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Abstract  
Epizootic Rabbit Enteropathy (ERE) is a complex gastrointestinal disease affecting domestic 

rabbits, characterized by abdominal distention, acute enteric distress, and increased morbidity 

and mortality. It is the primary cause of mortality in the European rabbit industry and costs 

millions of Euros every year. It is known to be potentially fatal to different rabbit ages and 

persists in threatening the rabbit production industry. It is mostly documented in intensive and 

semi-intensive fattening farms, but there are also reports of ERE in pet rabbits, which are rather 

rarely seen. It is known to be a contagious disease with a 30-40 % mortality and even up to 

100% morbidity in up to a few days. Clinical signs appear one day after infection and the disease 

reaches its peak four to six days later. The disease is reproduced by the inoculation of intestinal 

contents from infected rabbits. Predisposing factors may include a low-fibre diet, poor 

husbandry and hygienic conditions, and the duration of the weaning period of rabbit kits. Up 

until this day, the causative aetiology of ERE is still uncertain and can only be narrowed down 

to a certain number of agents involved, but there is no final identification of the actual agent 

yet.  

This thesis provides a comprehensive exploration of ERE, containing its historical background, 

influences on the rabbit industry, and contemporary advances in microbiological research.
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1 Introduction  
 

Epizootic rabbit enteropathy (ERE) is a condition threatening the meat rabbit industry all over 

the world [1]. The disease quickly moved through rabbit farming areas internationally and has 

resulted in significant losses in the rabbit farming sector [2, 3]. It is known to be a contagious 

disease among mostly meat-producing rabbits with a 30-40% mortality and up to 100% 

morbidity in up to a few days [4]. Without the use of medication, mortality rates can reach up 

to 80% in the acute phase of the disease [5]. Clinical signs appear one day after infection and 

the disease reaches its peak four to six days later [4]. These acutely occurring clinical signs 

include rambling noises and a distended abdomen. Additionally, we can observe a significant 

decrease in growth from the second day following mucous excretion, small amounts of watery 

diarrhoea and caecal impaction [4, 6]. The aetiology or pathogenesis of this disease is not 

defined yet, however, it has been confirmed that it can be linked to nutritional, environmental 

and microbial risk factors [7].  

 

This thesis focuses on the historical evolution of the disease as well as on the ongoing research 

to define its causative agents. It is divided into main parts such as the historical perspective, the 

aetiology, and pathogenesis of the disease, and the management and treatment technologies 

followed by the most recent advancements in microbiology.  

 

ERE displays its importance in its impact on the rabbit industry. It is the first cause of mortality 

in the European rabbit industry and costs approximately ten million Euros yearly in Belgium 

[8]. Its appearance in 32% of all enteropathies troubling Mexican rabbit farms represents its 

worldwide challenging occurrence [7]. As mentioned before, it can cause up to 100% morbidity 

and 30-40% mortality [4] which is a significant economic loss for rabbit farmers. Mortality and 

morbidity are always caused by the named acute digestive symptoms [9]. Even though ERE is 

not always fatal, it shows that survivors have a lower weight gain compared to healthy rabbits 

in the same production system which results in a lower quantity of meat being produced. 

Furthermore, we can observe as much as 25% decrease in fertility of female rabbits and up to 

15% decrease in libido in affected males. Consequently, a smaller number of kits per cycle will 

be produced [1].  

 

 



 2 

2 Historical perspective 
 

ERE was originally called mucoid enteropathy and more recently mucoid enteritis. This 

symptomatic was firstly mentioned over 100 years back with symptoms very similar to what 

we see today, however, it was not called enteropathy at that time. Mucoid enteropathy has been 

described for over 40 years. ERE, as we know it today, was first documented in both France in 

late 1996 and in Galicia in Spain in September 1996. In the case of Galicia, at least 700 farms 

were affected by the rapid spread by the end of 1997. During monitoring of French farms every 

six months from 1996-2002, it turned out that more than 90% of French rabbit farms were either 

acutely or latently affected by ERE [1, 6].  

 

The disease then rapidly spread to other parts of Europe like Portugal, Belgium, The 

Netherlands, Hungary, and the United Kingdom [4]. Even though it was first reported in 

Europe, ERE has become an international problem which means this disease is not endemic in 

Europe anymore, we can identify it as a pandemic [1].  

The first outbreak was characterized by abdominal distention and the onset of sudden diarrhoea 

in 6–14-week-old rabbits. Macroscopical lesions included gaseous dilation of the stomach and 

a mostly liquid-filled small intestine [10]. Because of the appearance of symptoms right after a 

delivery of commercial feedstuffs on a rabbit farm, the feed was originally suspected to be 

carrying the infectious agent, but this hypothesis has been eliminated through various tests and 

studies. However, it was later discovered that feed could be a passive vector of the disease if 

the feed is taken from a feeder in an infected breeding establishment, but its virulence does not 

persist longer than 3 to 4 months [4, 6]. 

 

Since its first occurrence in 1997, research has progressed to determine the aetiological agent 

of ERE. Unfortunately, to this day we were only able to narrow it down to a certain number of 

agents that are involved, but there is no clear definition of the actual agent yet [11].  

 

Mortality caused by ERE began to decrease after strict hygienic measures were taken and active 

treatment with antimicrobials like Bacitracin and Tiamulin was used [1, 6].  

The next objective in diagnostic research included finding an inoculum that reproduced the 

disease successfully. Using specific pathogen-free (SPF) rabbits, the disease was reproduced 

by inoculating intestinal contents from either diseased or dead animals into healthy SPF rabbits. 
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Considering this, other factors like feeds, toxins, or pesticides could be eliminated as potential 

exclusive causative agents. Further studies in connection to the way of inoculation itself 

revealed that oral inoculation (via the drinking water or administered via aerosol on feedstuffs 

or directly onto the nose) was more effectively reproducing the disease than inoculation of the 

intestinal contents directly into the stomach via an oesophageal catheter. The underlying cause 

for this may be that the pathogen is involved in a primary cycle that acts in the upper 

gastrointestinal tract.  ERE was also experimentally reproduced from contaminated foodstuffs, 

direct contact between individuals, and contact with infected breeding materials such as feeders, 

cages, and drinkers if they were not disinfected but only washed [6]. During different study 

trials, it was obvious that different groups of rabbits kept in the same room during the study 

would re-infect each other most likely due to recontamination through the untreated groups 

[12].  

