materials and Methods

This work was conducted according to the ethical standards of Faculty of Veterinary Medicine,
Beni-Suef University, Egypt and approved by the Institutional Animal care and Use Committee of
Beni-Suef University (2019-BSUV-39).

2.1. Experimental Rabbits

Fifty weaned male rabbits (V-Line breed) aged 35–60 days and weighed 1–1.5 kg, were used
in this study. Rabbits were separated from their mothers, and each rabbit was placed in a separate
wire mesh cage. Rabbits were weaned in a separate cage away from mothers in a pen. The pen was
pyramidal in shape and double sided, with two levels. The lower one was one m above the pen floor.
Each level had 10 wire cages, each with dimensions of 50 cm × 50 cm × 30 cm. Each cage contained a
foot bad to protect their feet. Rabbits fed on commercial rabbit pelleted diet (free from anticoccidial
drugs) via feeding hoppers of galvanized steel. Water was provided by pottery drinkers. The feed and
water were ad libitum. Rabbits were maintained at a constant 22 ◦C on a 12-h light-dark cycle in cages.
Rabbits were individually housed in cages to collect feces. Each rabbit was numbered by ear and cage
tags. All rabbits were weighed, and fecal samples were collected and examined by fecal floatation
test [20–22] to confirm the absence of Eimeria infection upon arrival.

2.2. Prebiotic Product

Prebiotic product (Bio-Mos®), which was used in this study, was manufactured by ALLTECH,
INC.CO., Nicholasville, KY, USA. Each 1 kg was composed of Saccharomyces cerevisiae cell wall (800 g),
Mannan oligosaccharides (56 g), and dried Saccharomyces cerevisiae fermentation solubles (200 g).
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2.3. Preparation of Eimeria Species Oocysts

Eimeria spp. oocysts were obtained from the fecal samples of naturally infected rabbits. Samples
were processed using a modified McMaster technique MAFF, 1986. Oocysts were transferred into 2.5%
potassium dichromate solution at 27 ◦C with 60%–80% humidity for seven days [23–25]. Sporulated
oocysts were centrifugally washed using distilled water and microscopically identified according to [3].

2.4. Experimental Design of Prebiotic Efficacy Against Coccidiosis

2.4.1. Prophylactic Experiment

A total of 30 rabbits were randomly allocated into three groups (10 rabbits each), including
prebiotic supplemented (PS-P), non-supplemented infected control (NI-P), and non-supplemented
non-infected control (NN-P) groups. Rabbits in the PS-P group were supplemented with prebiotic 2 g/L
drinking water. NI-P and NN-P groups were served as positive and negative controls, respectively.
Ten days post-prebiotic supplementation (PPS), rabbits in PS-P and NI -P groups were inoculated
orally using a syringe with 5.0 × 104 sporulated oocysts of mixed Eimeria species, including E. media
(28%), E. perforans (17.14%), E. intestinalis (17.14%), E. magna (14.28%), E. coecicola (8.57%), E. exigua
(7.14%), and E. flavescens (7.14%) for each rabbit. The prebiotic supplementation was continued until
the end of the experiment. Fecal samples were examined daily until day 10 post-infection [2]. At day
10 post-infection, three rabbits from each group were slaughtered. Sera and intestinal tissue samples
were collected for biochemical and histopathological analyses, respectively.

2.4.2. Therapeutic Trial

Natural infection of intestinal coccidiosis in a rabbit farm was observed at day 48 of age. The clinical
signs of coccidiosis were diarrhea, inappetence, bloating, and dehydration. The infection intensity
was diagnosed using fecal oocyst counts. Rabbits with oocyst counts of ≤20,000 per gram feces had a
confirmed rabbit coccidiosis [8]. Naturally infected rabbits (n = 20), which had nearly the same degree
of infection depending on oocyst counts and body weight, were selected and divided into two groups
of 10 rabbits each, including prebiotic supplemented (PS-T) and untreated infected (UI-T) groups.
Rabbits in the PS-T group were treated by a prebiotic supplement at a dose of 2 g/L daily in drinking
water for one week while the UI-T group did not receive any treatment. Fecal oocyst examination was
assessed for up to one week PPS. Three representative rabbits from each group were slaughtered for
histopathology examinations at day seven PPS.

2.5. Evaluation Parameters in both Experiments

2.5.1. Clinical Signs of Eimeria Infection in Rabbits

Clinical signs of rabbit coccidiosis were assessed according to a previously published method [3].

2.5.2. Necropsy Examination

Three rabbits from each group were chosen randomly at the end of each experiment for macroscopic
(gross) examination of the duodenum, jejunum, and ileum.

