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Abstract

Clostridium perfringens is a microorganism commonly found in the microbiota of humans and animals 
and a potential cause of enteric, muscle or nervous diseases. The treatment of these diseases is based on 
antimicrobial therapy and it is extremely important to know the antimicrobial susceptibility profile of 
the strains present in the region. The aim of this study was to evaluate the antimicrobial susceptibility of 
C. perfringens isolated from domestic and wild animals in Brazil against seven different antimicrobials. 
Forty-one strains from the stool samples of cattle (n = 12), buffalo (n = 2), goat (n = 3), dogs (n = 12) 
and wild carnivores (n = 12) were examined. The minimum inhibitory concentration was determined by 
the agar dilution method using Brucella agar supplemented with 5% of sheep blood, 0.1% of vitamin 
K, 0.1% of hemin and concentrations ranging from 0,25 to 256,0 mg L-1 of the following antibiotics: 
erythromycin, florfenicol, metronidazole, oxytetracycline, penicillin, tylosin, and vancomycin. All 
C. perfringens strains were susceptible to florfenicol, metronidazole, penicillin and vancomycin. 
Two strains (4.9%) were resistant to erythromycin and tylosin, while five (12.2%) were resistant to 
oxytetracycline, one of which (2.4%) from an ocelot.
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Resumo

Clostridium perfringens é um microrganismo comumente encontrado na microbiota de seres humanos 
e animais e potencial causador de enfermidades entéricas, musculares ou neurológicas. O tratamento 
das enfermidades é baseado em terapia antimicrobiana, sendo de extrema importância conhecer o perfil 
de susceptibilidade antimicrobiana das estirpes presentes na região em questão. O presente estudo teve 
como objetivo avaliar a susceptibilidade de estirpes de C. perfringens isolados de animais domésticos 
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e carnívoros silvestres no Brasil frente a sete diferentes antimicrobianos. Foram utilizados 41 isolados 
originários de bezerros (n = 12), búfalos (n = 2), caprinos (n = 3), cães (n = 12) e espécies de carnívoros 
silvestres (n = 12). A concentração inibitória minima foi determinada pelo método de diluição seriada em 
agar, utilizando-se o agar Brucella suplementado com 5% de sangue ovino, 0,1% de vitamina K, 0,1% de  
hemina  e concentrações variando de 0,25 a 256,0 mg L-1 dos seguintes antimicrobianos: eritromicina, 
florfenicol, metronidazol, oxitetraciclina, penicilina, tilosina e vancomicina. Todas as estirpes de C. 
perfringens testadas foram sensíveis ao florfenicol, metronidazol, penicilina e vancomicina. Dois 
isolados (4,9 %) foram resistentes a eritromicina e a tilosina, enquanto que cinco (12,2 %) estirpes 
foram resistentes a oxitetraciclina, sendo uma delas (2,4 %) proveniente de uma jaguatirica.
Palavras-chave: Resistência, sensibilidade, antibióticos, búfalo, bezerros, cães, carnívoros

Clostridium perfringens is a Gram-positive, 
anaerobic bacillus, Classified into five types (A - E) 
according to the production of four major toxins 
(alpha, beta, epsilon and iota) and commonly 
isolated from the environment or gastrointestinal 
tract of mammals and birds (SILVA et al., 
2009; SILVA; LOBATO, 2015). In animals, C. 
perfringens type A causes diarrhea in dogs, pigs 
and cattle (SILVA; LOBATO, 2015) and also causes 
gas gangrene in ruminants (GONÇALVES et al., 
2006). C. perfringens type D causes enterotoxemia 
in bovine, caprine and ovine species, associated 
with overfeeding and subsequent hemorrhagic 
enterocolitis, severe neurological signs and sudden 
death in some cases (FACURY-FILHO et al., 
2009). Despite the importance of C. perfringens 
as a pathogen for humans and animals, the role of 
this agent in wild carnivores remains unknown. 
The current understanding of C. perfringens 
pathogenicity is based on reported cases of 
hemorrhagic enterocolitis and nervous disorders 
(ZEIRA et al., 2012).