 

Healthy SPF rabbits were inoculated with the caecal contents of diseased rabbits to reproduce 

the symptoms [10]. These so-called TEC-inocula were obtained by mixing the caecal contents 

of SPF rabbits that were previously infected with ERE [13]. The first generation of TEC was 

TEC1 and the last is TEC4 [8]. 

These intestinal contents contain a large number of different microorganisms. To reduce the 

number of microorganisms in the inoculum, the French reference inoculum TEC3 was 

fractionated on a discontinuous sucrose gradient which resulted in 7 different fractions: 

supernatant, 10%, 20%, 30%, 40%, 50%, and pellet.  Specific pathogen-free rabbits were then 

inoculated with three of those fractions (supernatant, 30%, and pellet). The study was obtained 

to define the bacteriological agents in all 7 different fractions, to confirm whether the 

aetiological agent(s) were present in the fraction by inoculating rabbits, and to single out a 

fraction that can replace the reference inoculum TEC3 in certain cell cultured or egg inoculation 

since the TEC3 inoculum has proven to be unsuitable for applications such as cell cultures and 

egg inoculation [11].   

It turned out that the agent was present in at least 3 of the inocula and it does not seem to be a 

bacterial species we are able to cultivate on our known bacterial culture media [11].  
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3 Impact on the rabbit industry and risk factors 
 

ERE is a highly prevalent and economically significant disease affecting the rabbit industry 

worldwide. ERE impacts commercial rabbit farming and rabbit breeders, resulting in 

considerable financial losses caused by reduced productivity, increased mortality, treatment 

costs, and impacts on reproduction [1].  

Furthermore, gastrointestinal problems lead to substantial health issues, including reduced 

growth and inefficient feed utilization. These issues frequently result in more significant 

financial losses than mortality [14]. ERE’s first clinical sign to be observed is a decreased feed 

intake [5]. Subsequently, this leads to a decreased productivity in meat-producing rabbits and 

therefore an economic loss for the farmers.  

The treatment of ERE with antibiotics carries the risk of acquiring multi-resistant bacteria 

which may result in a proportion of healthy animals being permanent carriers of not only ERE 

but also other digestive pathologies [14].  

 

A retrospective case study was performed by LE BOUQUIN ET AL (2009) to determine specific 

risk factors which predispose young rabbits to ERE. Certain rabbit farms in western France 

contributed to the study as either a “case” farm or a “control” farm. “Control” farms were farms 

in which no clinical lesions of ERE were observed and the overall fattening rabbit mortality in 

the last 5 batches was less than 10%. The average mortality was 19.5% in “case” farms and 

5.6% in “control” farms. The likelihood of ERE occurrence was higher when rabbits were 

weaned later, specifically after 35 days, compared to earlier weaning. This likelihood increased 

when young weaned rabbits were moved to a specific fattening room instead of transferring 

both, the does and the young rabbits to the room where they were born. Additionally, the risk 

of ERE after weaning was higher when the volume of the fattening room exceeded 0.14 m³/kg 

and was strongly connected to a high mortality rate of at least 10.5% in young rabbits before 

weaning [5]. 

Keeping these risk factors in mind, the author has come up with several hypotheses to avoid or 

decrease the possibility of infection. It is suggested that weaning rabbits at an earlier stage may 

decrease the transmission of pathogens, which has been observed in the case of Pasteurella 

multocida. Moreover, early weaning involves providing specialized nutrition to young rabbits 

sooner, facilitating their adjustment to solid food intake at an earlier stage around weaning time.  
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The approach used for moving animals during weaning appears to be relevant in managing the 

risk of infection. The research highlights the beneficial impact of transferring the mothers 

during weaning instead of the young rabbits. This approach can prevent the mixing of animals 

of different ages in the fattening room. Moving the does reduces the stress experienced by the 

young rabbits due to handling and, importantly, the differences in temperature and humidity 

between the birthing and fattening rooms. Additionally, this practice enables the routine 

cleaning of the kindling room. The density of rabbits in the fattening room was lower in "case" 

farms compared to "control" farms. This may indicate challenges in maintaining ideal 

atmospheric conditions in the affected farms, potentially due to less effective ventilation. Many 

rabbit farms have transferred from small-scale operations to larger, intensive production 

institutions, and sometimes, the existing buildings have been adapted with insufficient 

consideration for environmental conditions. Nevertheless, these environmental conditions are 

critical for ensuring optimal technical performance [5].  

GUITIAN ET AL. (2000) assert that the environment and its microbial content play a significant 

role in the occurrence and severity of ERE in commercial farms. Rabbits are especially sensitive 

to alterations in their environment, including changes in water pH, temperature, humidity, and 

the concentration of ammonia (NH3) [5, 15].  
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4 Aetiology and pathogenesis  
 

4.1 Clinical signs and lesions 
The first detectable clinical sign of ERE is the decrease or loss of appetite. This is often followed 

by a distended abdomen, mild watery diarrhoea, occasional mucus excretion, and caecal 

impaction as seen in Figure 1. These signs are associated with sudden high mortality and are 

mostly seen in recently weaned fattening rabbits during the age of six to 14 weeks. It may be 

difficult to differentiate ERE from other enteropathies due to the ambiguity of the clinical signs. 

During necropsy of the gaseous, distended stomach and small intestine as seen in Figure 2, we 

find no significant macroscopic evidence that represents lesions typical for an inflammation, 

neither acute nor chronic. Clinical symptoms and apparent lesions of the disease show 

similarities with those of mucoid enteritis. However, mucoid enteritis cases that were reported 

were rather of sporadic nature in contrary to ERE which has an epidemic character [4–7, 16]. 