2.5.3. Oocyst Counts Per Gram Feces (OPG)

Fecal samples were collected daily from each group, and OPG was assessed by McMaster technique.

2.5.4. Growth Rate

Body weight of rabbits was recorded at day zero and 10 post-infection. The body weight and
weight gain in each group was determined by subtracting the body weight of the rabbits at the time of
prebiotic supplementation or infection, from the body weight at the end of the experiment [26].
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2.5.5. Histopathological Examination

Specimens from different parts of duodenum, jejunum, ileum, and colon were fixed in 10%
buffered formalin for histopathology. The fixed tissues were washed in running tap water over-night,
dehydrated and infiltrated by paraffin wax. Serial paraffin sections (5 µm thickness) were obtained,
and the sections were deparaffinized in three, consecutive washings in xylol for 5 min, and rehydrated
with five, successive washings with alcohol in descending order of 100%, 95%, 80%, 70%, and 50% in
deionized water. The histological sections were then subjected to conventional Hematoxylin and Eosin
(H and E) staining procedure [27].

2.5.6. Biochemical Parameters

Five mL of blood was collected in sterilized tubes during slaughtering of rabbits (prophylactic
experiment) from the jugular vein of each rabbit. Tubes were centrifuged at 2500× g for 10 min,
and sera were separated for biochemical analysis using an automatic clinical chemistry analyser [28].
Serum samples were analyzed for total proteins (TP), total cholesterol (TC), alanine amino transferase
(ALT), alkaline phosphatase (ALP), aspartate amino transferase (AST), and creatinine.

2.6. Statistical Analysis

Data were coded and entered using the statistical package for Social Sciences SPSS version 22.
Data were analyzed using ANOVA tests and subsequent Duncan’s multiple range tests as well as the
application of independent sample t-tests to determine the differences between means. Results were
expressed as means ± SE. Probability values of less than 0.05 (p ≤ 0.05) were considered significant.

3. Results

3.1. Prebiotic Efficacy as a Prophylaxis against Eimeria Species in Experimentally Infected Rabbits

3.1.1. Clinical Signs of Coccidiosis in Rabbits

The clinical signs were less severe in the rabbits of the PS-P group than in the NI-P group. Rabbits
in the PS-P group suffered from profound diarrhea (watery consistency of feces) with a decrease in feed
intake, while rabbits in the NI-P group showed diarrhea with mucus, inappetence, bloating, rough
hair, and dullness. The NN-P group had no clinical signs of disease.

3.1.2. Post-Mortem Lesions

There were severe congestion, bloating, and mucoid contents, tinged with blood in different parts
of intestinal tract in NI-P rabbits, while mild to moderate congestion with loose intestinal contents
without bloating was marked in the prebiotic supplemented rabbits (PS-P). No signs of coccidial
infection were recorded in NN-P rabbits.

3.1.3. Oocysts Per Gram of Feces

Oocyst excretion in the feces began at day five post-infection in both groups PS-P and NI-P. OPG
was lower in the PS-P group (97.33 × 103 ± 19.63) than in the NI-P group (269 × 103 ± 50.78) (Table 1).
This significant decrease in oocyst count in the PS-P group continued until end of the experiment
(at day 10 post-infection) (Figure 1).
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Table 1. Effect of prebiotic supplementation on oocyst count per gram (OPG) in experimentally
infected rabbits.

Group 5 DPI 7 DPI 9 DPI 10 DPI

NN-P * 0.00 ± 0.00 c 0.00 ± 0.00 c 0.00 ± 0.00 c 0.00 ± 0.00 c

NI-P ** 269 × 103
± 50.78 a 175.83 × 103

± 38.68 a 157.33 × 103
± 43.91 a 130.83 × 103

± 43.38 a

PS-P *** 97.33 × 103
± 19.63 b 83.66 × 103

± 15.47 b 77.83 × 103
± 15.39 b 57.33 × 103

± 2.84 b

Data presented as means and standard error of the mean (Mean± SE). a–c means within the same column with different
superscripts are significantly different at (p ≤ 0.05). DPI stands for days post-infection. * NN-P = non-supplemented
non-infected control. ** NI-P = non-supplemented infected control. *** PS-P = prebiotic supplemented.
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Figure 1. Oocyst counts at day 10 post-infection in the prophylactic experiment (PS-P, NI-P, and
NN-P). PS-P = prebiotic supplemented, NI-P = non-supplemented infected control, and NN-P =

non-supplemented non-infected control.