The treatment of C. perfringens-associated 
diseases primarily involves antibiotic therapy 
(RAMSEY; TENNANT, 2010), and several studies 
have evaluated the in vitro antimicrobial susceptibility 
of C. perfringens to commonly used drugs 
(JOHANSSON et al., 2004; MARKS; KATHER, 
2003; SALVARANI et al., 2012; SILVA et al., 2009; 
TANSUPHASIRI et al., 2005). However, these 
studies only assessed isolates from a single animal 
species and were restricted to strains from domestic 
animals. Thus, recent reports have highlighted the 

need for an empirical analysis of the most effective 
antimicrobial for treating C. perfringens infections in 
wild animals (ZEIRA et al., 2012).

Furthermore, some studies concerning the 
antimicrobial susceptibility of C. perfringens 
strains isolated from animals have shown a marked 
difference in resistance patterns for each country, 
regardless of the species examined, highlighting 
the importance of studies using local strains 
(SALVARANI et al., 2012; SLAVIĆ et al., 2011; 
SILVA et al., 2009). Despite this known importance, 
there are no studies concerning the antimicrobial 
susceptibility of C. perfringens isolates from animal 
species, such as cattle, buffaloes, goats and dogs, 
in Brazil. Therefore, the aim of this study was to 
evaluate the in vitro antimicrobial susceptibility of C. 
perfringens strains isolated from dogs, goats, cattle, 
buffaloes and wild carnivores to erythromycin, 
florfenicol, metronidazole, oxytetracycline, 
penicillin, tylosin, and vancomycin.

A total of 41 C. perfringens strains previously 
isolated from the stool samples of buffaloes, goats, 
calves, dogs and wild carnivores were examined in 
this study (table 1). Of the 41 samples, 38 samples 
were genotyped as C. perfringens type A using 
multiplex-PCR (VIEIRA et al., 2008), and the 
remaining three strains, isolated from goats with 
confirmed enterotoxemia, were genotyped as C. 
perfringens type D. Among the 12 C. perfringens 
strains isolated from wild carnivores, five strains 
were isolated from crab-eating fox (Cerdocyon 
thous), three strains were isolated from cougar (Puma 
concolor), and a single strain each was isolated 
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from oncilla (Leopardus tigrinus), jaguarundi 
(Puma yagouaroundi), maned-wolf (Crysocyon 
brachyurus) and ocelot (Leopardus pardalis). The 
maned-wolf and the ocelot that the strains were 

isolated from were under antibiotic therapy when 
the stool samples were collected. These animals 
were sampled at shelters for the rehabilitation of 
wild animals in Brazil.

Table 1. Number and origin, according to animal species and clinical history, of the Clostridium perfringens strains 
evaluated.

Species Clinical History Number of strains Total
Cattle Diarrheic 12 12

Buffaloes Diarrheic 2 2

Dogs
Diarrheic 2

12
Apparently healthy 10

Goats Confirmed enterotoxemia by C. perfringens type D 3 3

Wild carnivores
Apparently healthy 11

12
Diarrheic 1

Total 41

The minimum inhibitory concentration (MIC) 
was determined using agar dilution method, 
as recommended (Clinical and Laboratory 
Standards Institute, CLSI, 2011). The following 
antimicrobials were tested: penicillin, florfenicol, 
oxytetracycline, erythromycin, vancomycin, 
metronidazole and tylosin. The reference specimen 
Bacterioides fragilis (ATCC 25285) was used as 
a control. For the antimicrobials, the following 
concentrations were tested: 0.25, 0.5, 1.0, 2.0, 
4.0, 8.0, 16.0, 32.0, 64.0, 128.0 and 256.0 µg ml-1. 