 

Macroscopic lesions appear to be more critical during the beginning of the monitoring period 

than in the end during different trials. Fluid accumulations in the upper gastrointestinal tract are 

most probably caused by secretory diarrhoea due to an absence of an inflammatory response. 

Furthermore, bacterial enterotoxins are likely to take part in an active chlorine secretion and/or 

suppress NaCl absorption of the intestinal epithelial tissue [16]. Additionally, we can observe a 

decrease in the pH in the stomach, parts of the duodenum, and the urine as well as an increase 

in the pH in the colon. The increased pH in the colon is believed to be caused by microbial 

dysbiosis while the decreased pH in the stomach is explained by a lack of feed [7, 17, 18].  
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Figure 1: Caecal impaction of a six-week old rabbit with experimentally produced ERE [4].  

 

 
Figure 2: Distended and liquid filled stomach and small intestine in the absence of inflammatory lesions are 
considered typical lesions of ERE in a six-week old rabbit [4].  

  

 

It is important to mention that also microscopic lesions reveal only limited inflammatory 

lesions. However, vascular changes like dilation and congestion of the Lamina Propria are 

characteristic findings in the small intestine. Among these rather unnoticeable microscopic 

lesions, apoptosis of the jejunal epithelial cells and crypts in the presence of nuclear debris is a 
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common finding. In some cases, the presence of nuclear debris in the absence of inflammatory 

cell infiltration may be caused by post-mortal changes or programmed cell death. Occasionally, 

the intestinal mucosa is characterized by a fusion or destruction and even loss of villi. However, 

these results need to be interpreted carefully because their occurrence was not constantly seen 

in all examined cases [6, 16].  

 

 

4.2 Overview of possible causative agents 
There are some well-known infectious causes that are responsible for many digestive disorders 

in rabbits: the bacterial agents Escherichia coli and Clostridium spp. As a parasitic infectious 

cause, we usually find Eimeria spp. responsible for digestive disorders [5]. More specifically, 

the most commonly isolated strains of bacterial pathogens of the digestive tract were 

enteropathogenic E. coli strains (mostly serotype O15: K-: H- and O103: K-:H2), Clostridium 

spiroforme, Clostridium piliforme and Pasteurella multocida [16]. Different trials attempted to 

reproduce ERE with Clostridium perfringens strains and their alpha-toxins since they were 

isolated from the intestinal contents of ERE rabbits, but none of those attempts reproduced the 

clinical signs of the disease successfully [16].  The genes responsible for alpha, beta2, and theta 

toxins were identified in C. perfringens, but these toxins are typically associated with toxic 

gastro-intestinal infections and lead to necrotic tissue damage which is not seen in cases of ERE 

[6]. 

 

Attempting to determine the aetiological cause of ERE, a study has fractionated the inoculum 

TEC4 with two different techniques: firstly, centrifugation on a discontinuous sucrose gradient 

and secondly cell adhesion. Following the fractionation, two fractions were used to inoculate 

SPF rabbits and analyzed with standard bacteriological procedures. This resulted in a 

reproduction of ERE with both fractions. This leads us to believe that viruses can be excluded 

as the causative agent of the disease since viral particles remained in the supernatant fraction, 

which did not reproduce any symptoms, and are absent in a different fraction that reproduced 

the disease [8].  

 

During bacterial examinations of the fractions reproducing ERE, four species that had not been 

determined in TEC inoculums before were identified: Mannheimia haemolytica, 

Brevundimonas vesicularis, Sphingobacterium spiritivorum and Gmella morbillorum. The 
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first-mentioned is a primary pathogen causing pneumonia, mastitis, and septicaemia in 

ruminants. The other three are environmental bacteria and are responsible for nosocomial 

infections. Subsequently, we can exclude them from being responsible for producing ERE until 

proven otherwise. Furthermore, the fractionation of the TEC4 inoculum resulted in the absence 

of Gram-negative bacteria in one of the fractions reproducing the disease [19]. 

 

Clostridium perfringens plays a crucial role in the pathogenesis of ERE [20]. Other studies have 

attempted to reproduce ERE with the inoculation of different Clostridium perfringens strains 

into SPF rabbits which also ended up being unsuccessful. This results in an ongoing debate 

about whether the proliferation of Cl. Perfringens in the caecum is a consequence rather than a 

cause of ERE. However, this study revealed that high numbers of Clostridium perfringens are 

associated with clinical symptoms of ERE and the cause of high mortality [21]. Comparative 

studies have shown that there are Cl. Perfringens strains which induce caecal impaction and 

high mortality and others which do not. This difference is explained by the production of soluble 

proteins with mucinase activity by ERE-related Clostridium perfringens strains [20]. 

 

Knowing that ERE is a multifactorial disease, research teams have detected an over-

representation of mucinase-producing bacteria in ERE-affected individuals. Species like 

Bacteroides thetaiotaomicron and Akkermansia muciniphila were significantly increased in 

diseased rabbits [7, 20, 22]. 

The genus most frequently detected in animals during the age of 25 days was Bacteroides. 

Physiologically, the concentration of this genus decreases frequently throughout the life of the 

rabbit. However, it is characteristically increased in animals diseased with ERE [20]. 

Metataxonomic studies showed changes in different bacterial species such as Clostridium spp., 

Bacteroides spp., Ruminococcus spp. [23], Akkermansia spp.[17], and a number of other 

identifiable and also uncategorized organisms [7, 24]. The results are stated in the following 

graphics. 