3.1.4. Body Weight of Rabbits

The PS-P group showed a significant (p ≤ 0.05) increase in the body weight (980.33 ± 2.88 g) as
compared to the NI-P group (900.66 ± 4.66 g) before infection (Table 2). While in post-infection, both
groups showed weight loss due to infection but the loss was somewhat limited in the PS-P group until
day 10 of infection (Table 2). Similarly, the NN-P group had a higher body weight than rabbits in the
PS-P and NI-P groups at day 10 post-infection.

Table 2. Body weight (g) in the prophylactic experiment during infection in different groups of rabbits.

Group Day 0 (Prebiotic
Supplementation) 10 DPPS 10 DPI WEIGHT Gain at

End of Experiment

NN-P * 820.00 ± 64.29 a 1000.33 ± 3.33 a 1080.33 ± 3.33 a 80.00 ± 0.00 a

NI-P ** 810.00 ± 37.85 a 900.66 ± 4.66 b 870.66 ± 6.66 c
−30.00 ± 8.81 b

PS-P *** 846.66 ± 63.85 a 980.33 ± 2.88 a 970.33 ± 31.79 b
−10.00 ± 3.33 b

Data are presented as means and standard error of the mean (Mean ± SE). a,b,c means within the same column with
different superscripts are significantly different at (p ≤ 0.05). DPPS stands for days post-prebiotic supplementation.
* NN-P = non-supplemented non-infected control. ** NI-P = non-supplemented infected control. *** PS-P =
prebiotic supplemented.
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3.2. Treatment of Coccidiosis in Naturally Infected Rabbits with Prebiotic Supplementation

3.2.1. Oocyst Counts

There was a significant (p ≤ 0.05) decrease in oocyst count (4 × 103
± 0.00) in rabbits supplemented

with the prebiotic product (PS-T) at day seven PPS in comparison to that drenched water without the
prebiotic product (UI-T) (32 × 103

± 7.54) (Table 3).

Table 3. Oocysts count per gram of feces (OPG) during prebiotic treatment in naturally Eimeria-infected
rabbits.

Group 0 DPPT 2 DPPT * 3 DPPT 4 DPPT 5 DPPT 7 DPPT

PS-T ** 146.33 × 103
± 29.42 97 × 103

± 23.43 67 × 103
± 16.37 30.66 × 103

± 12.44 31.66 × 103
± 21.85 4 × 103

± 0.00 b

UI-T *** 146 × 103
± 30.51 90.66 × 103

± 12.57 70 × 103
± 18.33 47.33 × 103

± 14.11 39.33 × 103
± 12.34 32 × 103

± 7.54 a

Data are presented as means and standard error of the mean (Mean ± SE). a,b means within the same column with
different superscripts are significantly different at (p ≤ 0.05). * DPPT stands for days post- prebiotic treatment.
** PS-T = prebiotic treated. *** UI-T = untreated infected.

3.2.2. Body Weight of Rabbits Supplemented with a Prebiotic Product

There was no difference in body weight between the groups at the beginning of the treatments.
However, the body weight loss became negligible in the PS-T group and continued in the UI-T group
at day seven PPS (Table 4).

Table 4. Therapeutic efficacy of prebiotic supplementation in body weight (g) of naturally Eimeria-
infected rabbits.

Group 0 DPPT 7 DPPT * Weight Gain at End of Experiment

PS-T ** 751.66 ± 28.91 756.66 ± 30.32 6.00 ± 2.88
UI-T *** 733.33 ± 8.81 706.66 ± 6.66 −26.66 ± 8.33

Data are presented as means and standard error of the mean (Mean ± SE). * DPPT stands for days post-prebiotic
treatment. ** PS-T = prebiotic treated. *** UI-T = untreated infected.

