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ABSTRACT:  Zinc bacitracin is widely used in Italian rabbit farms to control both Epizootic Rabbit Enteropathy
(ERE) and clostridiosis, and field results demonstrate useful activity. Nevertheless, data regarding the in vitro
efficacy of zinc bacitracin against clostridia of rabbit origin are not available. In this study, the minimal inhibitory
concentrations (MICs) of zinc bacitracin were evaluated in 123 C. perfringens strains isolated from rabbits in
Italian fattening units. The agar dilution method was performed in Brucella Agar supplemented with laked sheep
blood, haemin and vitamin K1, as recommended in NCCLS document M11-A6. Most strains (94.3%) had low MIC
values (≤  0.5 µg/ml), and a few strains (4%) were inhibited by a concentration of 1 µg/ml. Two isolates (1.6%)
had a MIC value of 16µg/ml. The MIC values of ATCC reference strains showed a good fit between each batch.
MIC required to inhibit the 90% of organisms was 0.5 µg/ml and the presence of only two strains with MIC=16
µg/ml revealed the susceptibility to zinc bacitracin of Italian isolates of C. perfringens from rabbit and the
absence of acquired resistance.
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INTRODUCTION

Zinc bacitracin is a polypeptide antibiotic with a range of action against Gram-positive bacteria. It is
widely used in Italian commercial rabbit farms because of its proven field efficacy against clostridiosis
and Epizootic Rabbit Enteropathy (ERE) (Mercier and Richard, 2001; Duperray et al., 2003; Coudert
and Licois, 2004). Its administration in the feed or water of fattening rabbits significantly reduces
mortality and improves both growth rate and slaughtering weight in ERE infected units (King, 1980;
Boisot et al., 2004).

Gram-positive bacteria belonging to the genus Clostridium are commonly involved in the “enteritis
complex”, and rabbit enterotoxaemia, due to clostridial overload induced by antibiotic treatment and
high-carbohydrate/low-fibre diets, is well-known (Percy et al., 1993). C. spiroforme and C. perfringens
are commonly isolated in rabbit, but whereas the former is the proven primary agent of rabbit
enteropathy (Carman and Evans, 1984), the etiological role of C. perfringens is not yet well understood
and deserves further in-depth study. In spite of this, C. perfringens is considered by practitioners an
important cause of losses in fattening rabbits and a target for therapeutic and prophylactic treatment
in feed or water.

Some authors (e.g., Dewree et al., 2003; Le Normand et al., 2003) have compared bacteriological
findings and the presence of clostridial toxins in animals with ERE, and have hypothesised an
etiopathological link between C. perfringens and ERE. Enterotoxigenic strains of C. perfringens do
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turn out to be the most common bacteria isolated from ERE-affected animals, and greater frequency
of a-toxins has also been found in the caecal contents of rabbits dying of ERE than in those dying of
other enteric pathologies (Dewree et al., 2003; Le Normand et al., 2003). Even the most recent
studies, although confirming the role of Gram-positive micro-organisms in the etiology of ERE, seem
to minimise the involvement of C. perfringens, the presence of which in caecal contents may be a
consequence, rather than a cause, of the intestinal disorder caused by ERE (Marlier et al., 2005; Szalo
et al., 2006).

Despite the wide field use in Europe of this antimicrobial agent, there is little information about the in
vitro susceptibility to zinc bacitracin of clostridia isolated from rabbit. This may be due to the need
for anaerobes of an minimal inhibitory concentration (MIC) evaluation with the recommended methods
of agar or broth dilution: both methods are time-consuming, and commercial micro-methods are not
available for veterinary use. Data regarding the efficacy of bacitracin against C. perfringens in
poultry and swine (Dutta et al., 1983; Devriese et al., 1993; Watkins et al., 1997; Johansson et al.,
2004) are available but, as far as we know, no data focusing on the in vitro susceptibility of strains of
rabbit origin have been published. The present study was undertaken to explore this aspect.

MATERIAL AND METHODS

Bacterial isolates
To evaluate the in vitro activity of zinc bacitracin, a total sample of 123 C. perfringens field strains
isolated over a two-year period (2003-2004) and originating from 72 Italian rabbit herds was examined.
Most of the herds (96%) were located in Northern Italian regions. One isolate from one rabbit affected
with enteric syndrome was considered a field strain. A single outbreak was sampled in 66 herds; in 6
units, 2-4 enteric outbreaks were followed up. Outbreaks were considered to be different when at
least one month distanced the isolates.