 

BÄUERL ET AL (2014) used the SILVA database to figure out the most common phyla in caecal 

samples of healthy rabbits, diseased rabbits, and healthy rabbits treated with antibiotics. The 

following Figure 3 displays the results. The most commonly occurring phylum in healthy 

rabbits (marked as “control” in Figure 3) were Firmicutes with 78.25% of all total reads, 

Bacteroidetes with 15.75% and Verrucomicrobia 2.40%, and Tenericutes with 2.39% of all 

reads. The most occurring phylum in all rabbits was Firmicutes followed by Bacteroidetes. The 
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class Clostridia (phylum Firmicutes) was more prominent in healthy groups than in ERE 

rabbits. The class Bacteroidia (phylum Bacteroidetes) was most abundant in ERE rabbits 

among the three groups. Additionally, ERE rabbits presented a significant increase in the 

Proteobacteria phylum, especially in the gamma-Proteobacteria class. The number of bacteria 

belonging to the Verrucomicrobiae phylum was also increased in ERE rabbits. This may be due 

to the increased counts of the genus Akkermansia in this group. Furthermore, there was a 

decrease observed in bacteria belonging to the Ternericutes phylum in the ERE group [17].  

 

 
Figure 3: Number of reads assigned per phylum by the SILVA database after pyrosequencing [17]. 

Own illustration by Chiara Feige.  

 

Among the 90 different genera discovered in caecal samples in BÄUERL ET AL’s trials, the most 

occurring genera of healthy rabbits were Alistipes at 5.63%, Ruminococcus at 4.02%, 

Akkermansia at 2.40% and Subdoligranulum with 2.28% of all total reads. Figure 4 shows a 

clear reduction after antibiotic treatment of the Alistipes, and Subdoligranulum and Clostridium 

genera which belong to the Bacteroidetes phylum and the Firmicutes phylum respectively. The 

most frequently occurring genera in the healthy groups and antibiotically treated group were 
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Ruminococcus and Alistipes and Bacteroides at 12.45%, Akkermansia at 8.40%, Escherichia at 

8.25%, Rikenella at 3.40% and Clostridium at 1.24% of all total reads in the ERE group. The 

genus Escherichia, belonging to the Proteobacteria phylum, showed an increase in the group 

of diseased rabbits while it was not portrayed in either of the other groups [17]. 

 

 

 
Figure 4: Most occurring genera in rabbit caeca depending on their health status [17]. Own illustration by Chiara 
Feige. 

 

Taxonomical results from sequencing caecal microbiota of healthy rabbits at the age of 28 days, 

meaning pre-weaning kits, showed 81% of the identified bacterial agents within the Firmicutes 

phylum and 18% of the Bacteroidetes phylum (Figure 5). Tenericutes, Proteobacteria and 

Verrucomicrobia were only observed in less than 1% of the total sequences. Within the 

Firmicutes phylum, the most dominant families were Ruminococcaceae (48%) and 

Lachnospiraceae (16%). The Bacteroidetes phylum was dominated by Bacteroidaceae (10%) 

and Rikenellaceae (3.5%) families [24].  

Healthy post-weaning rabbits at the age of 38 days were characterized by 93% of the identified 

bacterial agents in the Firmicutes phylum and only 5% in the Bacteroidetes phylum. The former 

was represented by an increased number of Ruminococcaceae (52%) and Lachnospiraceae 

(23%) (Figure 6). The compared ages only varied significantly in the Bacteroides, 

Parabacteroides and Clostridium genera [24].  

Diseased rabbits (marked as “not healthy” in Figure 5 and Figure 6) at the age of 28 days 

displayed a significant decrease in the Firmicutes phylum with only 60%. Within the phylum, 
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the Ruminococcaceae family was represented with 24% but showed a decrease in the 

Ruminococcus genus. Lachnospiraceae family was however increased. Bacteroidetes phylum 

was represented with an increased amount which enhanced up to 40%, especially within the 

Bacteroides and Clostridium genus [24].  

Not healthy rabbits at the age of 38 days showed an increase in the Firmicutes phylum by 7% 

whereas the Bacteroidetes phylum decreased to 30% (Figure 5). However, the number of 

Bacteroides genus increased ten-fold whereas the number of Ruminococcus genus decreased 

(Figure 6) [24].  

 

 
Figure 5: Percentage of taxonomic phyla found in caecal microbiota of rabbit kits according to their age and health 
status [24]. Own illustration by Chiara Feige.  



 13 

 
Figure 6: Taxonomic family (f) and genus (g) of caecal microbiota of rabbit kits according to their age and health 
status [24]. Own illustration by Chiara Feige 

 

A metataxonomic study of 2020 carried out to compare the gastrointestinal microbiota of rabbits 

diseased with ERE and healthy rabbits revealed many similarities with previously mentioned 

studies but also uncovered some differences between earlier trials. Figure 7 and Figure 8 

demonstrate the abundance of phyla, families, and genera appearing in the caecal contents of 

healthy (“ERE-“) compared to the ones appearing in diseased (“ERE+”) rabbits. The most 

occurring phyla in diseased rabbits were Firmicutes, Bacteroides and Verrucomicrobia while 

the most occurring phyla in healthy rabbits were Firmicutes, Verrucomicrobia, and 

Bacteroidetes. In addition, several unidentified sequences were recorded which were slightly 

higher in diseased individuals than in healthy individuals (Figure 7). Especially ERE-positive 

rabbits displayed an increased abundance for certain identifiable bacterial genera. Akkermansia 

(phylum Verrucomicrobiota), Bacteroides (phylum Bacteroidetes), Cloacibacillus and 

Synergistes (phylum Synergistota), Clostridium, Saccharimonas, and Erysipelatoclostridium 

were especially increased in diseased rabbits. Additionally, ERE-positive rabbits showed a 

reduction of the genera Subdoligranulum and Eisenbergiella and in the families 

Ruminococcaceae and Lachnospiraceae (Figure 8) [7].   

However, in contrast to BÄUERL ET AL’S (2014) results presented in Figure 3 and Figure 4,  the 

metataxonomic study of PUÓN-PELÁEZ ET AL (2020) has not recorded the occurrence of the 

genus Escherichia, nor has it shown any changes in the corresponding phylum Proteobacteria 

[7].  
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Figure 7: Abundance of bacterial phyla in caecal contents of healthy (“ERE-“) and diseased (“ERE +”) rabbits 
[7]. Own illustration by Chiara Feige. 