3.3. Histopathological Findings in Prophylactic and Therapeutic Experiments

The examined samples (ileum, duodenum, and jujenum) from prophylactic and therapeutic
experiments showed differences in the number of parasitic stages. The count of developing stages
was significantly higher in the NI-P group than in the other groups, with nearly similar counts in the
PS-P and PS-T groups. The histopathological examination of the examined tissues in the NI -P group
revealed severe inflammatory changes, massive infiltration of mononuclear cells, and sloughing of
the absorptive epithelium (Figure 2A). Additionally, the sites of the intestinal absorptive epithelium
were occupied by a huge number of different developmental stages of Eimeria spp. (Figure 2B,C). Focal
areas of discrete hemorrhages were also detected (Figure 2B). The number of absorptive epithelia and
goblet cells were markedly diminished at the sites of the coccidial stages, and disappeared in areas of
massive infiltration of developing stages of Eimeria spp. Some developmental stages of Eimeria spp.
were observed in the lamina propria (Figure 2D) and the glandular epithelium (Figure 2E) of different
parts of the intestine. The submucosal blood vessels showed severe congestion (Figure 2F). In the
NN-P group, the intestine showed normal architecture, intestinal villi, lamina propria, submucosa,
and tunica muscularis (Figure 3A). The intestinal villi appeared normal, and their lining absorptive
epithelia were devoid of any developing stages of Eimeria spp. (Figure 3B). The intestinal glands
(crypts of leiberkhun) displayed normal architecture (Figure 3C). The intestine of rabbits in the PS-P
group revealed mild histopathological changes, with an intact absorptive epithelial lining (Figure 4A).
Few numbers of developmental stages of Eimeria spp. were reported within the epithelium (Figure 4B)
and intestinal glands (Figure 4C). Areas of hemorrhagic foci were not detected except mild congestion
of some submucosal blood vessels (Figure 4D). In the PS-T group, the intestine showed an intact
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surface epithelium lining, and the intestinal villi, with mild congestion of submucosal blood vessels
(Figure 5A). Few numbers of developmental stages of Eimeria spp. were observed in the simple
columnar absorptive epithelial lining of the intestinal villi (Figure 5B). The intestinal glands showed
degenerated parasitic stages (Figure 5C).
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Figure 2. Duodenum in the NI-P group (non-supplemented infected control) showing: (A) Sloughing of
the villous epithelium (SE) and massive mononuclear cell infiltration (arrows); (B) intestinal epithelium
highly invaded by a huge number of different developmental stages of coccidial parasite (Note:
Multifocal areas of discrete haemorrhages, arrow heads); (C) different developmental parasitic stages,
including gametocytes and oocysts (arrows) in addition to multiple schizonts (arrow heads) occupying
the sites of intestinal absorptive epithelium; (D) some coccidial stages in the lamina propria (arrows);
(E) glandular epithelium contains parasitic stages (arrow); and (F) severe congestion of submucosal
blood vessel (arrow). H&E stain, ×400.
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Figure 3. Dodenum in the NN-P group (non-supplemented non-infected control) showing: (A) Normal
intestinal villi (IV) with their underlying lamina propria containing intestinal glands (G), submucosa (S),
and muscularis mucosa (M) (H&E, ×200); (B) normal absorptive epithelium of simple columnar type
(SE) lined the intestinal villi (H&E stain, ×200); and (C) intestinal villi lined with absorptive epithelium
containing goblet cells (G) in between and normal intestinal glands (IG) in the lamina propria (H&E
stain, ×200).
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Figure 4. Jejunum of the PS-P group (prebiotic supplemented) showing: (A) Intact intestinal epithelium
with few parasitic stages (arrows) and mononuclear cell infiltration in the lamina propria (arrow heads,
H&E, ×200); (B) higher magnification of the intestinal mucosa showing parasitic stages, including
gametocytes and oocysts (arrows) and leucocytic infiltration (arrow heads, H&E, ×400); (C) intestinal
glands contain one coccidian stage (arrow, H&E, ×400); and (D) moderate congestion of blood vessel
(V) and mild congestion of the other vessels (arrow heads, H&E, ×200).
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NI-P * 18.33 ± 2.02 a 23 ± 1.15 a 35 ± 1.15 a 

PS-P ** 7.00 ± 1.20 b 5.33 ± 0.88 b 7.66 ± 0.88 c 

PT-T *** 7.33 ± 1.20 b 6.33 ± 0.88 b 8.66 ± 1.45 c 

UI-T **** 16.00 ± 2.08 a 20.33 ± 1.45 a 30.66 ± 1.20 b 

Figure 5. Different parts of the intestine in the PS-T (prebiotic treated) group: (A) Jejunum with an intact
absorptive surface epithelial lining, intestinal villi (IV), mononuclear cell infiltration, intestinal glands
(G), and mild congestion of blood vessels (V) (H&E, ×400); (B) duodenal villi lined with columnar
epithelium (SE) with few parasitic stages (arrows, H&E, ×400); and (C) intestinal glands of the ileum
showing degenerated parasitic stages (arrows, H&E, ×400).

3.4. Biochemical Analysis

Both ALT and AST showed significantly higher values in the PS-P and NN-P groups than in
the NI-P group (p ≤ 0.05). No differences in ALP, creatinine, total protein, and cholesterol were
recorded among the different groups (Tables 5 and 6). Additionally, these parameters remained within
normal levels.

Table 5. Parasitic stage counts in the ileum, jejunum, and duodenum in all groups in both experiments
(Prophylactic and therapeutic).