C. perfringens was isolated from the caecal content by cultivating on Perfringens Agar Base (Oxoid),
supplemented with 5% (v/v) sheep red blood cells, polymixin B sulphate and kanamycin (S.F.P.
supplement, Oxoid); plates were incubated in anaerobic conditions (10% CO2, 10% H2, 80% N2) at
37°C for 24 h. Colonies with the characteristic morphology, black colour and a double haemolytic
halo, were subcultured on Columbia Agar containing 5% of sheep red blood cells. Identification of
isolates was performed with a standard biochemical test (API 20 A - bioMérieux). Field strains were
stored at –80°C in Schaedler Anaerobe Broth (Oxoid) until use.

Antimicrobial susceptibility test
MICs were determined using the agar dilution test in Brucella Agar, supplemented with laked sheep

Table 1: Distribution of MICs1 for ATCC reference strains (* C. perfringens; ** Bacteroides fragilis;
*** Bacteroides thetaiotaomicron) obtained in the four test batches.

MIC ( µg/ml )
No. ATCC 0.06 0.125 0.25 0.5 1 2 4 8 16 32 64 128 256
No.

13*8263
10543* 3 1
13124* 1 3

31**58252
13***14792

1MICs: minimal inhibitory concentrations.
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blood, haemin and vitamin K1, as recommended in NCCLS document M11-A6 (2004). Zinc bacitracin
standard powder was solubilised, as indicated by the supplier (Alpharma AS, Oslo, Norway) and
diluted in sterile distilled water, and the stock solution was used to supplement Brucella Agar plates
with zinc bacitracin concentrations ranging from 0.06 to 256 µg/ml.

Stored strains of C. perfringens were revitalised in supplemented Brucella Agar. The MIC inocula
was 2 µl of C. perfringens broth cultures containing approximately 1 × 105 CFU. MICs were recorded
after 48 h of incubation (37°C) in anaerobic conditions, by means of the interpretative criteria of
NCCLS (2004).

Internal reproducibility of the test
In order to check the internal reproducibility of the method, five reference strains (C. perfringens
ATCC 3628, ATCC 10543, ATCC 13124, Bacteroides fragilis ATCC 25285 and Bacteroides
thetaiotaomicron ATCC 29741) were used and included in each test batch.

RESULTS

The MIC values of the C. perfringens ATCC reference strains obtained in the four test batches are
listed in Table 1. The fit between each batch was good, since a variation of the endpoint of ± 1
dilution is considered by NCCLS normal variability of the MIC test (NCCLS, 2004).

The MIC values of field strains are listed in Table 2; most (94.3%) had MIC ≤ 0.5 µg/ml, a few (4%)
had MIC = 1 µg/ml, and only two (1.6%) had MIC = 16 µg/ml.

DISCUSSION

Bacitracin is a bactericidal peptide antibiotic which inhibits proper  cell wall synthesis and has
additional effects on bacterial membranes (Benning and Mathers, 1999; Butaye et al., 2003).

Data on the in vitro susceptibility of anaerobic bacteria to antimicrobial agents for veterinary use are
quite difficult to produce, due to technical requirements and the lack of standardisation among
laboratories. The agar disk diffusion method is not currently approved by NCCLS (2004) for
antimicrobial susceptibility testing of anaerobic bacteria, and proper commercial ready-to-use micro-
methods are not available for veterinary antimicrobials. At present, updating the susceptibility or
resistance of anaerobes is a research effort of specialised laboratories, which monitor the activity of
antibiotics commonly used in veterinary therapy.

In the present study, C. perfringens displayed high in vitro susceptibility to zinc bacitracin, as 90%
of field strains were inhibited by 0.5 µg /ml of the drug.

Nearly all the study units (96%) were located in Northern  Italian regions, but results may be considered
representative of the national situation, as most rabbit production originates from these regions. No
overclustering of samples of field strains occurred either, as isolates were mostly collected from
different units and different enteric outbreaks. Despite the wide use of zinc bacitracin in Italian
fattening rabbit units, the spread of acquired resistance between rabbit isolates does not seem to be
relevant. A MIC required to inhibit the growth of 90% of organisms (MIC90)  of 0.5 µg/ml was obtained,

Table 2: Frequency of MICs1 of zinc-bacitracin for 123 C. perfringens isolates from rabbit.