 
Figure 8: Abundance of bacterial genera and families occurring in caecal samples of healthy (“ERE –“) and 
diseased (“ERE+”) rabbits. (g): genus, (f): family) [7]. Own illustration by Chiara Feige 
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Despite the research carried out to this date, the bacterial species causing ERE is still unknown. 

Either this species is not cultivable on our common culture media, or its in vitro growth is 

inhibited by certain other factors like other bacterial species occurring in the TEC inoculum 

[19]. 
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5 Recent microbiological advances  
 

5.1 Latest research findings on the microbiological causes of ERE and 

advancements in diagnostic techniques 
 

Various methods, both individually and in combination, were utilized to pinpoint and isolate 

the pathogen of ERE. These methods dealt with techniques such as concentrating and purifying 

it using density gradients, studying it under electron microscopes, growing it in cell cultures, 

and utilizing molecular biology techniques [6].  

The firstly used cell cultures to culture the pathogen in different cell lines only gave 

unsatisfactory results due to the shortage of information about suitable cell lines and the lack 

of general knowledge about the causative biology behind the disease. Cell cultures as diagnostic 

tools were later abandoned and replaced by purification methods with the help of 

ultracentrifugation [6].   

 

5.2 PCR 
Polymerase chain reaction (PCR) is a frequently used tool in research. However, in contrast to 

many previous investigations, PUÓN-PELÁEZ ET AL (2020) have not undergone one round of 

PCR before sequencing, instead, the sequencing happened directly from the genomic DNA. 

The so-called "universal" primers, which are originally believed to work for all intended targets, 

may not always perform as universally as initially thought, which may lead to potential 

difficulties in amplifying all the desired targets. Additionally, since PCR is not an error-free 

tool, it has to be regarded with caution since amplification errors may lead to fundamental 

sequencing mistakes [7, 25, 26].  

  

5.3 RAPD 
Studies have compared virulent and non-virulent inocula with the help of Random 

Amplification of Polymorphic DNA (RAPD). The objective was to determine specific parts of 

the virulent fractions that could be helpful in recognizing bacterial agents causing ERE. The 

identified agents were isolated and used to inoculate SPF rabbits. The occurrence or prevalence 

of the particular genetic sequences in rabbits that passed away due to ERE or other 

gastrointestinal issues was calculated. One specific gene (R6B sequence that lies within the yijP 

gene) determined was found in Enterobacteriaceae, but none of these species have been 
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isolated from TEC4 and TEC4 inocula. For further studies, TEC4 was plated on a culture 

medium in aerobic and anaerobic conditions and incubated, the grown cultures were scraped 

and specific PCRs were performed to identify the previously isolated genetic sequence R6B. 

Two bacterial isolates turned out to be positive for R6B and were identified as Staphylococcus 

epidermidis. One S. epidermidis strain was used to inoculate 18 six-week-old SPF rabbits. 

Another group of SPF rabbits was inoculated with the TEC4 inoculum as the positive control 

group. As a result of the inoculation with S. epidermidis, no ERE-typical clinical signs like a 

decrease in daily weight gain or diarrhoea were observed. Only the positive control group 

(TEC4) was able to reproduce these typical lesions. In conclusion, the genetic sequence 

identified with the help of RAPD profiles found in S. epidermidis was unable to reproduce ERE. 

TEC3 and TEC4 and their fractions still remain solely able to reproduce ERE [27]. 

 

5.4 DGGE 
Denaturing Gradient Gel Electrophoresis (DGGE) is a method employed to separate DNA 

fragments of moderate length by their distinctive melting properties. This technique is often 

utilized for detecting individual genetic variations at the single-nucleotide level, eliminating the 

necessity for DNA sequencing. Additionally, it serves as a molecular fingerprinting approach 

for intricate ecosystem communities, especially when combined with the amplification of 

microbial 16S rRNA genes [28]. The 16S rRNA molecule serves as the critical structural 

element within the 30S ribosomal subunit of bacteria, playing an essential role in starting the 

process of protein synthesis [29]. Results of DGGE performance in a study confirmed 

differences between virulent and non-virulent fractions of fractionated inocula which supports 

the theory of ERE having a bacterial aetiological background, but this needs to be investigated 

further to gain knowledge about DNA sequence and to explain the difference [8].  

 

5.5 Role of bacterial flora and gut health in ERE 
The normal bacterial flora of healthy rabbits is characterized by mostly strictly anaerobic 

bacterial species such as the phyla Firmicutes (mostly Ruminococcae & Lachnospiracae), 

Bacteroidetes (Rikenellaceae mostly), Verrucomicrobiota and Tenericutes. A study has 

determined the change of bacterial genera during an ERE infection and during antimicrobial 

treatment. The results are documented in Figure 3 and Figure 4 and they showed a dominance 

of the genera Ruminococcus, Alistipes and Akkermansia in healthy untreated rabbits and a slight 

increase in the Ruminococcus genus and a decrease in the Akkermansia genus during 
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antimicrobial treatment. The genera that were mostly occurring during ERE infections were 

Clostridium, Bacteroides, Alistipes and Akkermansia [17].  

 

The fact that there were no significant differences in the microbiota of the untreated control 

group and the antibiotically treated group might be caused by the extended usage of preventive 

antimicrobials in the experimental farm. This scenario might lead to the establishment of a 

homogenous environmental population within the farm, which could eventually inhabit and 

spread among the rabbit population. However, this homogenous bacterial environment may 

help with the detection of bacterial organisms involved in the pathogenesis of ERE. The key 

characteristic of ERE's cecal microbiota is a significant imbalance and a decrease in the 

taxonomic variety [17]. 