Group Ileum Duodenum Jejunum

NN-P 0.00 ± 0.00 c 0.33 ± 0.33 c 0.66 ± 0.33 d

NI-P * 18.33 ± 2.02 a 23 ± 1.15 a 35 ± 1.15 a

PS-P ** 7.00 ± 1.20 b 5.33 ± 0.88 b 7.66 ± 0.88 c

PS-T *** 7.33 ± 1.20 b 6.33 ± 0.88 b 8.66 ± 1.45 c

UI-T **** 16.00 ± 2.08 a 20.33 ± 1.45 a 30.66 ± 1.20 b

Data are expressed as Mean ± SE. a–d mean within the same column with different superscripts are significantly
different (p ≤ 0.05). * NI-P = non-supplemented infected control. ** PS-P = prebiotic supplemented. *** PS-T =
prebiotic treated. **** UI-T = untreated infected.
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Table 6. Biochemical parameters in the prophylactic experiment at day 10 post-infection.

Group Total
Protein ALT AST ALP Total

Cholesterol Createnine

NN-P * 6.42 ± 0.57 50.33 ± 3.17 b 41.00 ± 4.04 b 69.33 ± 28.58 a 68.66 ± 14.43 a 0.92 ± 0.18 a

NI-P ** 6.39 ± 0.24 67.66 ± 8.56 b 103.00 ± 6.42 a 73.00 ± 7.00 a 91.00 ± 11.54 a 0.95 ± 0.25 a

PS-P *** 5.78 ± 0.29 105.66 ± 7.53 a 37.66 ± 7.88 b 63.33 ± 14.52 a 66.33 ± 12.71 a 0.72 ± 0.14 a

Data presented as means and standard error of the mean (Mean ± SE). a,b mean within the same column with
different superscripts significantly different at (p ≤ 0.05). *NN-P = non-supplemented non-infected control. **NI-P =
non-supplemented infected control. *** PS-P = prebiotic supplemented.

4. Discussion

Rabbits are highly susceptible to the enteric pathogens, mainly in the early weaning period, which
may be attributed to the unestablished intestinal microbiota, a less developed digestive system, and
change in gut PH [10]. Coccidiosis is the most serious problem in rabbit farms causing high morbidity
and mortality rates among all ages, especially in the young rabbits [3,29]. The European Union
has banned the use of antibiotics as feed additives for growth promotion in animals since 2005 [30].
Currently, great efforts are directed toward replacing the antibiotics with alternative anticoccidials,
including prebiotics and probiotics, which have beneficial effects on the host by stimulating the
immune system, improving the productivity and performance in addition to their bactericidal and/or
bacteriostatic activities. According to Ashayerizadeh et al. [31] prebiotics are growth promoters, which
can be used as safe, alternative feed additives because they are able to improve growth of broiler
chickens [32]. Nowadays, researchers have paid great attention to replace the commercial anticoccidial
drugs with natural products due to the development of drug resistance [32]. Falcao-e- Cunha et al. [33]
reported that prebiotics could prevent the adhesion of pathogens to the intestinal mucosa and stimulate
the immune responses in rabbits. In the current study, dietary supplementation of prebiotic (Bio-Mos®)
was applied for the prophylactic and therapeutic use of prebiotics against rabbit coccidiosis caused by
the Eimeria parasite. In the prophylactic experiments, data showed a significant (p ≤ 0.05) reduction
in fecal oocyst counts in the PS-P group, with body weight and weight gain remained relatively
unchanged. However, the results of the therapeutic experiment showed a significant (p ≤ 0.05) decrease
in fecal oocyst counts in the PS-T group when compared with the UI-T group. The body weight loss
continued in the UI-T group and became negligible in the PS-T group at day seven PPS. These results
are similar to those reported by Faber et al. [34] who found that E. acervulina affect the body weight
in the broilers supplemented with a prebiotic product [34]. As natural biological response modifiers
and promoters, prebiotics have the ability to increase host defense mechanism against infections [12].
Similarly, it was recently demonstrated that prebiotics could enhance the intestinal health, inhibit
the epithelial invasion by pathogens and mucosal adherence of pathogens, and help to produce
antimicrobial substances and/or stimulate mucosal immunity [35]. Furthermore, Roberfroid et al. [36]
mentioned that prebiotics exhibit health promoting properties to host through the selective growth due
to improving the nutrient digestibility [37,38]. Previously, prebiotics could prevent enteric diseases
of rabbits by boosting gut colonization, modulate microbial community, and regulate production
of cytokines and antibodies, and improve gut development and the overall broiler health [39,40].
Moreover, prebiotics inhibit the development of schizonts by stimulating the local immune mechanisms.
This potential anticoccidial activity of prebiotic (MOS) appeared in the reduction of oocyst counts
in the prebiotic-treated chickens [41,42]. However, the prebiotics are still unsuccessful in controlling
E. maxima and E. tenella infections in broilers [43]. Generally, the prebiotic supplementation preserved
the body weight in the prebiotic-treated rabbits. This finding may be attributed to the fact that the
prebiotic constituents (mainly yeast derivatives) improve nutrient digestibility and intestinal villus
length that lead to the increase of the absorptive surface in the intestine [44,45]. Histopathological
findings in the duodenum, jujenum, and ileum in all groups revealed that different parasitic stages of
Eimeria spp. were significantly higher in the NI-P group than in the UI-T group. However, the count of
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the developing stages of Eimeria spp. was nearly similar in both prophylactic (PS-P) and therapeutic
(PS-T) experiments.