MIC ( µg/ml ) 0.06 0.125 0.25 0.5 1 2 4 8 16 32 64 128 256

2557635sniarts.oN
1MICs: minimal inhibitory concentrations.
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turn out to be the most common bacteria isolated from ERE-affected animals, and greater frequency
of a-toxins has also been found in the caecal contents of rabbits dying of ERE than in those dying of
other enteric pathologies (Dewree et al., 2003; Le Normand et al., 2003). Even the most recent
studies, although confirming the role of Gram-positive micro-organisms in the etiology of ERE, seem
to minimise the involvement of C. perfringens, the presence of which in caecal contents may be a
consequence, rather than a cause, of the intestinal disorder caused by ERE (Marlier et al., 2005; Szalo
et al., 2006).

Despite the wide field use in Europe of this antimicrobial agent, there is little information about the in
vitro susceptibility to zinc bacitracin of clostridia isolated from rabbit. This may be due to the need
for anaerobes of an minimal inhibitory concentration (MIC) evaluation with the recommended methods
of agar or broth dilution: both methods are time-consuming, and commercial micro-methods are not
available for veterinary use. Data regarding the efficacy of bacitracin against C. perfringens in
poultry and swine (Dutta et al., 1983; Devriese et al., 1993; Watkins et al., 1997; Johansson et al.,
2004) are available but, as far as we know, no data focusing on the in vitro susceptibility of strains of
rabbit origin have been published. The present study was undertaken to explore this aspect.
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To evaluate the in vitro activity of zinc bacitracin, a total sample of 123 C. perfringens field strains
isolated over a two-year period (2003-2004) and originating from 72 Italian rabbit herds was examined.
Most of the herds (96%) were located in Northern Italian regions. One isolate from one rabbit affected
with enteric syndrome was considered a field strain. A single outbreak was sampled in 66 herds; in 6
units, 2-4 enteric outbreaks were followed up. Outbreaks were considered to be different when at
least one month distanced the isolates.

C. perfringens was isolated from the caecal content by cultivating on Perfringens Agar Base (Oxoid),
supplemented with 5% (v/v) sheep red blood cells, polymixin B sulphate and kanamycin (S.F.P.
supplement, Oxoid); plates were incubated in anaerobic conditions (10% CO2, 10% H2, 80% N2) at
37°C for 24 h. Colonies with the characteristic morphology, black colour and a double haemolytic
halo, were subcultured on Columbia Agar containing 5% of sheep red blood cells. Identification of
isolates was performed with a standard biochemical test (API 20 A - bioMérieux). Field strains were
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blood, haemin and vitamin K1, as recommended in NCCLS document M11-A6 (2004). Zinc bacitracin
standard powder was solubilised, as indicated by the supplier (Alpharma AS, Oslo, Norway) and
diluted in sterile distilled water, and the stock solution was used to supplement Brucella Agar plates
with zinc bacitracin concentrations ranging from 0.06 to 256 µg/ml.

Stored strains of C. perfringens were revitalised in supplemented Brucella Agar. The MIC inocula
was 2 µl of C. perfringens broth cultures containing approximately 1 × 105 CFU. MICs were recorded
after 48 h of incubation (37°C) in anaerobic conditions, by means of the interpretative criteria of
NCCLS (2004).

Internal reproducibility of the test
In order to check the internal reproducibility of the method, five reference strains (C. perfringens
ATCC 3628, ATCC 10543, ATCC 13124, Bacteroides fragilis ATCC 25285 and Bacteroides
thetaiotaomicron ATCC 29741) were used and included in each test batch.

RESULTS

The MIC values of the C. perfringens ATCC reference strains obtained in the four test batches are
listed in Table 1. The fit between each batch was good, since a variation of the endpoint of ± 1
dilution is considered by NCCLS normal variability of the MIC test (NCCLS, 2004).

The MIC values of field strains are listed in Table 2; most (94.3%) had MIC ≤ 0.5 µg/ml, a few (4%)
had MIC = 1 µg/ml, and only two (1.6%) had MIC = 16 µg/ml.

DISCUSSION

Bacitracin is a bactericidal peptide antibiotic which inhibits proper  cell wall synthesis and has
additional effects on bacterial membranes (Benning and Mathers, 1999; Butaye et al., 2003).

Data on the in vitro susceptibility of anaerobic bacteria to antimicrobial agents for veterinary use are
quite difficult to produce, due to technical requirements and the lack of standardisation among
laboratories. The agar disk diffusion method is not currently approved by NCCLS (2004) for
antimicrobial susceptibility testing of anaerobic bacteria, and proper commercial ready-to-use micro-
methods are not available for veterinary antimicrobials. At present, updating the susceptibility or
resistance of anaerobes is a research effort of specialised laboratories, which monitor the activity of
antibiotics commonly used in veterinary therapy.