Important components of the healthy microbiome include Ruminococcus which is decreased in 

ERE, even though it is a mucin-degrading genus, and Alistipes, but both are responsible for the 

degradation of vegetables and production of short-chain fatty acids. These two genera could be 

used to make probiotics since they seem to be essential to the caecal microbiome [17]. 
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6 Management and control  
 

6.1 Impact of hygiene measures 

Studies have shown that after the weaning stage, hybrid populations in commercial rabbit farms 

have portrayed a mortality rate exceeding four times that observed in identical breeds subjected 

to controlled conditions in randomly selected sample testings [30–33]. This substantial 

imbalance strongly implies that environmental factors, such as variations in the way rabbits are 

raised and managed, can influence both health and mortality rates. To some extent, the mortality 

seen in the domestic rabbit farming industry can be caused by environmental factors, including 

management practices that fail to align with the behavioral and nutritional needs of this species 

[33]. Preventing preventable deaths is a fundamental aim of animal welfare regulations [33, 

34]. Therefore, the goal is to identify causal connections between certain aspects of current 

farming practices and mortality and health issues in domestic rabbits [33].  

The constant exposure of domestic rabbit kits to 16 hours of daylight or artificial light increases 

their activity compared to those exposed to only 8 hours of light [33, 35]. This, combined with 

shorter feeding times when they consume pelleted feed, rather than green forage or hay, may 

contribute to abnormal behaviors in kits, such as fur chewing (trichophagy) [33, 36].  

The risk of infection is a significant concern when rearing rabbits in deep litter. Studies have 

shown that a high percentage (92-94%) of does excrete coccidial oocysts when kept in such 

conditions [33, 37, 38]. Furthermore, coccidiosis-infected kits continue to excrete oocysts when 

reared on deep litter, whereas this stops after about one month when they are raised on wire 

mesh [33, 39]. Additional research indicates that kit mortality due to enteropathies increases 

significantly (34% to 100%) when animals are reared on deep litter compared to housing in 

cages with wire mesh floors [33, 40]. Additionally, the microbiome of the mother doe defines 

the microbial profile of her litter, meaning, a disturbed microbial flora will affect her whole 

litter and therefore predispose it to enteropathogenic diseases [7, 41].  
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6.2 Impact of fibre and protein content of the diet  
Since ERE is displayed as a gastro-intestinal disorder, suitable nutrition during the post-

weaning time might play a big role in the prevention of the disease. Insoluble fibre (NDF) is 

known to decrease the caecal retention time and therefore also the microbial growth in the 

hindgut. However, a surplus of NDF has a harmful effect on the intactness of the jejunal mucosa 

at 45 days of age. Subsequently, reduced fibre content of the diet may act as a predisposing 

factor for ERE infections [17, 21]. 

In a trial, recently weaned rabbits were fed a high-fibre (HF) diet and a low-fibre (LF) diet. The 

diets were developed to have similar amounts of protein (150g/kg), soluble fibre (120g/kg), and 

insoluble fibre (130g/kg). This special diet was given to 40 different litters from day 21 of 

lactation until 56 days of age which is when the experimental period ended. Results of the study 

in terms of post-weaning mortality showed that an increased amount of NDF resulted in higher 

mortality of fattening rabbits in poor hygienic conditions and a structural alteration of the 

intestinal mucosa [21]. 

 

Wild rabbits, being leaf-eating folivores, choose the most digestible and protein-rich parts of 

green vegetation [33, 42] while avoiding larger, older shoots and stems with low-digestible fiber 

(lignocellulose). This selective feeding results in their consumed food having higher protein 

and nutrient content compared to the average vegetation. For example, the protein content of 

their preferred forage is about three times higher than the protein content of the plants typically 

found in their environment. Other less preferred food sources like bark, twigs, and grass roots 

are only consumed during periods of food shortage [33, 43].  

Domestic rabbits also favor plant material that contains a high amount of leaves and has a higher 

protein content [33, 44]. Usually, fresh green food or roughage alone isn't enough to provide all 

the nutrients needed for the growth of kits from domestic breeds. This is because, unlike wild 

rabbits, domestic breeds tend to grow much bigger as adults. The reason for this is that as 

domestic rabbits get larger, their digestive systems become relatively less efficient, which 

means they can't extract as many nutrients from their food as efficiently as smaller breeds [33, 

45, 46]. 
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6.3 Restriction diets as preventive measures 
Feed restriction is a commonly used method to prevent or lower the chances of digestive 

pathologies in rabbits in their growing phase [47]. It is generally known to improve nutrient 

digestion as a consequence of the increased residence time of the feed in the gastrointestinal 

tract [47, 48]. Especially around weaning time, young rabbits are very prone to gastro-enteric 

pathologies which can cause high mortality. Usually, there are different ways to restrict the feed 

intake: in terms of time intervals [47, 49] (usually 1-3 weeks after weaning) or in terms of 

amount (restricting a certain % of feed in connection to a standard ad libitum intake) [47, 50, 

51].  

During a trial, 256 Hyla-rabbits were divided into two groups which were given the same 

commercial concentrate but fed differently: one group was fed ad libitum (group AL) while the 

restricted group (RES) received 90% of the ad libitum intake from weaning (35 days of age) 

until the day of slaughter (85 days of age). Mortality, group feed intake, and live weight were 

documented on a daily basis [47].  

Throughout the trial, feed intake of the RES group was an average of 11.1 % less than the AL 

group. Live weights were significantly higher for the restricted group on day 56 and day 63, 

while rabbits of both groups showed no significant difference in their slaughter weight.  

Taking into account the whole trial, daily weight gain (DWG) was not considerably different 

between the two groups. According to other trials, the food conversion rate (FCR) was statically 

lower in the RES group, while it was significantly higher in this trial [47]. 

 

In conclusion, a feed reduction of 10% throughout the entire production cycle of rabbits 

improved the digestive efficiency of the nutrients and did not alter the health status or growth 

of the animals [47]. 

 

A different trial, also carried out to investigate the impact of feed restriction in the growing 

phase of rabbits on digestive health and growth, confirms the positive effect of a restrictive diet 

after weaning. During the post-weaning period of growing rabbits, the observed mortality was 

notably lower from a restricting value of 80% of the AL feed intake. It has proven to be most 

beneficial to reduce the AL intake by up to 70% to have a maximum decrease in morbidity. 