Our results were in agreement with those obtained by Yakhkeshi et al. [46] and Oso et al. [47]
who described improved morphological parameters in the rabbit ileum (increased villus length) after
prebiotic supplementation [46,47]. Additionally, the intestinal mucosa in the PS-P group was not as
severely affected as in the NI-P group. This may be due to the positive effect of a prebiotic supplement
on the intestinal villi [48,49].

Biochemical parameters, including ALT, ALP, AST, creatinine, total protein, and cholesterol were
within the normal ranges [50]. Interestingly, prebiotic supplementation did not have any adverse
effects on liver and kidney functions, total protein, and cholesterol. These findings are in agreement
with previous reports [19,28].

5. Conclusions

Prophylactic supplementation of rabbits after weaning with a prebiotic preparation (Bio-Mos®)
can minimize the adverse effect of intestinal coccidiosis in rabbits.

Author Contributions: Conceptualization, S.M.A., S.A.E.-A., and E.-S.M.A.-K.; formal analysis, S.A.E.-A.;
investigation, L.N.M., A.A.K., and S.A.H.; methodology, S.A.H., U.K.M., and, A.A.K.; supervision, S.M.A.,
E.-S.M.A.-K., and E.M.F.; writing—review and editing, S.A.E.-A. and S.M.A.

Funding: Start-up Research Grant Program provided by Foshan University, Foshan city, Guangdong province for
distinguished researchers, Guangdong Science and Technology Plan Project (Grant No. 1244 0600 4560 7389XC),
School of Life Science and Engineering fund (Grant No. KLPREAD201801-02), and Guangdong educational
department preventive veterinary medicine key lab project (Grant No.: 2014KTSPT 037).

Acknowledgments: This research was supported by the Start-up Research Grant Program provided by
Foshan University, Foshan city, Guangdong province for distinguished researchers, Guangdong Science and
Technology Plan Project (Grant No. 1244 0600 4560 7389XC), School of Life Science and Engineering fund (Grant
No. KLPREAD201801-02), and Guangdong educational department preventive veterinary medicine key lab project
(Grant No.: 2014KTSPT 037).

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Bhatt, R.S.; Agrawal, A.R.; Sahoo, A. Effect of probiotic supplementation on growth performance, nutrient
utilization and carcass characteristics of growing Chinchilla rabbits. J. Appl. Anim. Res. 2017, 45, 304–309.
[CrossRef]

2. Aboelhadid, S.M.; El-Ashram, S.; Hassan, K.M.; Arafa, W.M.; Darwish, A.B. Hepato-protective effect of
curcumin and silymarin against Eimeria stiedae in experimentally infected rabbits. Livest. Sci. 2019,
221, 33–38. [CrossRef]

3. Pakandl, M. Coccidia of rabbit: A review. Folia Parasitol. 2009, 56, 153–166. [CrossRef] [PubMed]
4. Abdel-Haleem, H.M.; Aboelhadid, S.M.; Sakran, T.; El-Shahawy, G.; El-Fayoumi, H.; Al-Quraishy, S.;

Abdel-Baki, A.S. Gene expression, oxidative stress and apoptotic changes in rabbit ileum experimentally
infected with Eimeria intestinalis. Folia Parasitol. 2017, 64, 12. [CrossRef] [PubMed]

5. Lebas, F.; Coudert, P.; de Rochambeau, H.; Thebault, R.G. The Rabbit Husbandry, Health and Production; FAO
Animal Production and Health Series No. 21; FAO: Rome, Italy, 1997.

6. Taylor, M.A.; Coop, R.L.; Wall, R.L. Veterinary Parasitology, 3rd ed.; Blackwell Publishing Company: Hobken,
NJ, USA, 2007; pp. 901–902.