The tests were performed on Brucella agar (Difco 
Laboratories, USA) supplemented with 5 % sheep 
blood, 10 µL of hemin and 10 µL of vitamin K 
(CLSI, 2011).

The results of the MIC analysis for the 41 
C. perfringens strains are summarized in table 
2. All strains were susceptible to florfenicol, 
metronidazole, penicillin and vancomycin. Two 
strains (4.9 %) were resistant to erythromycin and 
tylosin, whereas five strains (12.2 %) were resistant 
to oxytetracycline.

Table 2. Distribution of the minimal inhibitory concentrations (µg mL-1) and classification in susceptible, moderately 
susceptible and resistant for Forty-one Clostridium perfringens strains isolated from cattle, buffaloes, dogs, goats and 
wild carnivores. 

Antimicrobial
Number of strains and MIC (µg ml-1) Classification (%)

0.25 0.5 1 2 4 8 16 32 64 128 256 >256 S1 MS2 R3

Florfenicol 1 40 100 0 0
Metronidazole 25 16 100 0 0

Penicillin 41 100 0 0
Vancomycin 11 29 1 100 0 0

Erythromycin 2 18 19 2 95.1 0 4.9
Tylosin 20 19 2 95.1 0 4.9

Oxytetracycline 10 14 8 4 1 4 78.0 9.8 12.2
S1: Susceptible, MS2: moderately susceptible. R3: resistant (R). Classification based on the recommendations of the CLSI (2011).
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In the present study, all isolates were susceptible 
to penicillin, consistent with previous studies of 
strains isolated from various domestic species 
(GHARAIBEH et al., 2010; SLAVIĆ et al., 2011; 
SILVA et al., 2009). The beta-lactams are commonly 
used for the treatment of C. perfringens-associated 
diseases, and several studies have suggested that 
these antibiotics exhibit satisfactory results both in 
vitro and in vivo (MOODY et al., 1990). Although 
penicillin-resistant C. perfringens strains have 
previously been reported (TANSUPHASIRI et al., 
2005), this event is rare and has not been identified in 
studies of C. perfringens strains isolated from foals, 
piglets and broiler chickens in Brazil (SALVARANI 
et al., 2012; SILVA et al., 2009, 2013a).

Similar to previous reports, strains resistant to 
vancomycin and florfenicol were not observed in 
this study (GHOLAMIANDEHKORDI et al., 2009; 
JOHANSSON et al., 2004; SILVA et al., 2013a). 
Commonly used against infections with multi-
resistant microorganisms, reports of C. perfringens 
resistance to vancomycin are rare (TANSUPHASIRI 
et al., 2005). Moreover, in contrast to these results, 
recent studies have reported florfenicol-resistant C. 
perfringens isolates from cattle, chickens and pigs 
(GHARAIBEH et al., 2010; SALVARANI et al., 
2012; SLAVIĆ et al., 2011).

Consistent with the results obtained in the 
present study, other authors have reported that 
metronidazole, a drug commonly used to treat 
diarrhea in dogs and cattle, shows high efficacy 
in vitro against Clostridium (MARKS, KATHER, 
2003). Notably, C. perfringens strains resistant 
to this antimicrobial have also been increasingly 
documented (MARKS; KATHER, 2003; SLAVIĆ 
et al., 2011). Weese et al. (2001) reported a case 
of recurrent diarrhea from metronidazole-resistant 
C. perfringens, suggesting that clinicians must be 
aware of potential antimicrobial resistance when 
using metronidazole to treat diseases caused by this 
bacterium.