However, these results did not continue when the feed intake was changed back to AL feeding 

(day 54 of age until slaughter). Additionally, this trial detected that the most beneficial results 

were achieved when they applied a feeding program with 20 days of restricting the AL feed 
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intake by 20% and then 18 days of unrestricted AL feed intake. All in all, this feeding system 

can be regarded as beneficial in terms of feeding costs and decreased losses of young rabbits 

[9].   

 

 

6.4 Usage of preventive antimicrobials 
Since ERE appeared in Europe, antibiotics have been a commonly used form to treat and 

prevent the disease [1]. Bacitracin, an antibiotic agent from the polypeptide group, has proven 

to be an effective food additive in terms of preventive and curative treatment of ERE [52]. 

The following trial investigates the efficacy of bacitracin solved in drinking water in 

comparison to the efficacy of bacitracin used as a feed additive.  Furthermore, it was designed 

to compare the curative and the preventive usage of bacitracin solved in the drinking water [53]. 

168 weanlings of 32 days of age were divided into 4 groups (A,B,C,D) of 42 rabbits each. They 

were kept in cages of each 7 individuals in one common room with ad libitum access to feed. 

Inoculation happened on day 42 of age via the TEC3 inoculum. All groups were fed 

concentrates without any antibiotic additives except for group B which received bacitracin 

100ppm mixed in the feed from day 32-60 of age. Group C received a preventive treatment of 

bacitracin via drinking water in a dosage of 0.675 g/l (2835 IU/L) 9 days before inoculation and 

10 days after inoculation. Group D was treated curatively also with bacitracin solved in the 

drinking water for 14 days after the first symptoms of the disease appeared at 45 days of age. 

Throughout the treatment of Groups D and C, the medical solution was renewed every day. 

Group A remained the untreated control group [53].  

Body weights and feed consumption were controlled regularly as well as mortality and water 

consumption with estimated consumption of the solved bacitracin [53].  

Results confirmed the efficiency of bacitracin used as a treatment for ERE [12, 52, 53]. Using 

bacitracin in the drinking water as preventative treatment was as efficient as 100ppm bacitracin 

given as feed additive during the acute period of the disease. The curative use of bacitracin in 

drinking water for 14 days reduces morbidity and mortality after symptoms appeared in 

comparison to the untreated control group, but it was not as efficient as preventive usage. This 

appeared to be caused by the extremely fast onset of clinical signs after contamination (less 

than 48 hours) [53]. 
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Bacitracin has proven to be an effective food additive at a dose of 100 mg/kg in terms of 

preventive and curative treatment of ERE [52]. However, due to a European ban (EU reg. 

2821/98), Zinc-bacitracin was banned as a feed additive. The following study has tested the 

efficacy of bacitracin in the drinking water of chronically infected rabbits.  

The study divided 384 rabbits into three different groups of freshly weaned, 30-day-old rabbits. 

They were kept in cages of four rabbits each, which were sorted into six rows of 16 cages in 

one room. Each row received its own water reservoir. Each group consisted of 128 rabbits; one 

group was untreated (negative control group) while the two other groups were treated with 

bacitracin through drinking water at a dose of 420 IU bacitracin per kg body weight (BW) per 

day. The first group was treated for 14 days (T14) whereas the second group was treated for 21 

days (T21). The treatment was scheduled to start as soon as at least one animal with clinical 

symptoms of ERE had died. The given dosage of medication was adjusted to the measured 

weight of the animals, the number of rabbits alive with a daily weight gain of 40g/day/rabbit, 

and it was then further diluted into a volume matching 70% of the expected daily water intake 

[12]. 

During the study, the mortality in the untreated control group was 26.6% while it was 13.5% in 

T14 and 12.6% in T21. There were additional distinctions made considering mortality with 

signs of ERE and mortality without signs of ERE during necropsy. Keeping these values in 

mind, the absolute ERE-caused mortality was 14.1% in the untreated group, 4% in T14 and 

6.3% in T21 [12]. Mortality in the untreated control group was rather occurring during the 

earlier stages of the trial while mortality in the medicated groups was increased in the later 

stages of the trial, when the treatment ended. All in all, both medicated groups performed 

significantly better than the untreated control group. Moreover, T21 showed notably better 

results than T14 as T14 had almost twice the number of affected animals than T21 [12]. 

In conclusion, both medicated groups performed notably better in terms of mortality, clinical 

symptoms, and performance data than the untreated control group. and were able to control the 

infection immediately after the start of the treatment. However, some days after stopping the 

treatment period, clinical symptoms of the disease and mortality were observed in the 

medicated groups.  This was considered to be caused by a recontamination of the untreated 

control group kept in the same room as the treated groups [12].  

To conclude, a 21-day treatment could be considered a treatment option for ERE due to its 

exceptional reduction of clinical symptoms compared to a 14-day treatment with soluble 

bacitracin in the drinking water  [12]. 
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However, it is important to mention that antimicrobial drugs not only have a beneficial effect 

on the individual’s gut health, but that it can also have harmful consequences. Antibiotics can 

alter the fermentative properties of the hindgut and can so induce antibiotic-associated 

diarrhoea [54]. In addition to the already disturbed microbial balance, it can induce 

enterotoxaemia. This study investigates the efficacy and tolerability of an early administration 

of valnemulin given as a feed additive during ERE infection [55]. Valnemulin belongs to the 

antibiotic group of pleuromutilins and acts as a protein synthesis inhibitor by binding to the 50S 

ribosomal subunit. In this study, valnemulin was given at a dosage of 20 and 35 ppm as a feed 

additive and its effects on mortality, growth, and FCR were observed. Additionally, it was 

investigated whether any adverse effects occurred because of the antibiotic usage [55]. 

1149 recently weaned rabbis of the ages of 35 ± 2 days were kept in groups of four individuals 

per cage. All animals in the same cage received the same treatment. They were randomly sorted 

into three different treatment groups as there were: 2 medicated groups which were given either 

20 ppm or 25 ppm of valnemulin from day 1 to 21 and one untreated control group. Treatment 

day 0 was defined by the first rabbit which was diagnosed with typical ERE clinical signs. None 

of the groups received any medicated feed from days 21-28. Throughout the medication period, 

rabbits received valnemulin mixed in the feed and their daily feed consumption was measured. 