7. Hassan, K.M.; Arafa, W.M.; Mousa, W.M.; Shokier, K.A.; Shany, S.A.; Aboelhadid, S.M. Molecular diagnosis
of Eimeria stiedae in hepatic tissue of experimentally infected rabbits. Exp. Parasitol. 2016, 169, 1–5. [CrossRef]
[PubMed]

8. Ogolla, K.O.; Gathumbi, P.K.; Waruiru, R.M.; Kumu, P.O.; Chebet, J.; Kitala, P.H.M. Efficacy of
Sulphachloropyrazine, Amprolium Hydrochloride, Trimethoprim-Sulphamethoxazole, and Diclazuril
against Experimental and Natural Rabbit Coccidiosis. J. Vet. Med. 2018, 2018, 5402469. [CrossRef] [PubMed]

9. Licois, D. Domestic rabbit enteropathies. In Proceedings of the 8th World Rabbit Congress, Puebla, Mexico,
7–10 September 2004; pp. 385–403.

http://dx.doi.org/10.1080/09712119.2016.1174126
http://dx.doi.org/10.1016/j.livsci.2019.01.011
http://dx.doi.org/10.14411/fp.2009.019
http://www.ncbi.nlm.nih.gov/pubmed/19827358
http://dx.doi.org/10.14411/fp.2017.012
http://www.ncbi.nlm.nih.gov/pubmed/28443823
http://dx.doi.org/10.1016/j.exppara.2016.07.001
http://www.ncbi.nlm.nih.gov/pubmed/27423971
http://dx.doi.org/10.1155/2018/5402469
http://www.ncbi.nlm.nih.gov/pubmed/30426022


Animals 2019, 9, 965 13 of 15

10. Papeschi, C.; Fichi, G.; Perrucci, S. Oocysts excretion of three intestinal Eimeria species in female rabbits.
World Rabbit Sci. 2013, 21, 77–83. [CrossRef]

11. El-Wafa, S.A.; Sedki, A.A.; Ismail, A.M. Response of growing rabbits to diets containing black seed, garlic or
onion as natural feed additives. Egypt. J. Rabbit Sci. 2002, 12, 69–83.

12. El-Abasy, M.A. Studies on Sugar Cane Extract for Control of Chicken Diseases. Ph.D. Thesis, Tokyo University,
Tokyo, Japan, 2002.

13. Fonseca, A.; Falcao, L.; Kocher, A.; Spring, P. Effects of dietary mannon oligosaccharide in comparison to
oxytetracyclin on performance of growing rabbits. In Proceedings of the Eighth World Rabbit Congress
Puebla, Puebla, Mexico, 7–10 September 2004; pp. 829–833.

14. Sohail, M.; Ijaz, A.; Yousaf, M.; Ashraf, K.; Zaneb, H.; Aleem, M.; Rehman, H. Alleviation of cyclic heat
stress in broilers by dietary supplementation of mannan-oligosaccharide and Lactobacillus-based probiotic:
Dynamics of cortisol, thyroid hormones, cholesterol, C-reactive protein, and humoral immunity. Poult. Sci.
2010, 89, 1934–1938. [CrossRef]

15. Sohail, M.; Hume, M.; Byrd, J.; Nisbet, D.; Ijaz, A.; Sohail, A.; Shabbir, M.; Rehman, H. Effect of supplementation
of prebiotic mannanoligosaccharides and probiotic mixture on growth performance of broilers subjected to
chronic heat stress. Poult. Sci. 2012, 91, 2235–2240. [CrossRef]

16. Waldroup, P.W.; Oviedo-Rondon, E.O.; Fritts, C.A. Comparison of Bio-Mos® and antibiotic feeding programs
in broiler diets containing copper sulfate. Int. J. Poult. Sci. 2003, 2, 28–31.

17. Kocher, A.; Garcia, P.; Tucker, L.A. Effects of Bio-Mos for laying hens 20–52 weeks under commercial
conditions. In Proceedings of the Alltech’s 21st Annual Symposium on Nutritional Biotechnologies in the
Feed and Food Industries, Lexington, KY, USA, 22–25 May 2005; pp. 316–317.

18. Maribo, H.; Spring, P. Yeast extract as a protein source for weaning piglets. In Vitamine und Zusatzstoffe
in der Ernährung von Mensch und Tier; Schubert, R., Flachowsky, G., Jahreis, G., Bitsch, R., Eds.;
Friedrich-Schiller-Universität Jena: Jena Thüringen, Germany, 2003; pp. 433–437.

19. Abdelhady, D.H.; El-Abasy, M.A. Effect of Prebiotic and Probiotic on Growth, Immuno-hematological
responses and Biochemical Parameters of infected rabbits with Pasteurella multocida. Benha Vet. Med. J.
2015, 28, 40–51. [CrossRef]

20. Soulsby, E.J.L. Helminths, Arthropods and Protozoa of Domesticated Animals, 7th ed.; Baillere Tindall: London,
UK, 1986; pp. 593–614.

