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NOTE

Clostridioides (Clostridium) di昀케cile 
is a spore-forming, anaerobic, Gram-positive 
bacillus responsible for antibiotic-associated 
diarrhea in humans (BURKE & LAMONT, 2014). 
In equines, C. difficile was first recognized as a 
pathogen more than 30 years ago (JONES, 1989). 
Despite its known importance as a major cause 
of diarrhea in colitis in foals and adult horses, 

the epidemiology of CDI in equine is still largely 
unknown (RODRIGUEZ et al., 2016). In fact, a 
previous study showed that veterinarians’ lack of 
awareness of CDI makes it di昀케cult to recognize 
the disease, commonly leading to unsuccessful 
treatment (SILVA et al., 2013). In addition to its role 
as an equine enteropathogen, there is some evidence 
of cross-species transmission of C. di昀케cile, leading 
to the hypothesis that C. di昀케cile infection (CDI) is a 
zoonotic disease (WEESE, 2020).

1Escola Veterinária, Universidade Federal de Minas Gerais (UFMG), 31270-901, Belo Horizonte, MG, Brasil. E-mail: rodrigo.otaviosilva@gmail.com. 
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ABSTRACT: Clostridioides (Clostridium) di昀케cile is the main causative agent of antimicrobial-related diarrhea in humans and a major 
pathogen-associated enteric disorder in foals and adult horses. Moreover, studies have suggested that animals are a possible reservoir of 
toxigenic C. di昀케cile strains for humans. Despite this known importance, the epidemiology of C. di昀케cile infection (CDI) in equine is still largely 
unknown. Therefore, this study described six cases of equine CDI occurring in Minas Gerais, Brazil, including the characterization of the 
isolates. All but one equine included in this research developed CDI after antimicrobial therapy, three of which occurred during hospitalization. 
Coinfection with Salmonella Heidelberg and S. Infantis was detected in three cases, making the antimicrobial treatment challenging. All 
animals recovered after metronidazole administration. All C. di昀케cile isolates were susceptible to metronidazole and vancomycin, while three 
were resistant to moxi昀氀oxacin and two were resistant to clindamycin. The isolates were classi昀椀ed as RT126 (n = 4), RT078 (n = 1), and 
RT014/020 (n = 1), all previously reported infecting humans and animals worldwide.
Key words: foals, horses, nosocomial, zoonosis, colitis.

RESUMO: Clostridioides (Clostridium) di昀케cile é o principal agente envolvido em diarreias associadas ao uso de antimicrobianos em seres 
humanos e um enteropatógeno de grande relevância em quadros de diarreia em potros e equinos adultos.  Em adição, estudos tem sugerido que 
animais são possíveis reservatórios de estirpes toxigênicas de C. di昀케cile para humanos. Apesar da importância na saúde animal e humana, 
a epidemiologia da infecção por C. di昀케cile (ICD) é ainda pouco conhecida. Dessa forma, o presente estudo tem como objetivo caracterizar 
seis casos de diarreia por C. di昀케cile ocorridos em Minas Gerais, Brasil. Com exceção de um animal, todos os equinos incluídos no presente 
estudo desenvolveram ICD após antibioticoterapia, três dos quais durante a hospitalização. Coinfecção por Salmonella Heidelberg e S. 
Infantis foi detectada em três casos, tornando o tratamento antimicrobiano desa昀椀ador. Todos os animais recuperaram após administração de 
metronidazol. Os isolados obtidos no presente estudo foram sensíveis a metronidazol e vancomicina, porém três estirpes foram resistentes a 
moxi昀氀oxacina e duas a clindamicina. Os isolados foram classi昀椀cados como ribotipos 126 (n=4), 078 (n=1) e 014/020 (n=1), todos previamente 
relatados em seres humanos com ICD no Brasil e em outros países.
Palavras-chave: potros, cavalos, nosocomial, zoonose, colite.

MICROBIOLOGy



2

Ciência Rural, v.51, n.8, 2021.

Diniz et al.

Therefore, this study described six 
cases of equine CDI that occurred between 2014 
and 2019 in Minas Gerais, Brazil. In this study, all 
obtained isolates were fully characterized to provide 
insights regarding the clinical and microbiological 
characteristics of CDI in horses and foals.

Six cases of CDI in equine that occurred 
between 2014 and 2019 (Table 1) were included 
in this study. Fecal samples of these animals were 
collected directly from the rectum in sterile containers 
and processed no later than 24 h. The present study 
was approved by the institutional ethics committee 
of Universidade Federal de Minas Gerais (CEUA-
UFMG), protocol 013/2014.