Two strains (4.9 %), isolated from healthy 
dogs, were resistant to macrolides (erythromycin 
and tylosin). Although studies with poultry 
(GHOLAMIANDEHKORDI et al., 2009; 
JOHANSSON et al., 2004) and pigs (SALVARANI 
et al., 2012) have reported a high number of C. 
perfringens strains susceptible to these antibiotics, 
resistance to these compounds is not rare 
(GHARAIBEH et al., 2010; SLAVIĆ et al., 2011). 
Importantly, two out of 12 samples isolated from 
dogs (16.7 %) were resistant to erythromycin and 
tylosin, representing a higher rate than the 1.6 % 
resistant strains previously reported (MARKS, 
KATHER, 2003) in a study with C. perfringens 
strains isolated from dogs in Canada, but lower 
than the 17 and 58 % of strains resistant to tylosin 
and erythromycin, respectively, reported in a recent 
study with foals in Brazil (SILVA et al., 2013a).

Moreover, the bimodal distribution for 
erythromycin and tylosin suggests the presence 
of resistance genes to these compounds. Previous 
reports have demonstrated that the resistance of C. 
perfringens strains to these antibiotics is commonly 
associated with the presence of erm (erythromycin 
ribosomal methylase) genes, which encode 
methylases that inhibit the action of most macrolides 
(SLAVIĆ et al., 2011). However, to date, there are 
no studies reporting the detection of antimicrobial 
resistance genes in C. perfringens  strains isolated 
in Brazil.

The antimicrobial, oxytetracycline, had the 
highest number of resistant strains (12.1 %) in this 
study, but this percentage is low compared with 
previously reports in several species (MARKS; 
KATHER, 2003; SALVARANI et al., 2012; 
SLAVIĆ et al., 2011; SILVA et al., 2009). Resistance 
to this class of antibiotics has been attributed to 
the presence of tetracycline resistance genes, such 
as tetA and tetB, which are commonly found in 
Clostridium strains (CHOPRA, ROBERTS, 2001; 
JOHANSSON et al., 2004).
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The five oxytetracycline-resistant strains in 
this study were isolated from two dogs, two goats 
(C. perfringens type D) and an ocelot. This study 
provides the first evaluation of the antimicrobial 
susceptibility of a strain of C. perfringens 
isolated from ocelot and is thus the first report of 
oxytetracycline resistance in strains isolated from 
this species. Recently, SILVA et al. (2013b) reported 
Clostridium difficile-associated diarrhea in ocelot 
after antibiotic therapy, suggesting the importance 
of the genus Clostridium as an enteropathogen in 
this species, particularly in captive animals.

Previous studies have reported the antimicrobial 
susceptibility of C. perfringens type D (SLAVIĆ 
et al., 2011) or type A (BRAZIER et al., 1985) 
strains isolated from goats, but this is the first 
study to evaluate the antimicrobial susceptibility 
of C. perfringens type D strains from goats with 
confirmed enterotoxemia. Surprisingly, two out of 
three tested strains were resistant to oxytetracycline. 
Notably, these three strains were obtained from 
animals belonging to three different farms from 
distant states in Brazil (Bahia, Minas Gerais and 
Rio Grande do Sul). Unfortunately, there are no data 
concerning the administration of antimicrobials in 
these animals. Nevertheless, this result encourages 
further studies, using a larger number of samples 
and focusing on the antimicrobial susceptibility of 
strains of C. perfringens type D from goats.

No multidrug resistant strains were identified in 
the present study, suggesting that no isolate showed 
simultaneously resistance to three or more drugs 
(CLSI, 2011). However, in this study, we isolated 
canine C. perfringens strain showing resistance 
to both erythromycin and tylosin and moderate 
sensitivity to oxytetracycline, indicating a profile 
similar to multidrug resistance.

The evaluation of antimicrobial susceptibility 
might be useful to guide clinicians during the 
treatment of diseases caused by this pathogen. 
This study provides the first characterization of 
the antimicrobial susceptibility of C. perfringens 

strains from wild carnivores and is the first study 
to consider isolates from canines, cattle, buffaloes 
and goats in Brazil. Future studies should evaluate 
the presence of resistance genes in the tested strains.
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