In the present study, C. perfringens displayed high in vitro susceptibility to zinc bacitracin, as 90%
of field strains were inhibited by 0.5 µg /ml of the drug.

Nearly all the study units (96%) were located in Northern  Italian regions, but results may be considered
representative of the national situation, as most rabbit production originates from these regions. No
overclustering of samples of field strains occurred either, as isolates were mostly collected from
different units and different enteric outbreaks. Despite the wide use of zinc bacitracin in Italian
fattening rabbit units, the spread of acquired resistance between rabbit isolates does not seem to be
relevant. A MIC required to inhibit the growth of 90% of organisms (MIC90)  of 0.5 µg/ml was obtained,
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fitting the MIC values described by Devriese et al. (1993) with strains of poultry, porcine and bovine
origin, and by Benning and Mathers (1999) with C. perfringens of swine origin.

In 1997, Watkins et al. reported different results, but they used a micro-broth dilution test and found
a MIC90 of > 256 µg/ml for poultry isolates and 16 µg/ml for turkey strains. On one hand, these
differences may reflect the varying use of bacitracin in different countries and species; on the other,
they may be attributed to the different methods and media used: as reported by Benning and Mathers
(1999), the micro-broth dilution method overrates MICs. In addition, the interaction of red blood cells
and zinc bacitracin should be investigated (Benning and Mathers, 1999).

CONCLUSIONS

The agar dilution method used to evaluate MICs to zinc bacitracin of C. perfringens strains of rabbit
origin gave results indicating good reproducibility. The value of MIC90 = 0.5 µg/ml obtained in this
study revealed the high in vitro susceptibility of C. perfringens field strains isolated from rabbits
and the absence of acquired resistance phenomena in Italian rabbit populations.
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ABSTRACT:  Hepatic coccidiosis occurred in 56 rabbits belonging to different ages, sexes and breeds during the
years from 2002 to 2005. Clinically, the severely affected rabbits showed decreased growth rate, anorexia,
debilitation, listlessness, diarrhea, icterus and rough hair coat. Postmortem examinations revealed increased
dirty dull straw colored peritoneal fluid. Hepatomegaly, with presence of discrete yellowish-white nodules of
1mm to 1 cm size on the surface and throughout the parenchyma, was seen. Smears from peritoneal fluid
showed rafts of mesothelial cells. Impression smears from the liver nodules revealed presence of numerous
developmental stages of Eimeria stiedae corresponding with the stage of the liver lesion. These were intermixed
with sheats of hepatobiliary cells and inflammatory cells and the changes were reflective of the histological
changes like biliary hyperplasia, cholangitis and vacuolar changes occurring in the liver. There was increase
in the thickness of basement membrane with the advanced stage of the lesion. The basement membrane was
up to 1-2 µm in thickness forming loop like structures over which resided hyperplastic biliary cells containing
different stages of the parasite. Some thickened basement membranes were devoid of overlying cells which
had desquamated and were present in the ductal lumens suggesting that the basement might have the local
defensive role in warding off the coccidial infection. The basement membrane was positive for neutral
mucopolysaccharides while as the inflammatory zones and biliary epithelia along with the gametogonic stages
of the coccidium reacted positively to the increased acid mucopolysaccharides qualitatively. The results
showed that the occurrence of hepatic coccidiosis in female rabbits coincided with the breeding and kindling
periods. Direct wet mount smears from bile aid in diagnosis of the disease. Impression smears from the liver
nodules might represent the histological changes in the liver. The basement membrane thickening might have a
defensive role in warding off the coccidial infection.

Key words: Rabbits, hepatic coccidiosis, Eimeria stiedae, pathology, local defense.
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INTRODUCTION

Rabbit farming, for fur and meat production, has emerged as an important livestock enterprise in
many parts of temperate and  subtropical areas of India, especially the North Eastern region, Himachal
Pradesh, Uttar Pradesh, Uttaranchal, Jammu and Kashmir, Tamil Nadu, Kerala and Karnataka. It offers
profitable returns because of their early maturity, prolific breeding and shorter gestation period.
Further rabbit wool is of superior quality as compared to sheep wool and has better insulation
properties. The average wool production of an Angora rabbit varies from 800-1000 g in a year while
a broiler rabbit produces about 4 kg of meat (Gupta, 2005). The profitability of the rabbit industry is
dependent primarily on good feed conversion (Varga, 1982). The remuneration from this enterprise is
greatly decreased owing to susceptibility of the rabbits to various diseases.