For diagnosis of CDI, all fecal samples 
were submitted to A/B toxins detection with a 
commercial ELISA test (C. di昀케cile Tox A/B II - 
Techlab Inc., USA). To isolate C. di昀케cile, equal volumes 
of stool samples and 96% ethanol (v/v) were mixed 
and incubated for 30 minutes at room temperature. 
Thereafter, 20 µL aliquots were inoculated on plates 
containing cycloserine-cefoxitin-fructose agar, 
supplemented with 7% horse blood and 0.1% sodium 
taurocholate (Sigma-Aldrich Co., USA). Following 
anaerobic incubation at 37 °C for 72 hours, all 
colonies with suggestive morphology (昀氀at, irregular, 
and with ground-glass appearance) were subjected 
to a previously described multiplex-PCR for a 

housekeeping gene (tpi), the toxin A gene (tcdA), the 
toxin B gene (tcdB), and a binary toxin gene (cdtB) 
(SILVA et al., 2011). C. di昀케cile isolates were PCR 
ribotyped and subjected to multilocus sequence typing 
as previously described (GRIFFITHS et al., 2010; 
JANEZIC & RUPNIK, 2010). The antimicrobial 
susceptibility of the isolated strains (n=6) against 
metronidazole, vancomycin, clindamycin and 
moxi昀氀oxacin were determined by the gradient test 
with the E-test method (Biomeriuex, Belgium) and 
the obtained values were interpreted according the 
CLSI (2017) and EUCAST (2019) guidelines.

All stool samples were also subjected 
to di昀昀erential tests for the diagnosis of the most 
common enteropathogens in horses. For detection 
of Salmonella spp., stool samples were inoculated 
into Rappaport broth (Oxoid, USA) and plated 
onto Hektoen and MacConkey agar (Oxoid, USA) 
following incubation at 37 °C for 24 h. Suggestive 
colonies were identi昀椀ed by PCR (KWANG et 
al., 1996) and serotyped at the Brazilian National 
Reference Laboratory of Enterobacteria of Oswaldo 
Cruz Foundation (FIOCRUZ) (GRIMONT & 
WEILL, 2007). Samples were also plated on 
MacConkey agar (Oxoid, USA) for Escherichia coli 
isolation and up to three lactose-fermenting colonies 
were subjected to a PCR for the detection of speci昀椀c 
virulent genes of E. coli pathovars (RAMOS et al., 

Table 1 - Clinical and epidemiological aspects, ribotyping (RT) and multilocus sequence typing (MLST) of Clostridioides difficile 
isolated from six equines with confirmed CDI. Brazil, 2014–2019. 

Case Age year 
First reason for 
antimicrobial 

therapy 

Nosocomial 
infection 

Clostridioides difficile diagnostic and characterization 
Other 

enteropath
ogens 

     A/B toxins1 Isolated strains2 
Antimicrobial 

resistance3 
 

1 13 years 2014 
Habronema 

spp. infection 
yes Positive 

A+B+CDT- 
RT014/020/ST2 

- - 

2 
2 

months 
2014 Pasty diarrhea No Positive 

A+B+CDT+ 
RT126/ST11 

- - 

3 
7 

months 
2015 Joint infection yes Positive 

A+B+CDT+ 
RT078/ST11 

CLIN - 

4 11 days 2018 
Surgery for 

patent urachus 
yes Positive 

A+B+CDT+ 
RT126/ST11 

MOX 
S. 

Heidelberg 

5 
3 

months 
2018 

Rhodococcus 
equi infection 

No Positive 
A+B+CDT+ 

RT126/ST11 
MOX S. Infantis 

6 
2 

months 
2019 

Profuse 
diarrhea 

No Positive 
A+B+CDT+ 

RT126/ST11 
CLIN, MOX S. Infantis 

 

1C. difficile Tox A/B II - Techlab Inc., Blacksburg, VA, USA; 2Ribotyping (RT), multilocus sequence typing (MLST); 3All strains were 
evaluated for resistance against metronidazole (MTZ), vancomycin (VAN), moxifloxacin (MOX) and clindamycin (CLI).  
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2019). For C. perfringens isolation, Shahadi Ferguson 
Perfringens (SFP) agar (Difco, USA) were used 
and isolated colonies were genotyped as previously 
reported (MEHDIZADEH et al., 2015; VIEIRA et al., 
2008). The presence of rotavirus and coronavirus was 
evaluated by commercial lateral 昀氀ow tests according to 
the manufacturer’s recommendation (Ecodiagnostica, 
Brazil). Fecal samples from animals 2 and 3 were also 
subjected to Lawsonia intracellularis detection by 
PCR (JONES et al., 1993) and oocyst detection by 
the 昀氀otation method (HOFFMANN, 1987).