21. El-Ashram, S.; Suo, X. Electrical cream separator coupled with vacuum filtration for the purification of
eimerian oocysts and trichostrongylid eggs. Sci. Rep. 2017, 7, 43346. [CrossRef] [PubMed]

22. El-Ashram, S.; Aboelhadid, S.M.; Kamel, A.A.; Mahrous, L.N.; Abdelwahab, K.H. Diversity of Parasitic
Diarrhea Associated with Buxtonella Sulcata in Cattle and Buffalo Calves with Control of Buxtonellosis.
Animals 2019, 9, 259. [CrossRef] [PubMed]

23. Ryley, J.F.; Meade, R.; Hazelhurst, J.; Robinson, T.E. Methods in coccidiosis research: Separation of oocysts
from faeces. Parasitology 1976, 73, 311–326. [CrossRef] [PubMed]

24. El-Ashram, S.; Yin, Q.; Liu, H.; Al Nasr, I.; Liu, X.; Suo, X.; Barta, J. From the Macro to the Micro: Gel Mapping
to Differentiate between Sporozoites of Two Immunologically Distinct Strains of Eimeria maxima (Strains
M6 and Guelph). PLoS ONE. 2015, 10, e0143232. [CrossRef] [PubMed]

25. Huang, G.; Zhang, S.; Zhou, C.; Tang, X.; Li, C.; Wang, C.; Tang, X.; Suo, J.; Jia, Y.; El-Ashram, S.; et al.
Influence of Eimeria falciformis infection on Gut Microbiota and Metabolic Pathways in Mice. Infect. Immun.
2018, 86, e00073-18. [CrossRef]

26. Hanafi, M.E.; Maghraby, A.N.; Ramadan, M.M.; Mahmoud, A.M.; EL-Allawy, M.H. Aromatherapy of
Cinnamomum zeylanicum Bark oil for treatment of scabies in rabbits with emphases on the productive
performance. Am. Eurasian J. Agric. Environ. Sci. 2010, 7, 719–727.

27. Bancroft, J.; Gamble, A. Theory and Practice of Histological Techniques, 6th ed.; Churchill-Livingstone: Edinburgh,
UK; London, UK; Melbourne, Australia; New York, NY, USA, 2008.

28. Tang, S.G.; Sieo, C.; Ramasamy, K.; Saad, W.Z.; Wong, H.K.; Ho, Y.W. Performance, biochemical and
haematological responses, and relative organ weights of laying hens fed diets supplemented with prebiotic,
probiotic and symbiotic. BMC Vet. Res. 2017, 13, 248. [CrossRef]

29. Sivajothi, S.; Reddy, B.S.; Rayulu, V.C. Intestinal coccidiosis infection in domestic rabbits. Int. J. Biol. Res.
2014, 2, 48–50. [CrossRef]

http://dx.doi.org/10.4995/wrs.2013.1235
http://dx.doi.org/10.3382/ps.2010-00751
http://dx.doi.org/10.3382/ps.2012-02182
http://dx.doi.org/10.21608/bvmj.2015.31859
http://dx.doi.org/10.1038/srep43346
http://www.ncbi.nlm.nih.gov/pubmed/28233853
http://dx.doi.org/10.3390/ani9050259
http://www.ncbi.nlm.nih.gov/pubmed/31117265
http://dx.doi.org/10.1017/S0031182000046990
http://www.ncbi.nlm.nih.gov/pubmed/13340
http://dx.doi.org/10.1371/journal.pone.0143232
http://www.ncbi.nlm.nih.gov/pubmed/26641262
http://dx.doi.org/10.1128/IAI.00073-18
http://dx.doi.org/10.1186/s12917-017-1160-y
http://dx.doi.org/10.14419/ijbr.v2i2.2540


Animals 2019, 9, 965 14 of 15

30. European Union Commission. Ban on Antibiotics as Growth Promoters in Animal Feed Enters into Effect;
Regulation 1831/2003/ec on additives for use in animal nutrition, replacing directive 700/524//333c on
additives in feedstuffs; European Union Commission: Brussels, Belgium, 2005.

31. Ashayerizadeh, A.; Dabiri, N.; Ashayerizadeh, O.; Mirzadeh, K.H.; Roshanfekr, H.; Mamooee, M. Effect of
dietary antibiotic, probiotic and probiotic as growth promoters on growth performance, carcass characteristics
and haematological indices of broiler chickens. Pak. J. Biol. Sci. 2009, 12, 52–57. [CrossRef] [PubMed]
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