The results of this study showed a significant difference in mortality between the medicated 

and untreated groups.  The mortality due to ERE in the untreated control group was 23% while 

it was 11% and 7.6% in the groups that received 20 ppm and 35 ppm valnemulin respectively. 

Throughout the entire study, the different groups showed no significant differences in terms of 

average daily weight gain and FCRs, only temporary fluctuations between the groups were 

observed. In addition, there were no adverse effects like antibiotic-responsive diarrhoea 

examined throughout the medication period. Due to its advantageous effects such as a 

significant reduction in mortality in the absence of an alteration of the FCR, daily weight gain 

and adverse effects, an oral administration of valnemulin as a metaphylactic treatment of 20ppm 

and 35 ppm is an effective and secure way to treat and control ERE in recently weaned rabbits  

[55].  
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6.5 Usage of probiotics as a preventive measure 
To avoid certain unwanted side effects of the usage of antimicrobials in the nutrition of rabbits 

such as antimicrobial resistance or antibiotically caused diarrhoea, the administration of 

probiotics has increased. Probiotics consist of live microorganisms which affect the gut’s 

microflora positively [56–59]. The increased usage of antimicrobials as growth promotors has 

led to the development of more and more multi-drug resistant bacterial strains, which can pose 

a potential threat to the human microbiota [56, 60, 61]. Therefore, the European Union has 

banned antimicrobials as growth promotors since 2006 [56]. 

In this study, rabbits were fed different autochthonous strains of Enterococcus spp. and 

Escherichia coli throughout a 25-day trial to examine the effect on faecal microbiota and 

antimicrobial resistance profiles. The control group was fed a diet consisting of commercially 

fed concentrates and antibiotics such as colistin, oxytetracycline, and valnemulin. The concept 

of probiotics is based on the administration of live and beneficial microbial organisms into the 

intestinal microbiome. Introduced microorganisms are supposed to outcompete opportunistic 

bacterial strains in terms of colonization space and they are expected to reduce the susceptibility 

to enteric diseases [56, 62, 63].  

Results of the 25 day-trial showed that growth rates of animals that were fed with antibiotically 

medicated feed and animals that received probiotics were not significantly different. 

Furthermore, multi-drug resistant strains of Enterococci and E. coli were more frequently 

observed in faecal material of rabbits treated with antimicrobials. The usage of E. coli as a 

probiotic must happen with care due to possible adverse reactions caused by enteropathogenic 

(EPEC) E. coli strains. In conclusion, Enterococci strains might be a more effective probiotic 

than E. coli, but they lack the ability of long-term colonization since they disappeared from 

faecal material as soon as the administration stopped or the housing changed [56]. 
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7 Future perspectives  
 

Potential research areas in the context of ERE could investigate whether a causative agent(s) is 

found if searched in earlier stages of the life of rabbits. Considering that ERE can be replicated 

by both fiber-deficient diets and cecum ligation, it's reasonable to deduce that there may be an 

infective agent, physiological anomaly, or even an unexpected occurrence in some young 

rabbits that disrupts their intestinal motility and the ileo-caecal valve. This disruption inhibits 

the normal emptying of the cecum, resulting in the problematic overgrowth of bacteria in the 

caecum. Therefore, it can be suggested that to truly understand the root cause of ERE, research 

should focus on investigating earlier stages, even in rabbits that currently appear healthy [17].  

Furthermore, it might be valuable to isolate bacterial species with sequences that have not been 

identified yet to assess their abilities to cause infection. For example, we could explore different 

strains from the Bacteroides genus or two strains within the Lachnospiraceae family, which 

collectively made up 13.8% of all the identified sequences in ERE-affected rabbits [17]. 

To uncover the reasons behind this illness, particularly since it mainly affects rabbits after 

weaning, forthcoming investigations should contain a comprehensive study over time. This 

study should focus on the microbiota of caecotrophs and the immune parameters in young 

rabbits during this period. Additionally, researchers should explore potential protective factors 

from does, as well as substances that encourage epithelial and immune development, which 

young rabbits lack after weaning [17].  
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8 Conclusion 
 

In conclusion, the study of Epizootic Rabbit Enteropathy has shed light on the multifaceted 

challenges that the rabbit industry faces. ERE has proven to be a significant health concern, 

affecting the productivity and well-being of rabbits worldwide. Through investigations, we 

have achieved a deeper understanding of the complex factors contributing to ERE, including 

environmental conditions, dietary management, and potential pathogens. 

Research has highlighted the critical role of nutrition and husbandry practices in preventing and 

managing ERE. High-fiber diets, attention to hygiene, and careful consideration of rearing 

practices are essential in reducing the incidence and impact of this disease. Additionally, the 

findings emphasize the importance of ongoing collaboration between researchers, 

veterinarians, and the rabbit industry to develop effective strategies for ERE prevention and 

management. 

 

Looking forward, the future of the rabbit industry lies in the continued pursuit of improved 

practices, breeding, and healthcare. We anticipate the development of targeted interventions and 

guidelines aimed at reducing the prevalence of ERE. Furthermore, the industry would benefit 

from advancements in rabbit genetics, promoting the breeding of healthier and more resilient 

animals. 

As we move further, the rabbit industry must adapt to changing demands, including a growing 

emphasis on sustainable and ethical farming practices. There is an opportunity for innovation 

in the production and marketing of rabbit meat and products, ensuring a more prosperous and 

secure future for the industry. 

 

To conclude, while ERE displays challenges to the rabbit industry, it also presents opportunities 

for growth and development. By addressing these challenges and building on the insights 

gained from the research, the industry can look forward to a future that is both economically 

viable and socially responsible. Through a commitment to best practices, improved rabbit 

health, and sustainable farming, the rabbit industry can thrive and contribute to meeting the 

world's growing demand for high-quality protein sources. 
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