In case 1, an adult horse (13 years old) 
was admitted to the Veterinary Hospital of the 
Federal University of Minas Gerais (VH-UFMG) 
for treatment of a habronemiasis complicated by a 
possible secondary bacterial infection diagnosed 
clinically. Four days after receiving a single dose of 
benzylpenicillin and dihydrostreptomycin, the animal 
developed acute profuse diarrhea, and a stool sample 
was collected. The horse was positive for A/B toxins 
and a toxigenic C. di昀케cile strains was isolated. No 
other enteropathogens were detected. The animal was 
treated with metronidazole and it fully recovered after 
approximately four days.

In case 2, a 2-month-old female horse was 
examined on a farm by a veterinarian. The animal 
had a history of a two-day episode of pasty diarrhea; 
until that time, no antibiotics had been administered. 
During the clinical examination, the animal was 
active, without signs of dehydration, and with normal 
corporal temperature. A stool sample was collected, 
and the clinician prescribed 昀氀orfenicol. The stool 
samples were negative for all enteropathogens tested, 
including C. di昀케cile and its toxins. Four days after 
initiating antibiotic therapy, the animal showed a 
marked worsening of clinical status. During the 
clinician’s second visit (昀椀ve days after the onset of 
the antibiotic treatment), the animal was dehydrated 
with a profuse green watery diarrhea and a marked 
presence of gas in the intestines. After clinical 
examination, a new stool sample was collected and 
once again subjected to the di昀昀erential diagnosis 
of enteropathogens. The animal was treated with 
昀氀uid therapy, enro昀氀oxacin, ceftiofur, and 昀氀unixin 
meglumine. The feces collected were positive for 
toxigenic C. di昀케cile and A/B toxins. The animal was 
then treated with metronidazole and it fully recovered 
following the administration.

In the third case, a 7-month-old male foal 
was admitted to the VH-UFMG for the management 
of a joint infection (septic arthritis). The animal 
received 昀氀orfenicol and developed a profuse green 
diarrhea three to four days after the initiation of this 

treatment. Antibiotic therapy was discontinued, and 
a stool sample was collected. CDI was con昀椀rmed by 
the detection of A/B toxins and isolation of toxigenic 
C. di昀케cile; no other enteropathogens were detected. 
The diarrhea persisted after two days; thus; the animal 
was treated with metronidazole. On the fourth day of 
this treatment, the fecal consistency was found to be 
normal. Consequently, a combination of 昀氀orfenicol 
and metronidazole was prescribed in order to treat 
the joint infection. The animal did not develop a new 
episode of diarrhea during this treatment.

In the fourth case, an 11-day-old male foal 
was subjected to surgery for patent urachus in the 
VH-UFMG. After the procedure, the animal received 
ceftiofur and gentamycin to prevent secondary 
bacterial infection. The foal developed a profuse green 
diarrhea two days after the onset of this treatment, and 
a stool sample was collected for di昀昀erential diagnosis 
of the main enteropathogens. CDI was con昀椀rmed 
in this animal, but S. Heidelberg was also isolated. 
Despite this, only metronidazole was prescribed. The 
fecal consistency became pasty after three days and 
returned to normal after 昀椀ve days.

In case 5, a 3-month-old foal with a 
history of respiratory distress was examined on a 
farm by a veterinarian. During the clinical examination, 
the animal was dyspneic, with fever, cough, and 
abnormal breath sounds in the lungs. Rhodococcus 
equi infection was con昀椀rmed by isolation from a 
nasal swab and azithromycin and rifampicin were 
prescribed for a 20-day-therapy. Fifteen days after 
the initiation of the treatment, the animal developed 
profuse diarrhea with a gelatinous consistency. A/B 
toxins and toxigenic C. di昀케cile were detected in the 
stool sample collected. S. Infantis was also isolated. As 
the treatment for pneumonia could not be discontinued 
at that time, the foal was maintained on azithromycin, 
and metronidazole was added. When the respiratory 
condition of the foal improved signi昀椀cantly after 昀椀ve 
days, azithromycin was discontinued. Conversely, the 
animal was still diarrheic at that time, and hence the 
treatment with metronidazole was maintained. The 
diarrhea only resolved completely seven days after 
the administration of treatment with metronidazole 
alone. Another stool sample was collected at this time 
and Salmonella Infantis was again isolated; A/B toxins 
were not detected, and C. di昀케cile was not isolated.

In case 6, a 2-month-old male diarrheic foal 
was treated on a farm with ceftiofur due to a clinical 
suspicion of salmonellosis. A stool sample was 
collected on the second day of the onset of diarrhea; 
CDI was con昀椀rmed, and S. Infantis was isolated. 
Due to the detection of these two enteropathogens, 



4

Ciência Rural, v.51, n.8, 2021.

Diniz et al.

the clinician decided to include metronidazole in 
the ongoing treatment (昀氀uid therapy and ceftiofur). 
Four days after this prescription, the animal was still 
diarrheic, and a new stool sample was collected. 
Again, the animal was positive for Salmonella spp. 
and A/B toxins, and toxigenic C. di昀케cile were also 
detected. The clinician then decided to discontinue 
ceftiofur and the animal completely recovered 昀椀ve 
days after metronidazole monotherapy. 

To the best of our knowledge, there are few 
studies that focus on the epidemiology and clinical 
characteristics of CDI in equine to date (DIAB et 
al., 2013). In the current report, we presented six 
successfully treated cases of CDI, including the full 
characterization of the isolates, which can add to the 
currently knowledge of the disease in horses and foals. 
In most of the cases included (昀椀ve out of six), the onset 
of diarrhea was preceded by antimicrobial therapy. 
Disruption of the gut microbiota by previous antibiotic 
therapy is a known risk factor for CDI in humans 
and animals, including equine (DIAB et al., 2013; 
RODRIGUEZ et al., 2016; KACHRIMANIDOU et 
al., 2019). Interestingly, except for azithromycin, all 
antimicrobials prescribed prior to the development 
of CDI in the animals studied are listed as the most 
common compounds associated with CDI in horses, 
including erythromycin, trimethoprim/sulfonamides, 
β-lactam antimicrobials (cephalosporins and 
penicillin), clindamycin, rifampicin, and gentamicin 
(DIAB et al., 2013; KACHRIMANIDOU et al., 
2019; NIWA et al., 2013). Nevertheless, it should be 
remembered that theoretically any antimicrobial can 
cause CDI (WEESE et al., 2006).

In case 2, even though the animal was 
clinically in a good condition and showed mild 
symptoms, the veterinarian prescribed antimicrobial 
therapy, an approach not recommended by the current 
literature (WEESE et al., 2007; SVF, 2013). In 
addition, no enteropathogens were detected in a stool 
sample collected at the onset of diarrhea, con昀椀rming 
that antimicrobial therapy was hardly necessary in 
this animal. Later, the animal had a marked worsening 
of the clinical signs, with profuse diarrhea, and hence 
CDI was con昀椀rmed. This particular case shows how 
empiric use of antimicrobial agents in foals should be 
avoided due to the risk of inducing CDI, as previously 
reported (WEESE et al., 2007).

It is worth noting that three of these 昀椀ve 
animals (cases 1, 3, and 4) developed the disease 
during hospitalization which were then classi昀椀ed 
as nosocomial CDI. Hospitalization is clearly a 
predisposing factor for CDI in humans (BURKE 
& LAMONT, 2014) and; although, seldom studied 

in animals, it has been recognized in horses (DIAB 
et al., 2013). In fact, simple hospitalization is 
known to be responsible for increasing the fecal 
shedding of C. di昀케cile in horses (KECEROVA et 
al., 2019) and Salmonella spp. (CUMMINGS et al., 
2016). Interestingly, antimicrobial administration 
and surgery were also shown to be risk factors for 
salmonellosis in hospitalized horses (CUMMINGS et 
al., 2016; ERNST et al., 2004), suggesting a possible 
co-infection in case 4.

In only one foal (case 6), diarrhea 
occurred without previous antimicrobial therapy or 
any other recognizable risk factor, which is known 
to occur sporadically (DIAB et al., 2013; NIWA et 
al., 2013; SILVA et al., 2013; WEESE et al., 2006). 
The possible coinfection with Salmonella spp., as 
seen in cases 4, 5 and 6, are also challenging due to 
the di昀昀erences in the compounds used to treat these 
diseases. Antimicrobial therapy for CDI in equines 
is based on metronidazole, which is not e昀昀ective at 
treating salmonellosis (CUMMINGS et al., 2016; 
SVF, 2013). Thus, a combination of antimicrobials 
could be necessary in these cases. In case 4, the 
clinician decided to prescribe only metronidazole, 
believing that diarrhea—which started a few days 
after antimicrobial prescription—was solely due 
to CDI. Moreover, the fast recovery of the animal 
after metronidazole therapy may also suggested 
that Salmonella spp. was present only as part of the 
microbiota of the animal, a known possibility (UZAL 
& DIAB, 2015).

In contrast to case 4, the foal from case 
6 was treated simultaneously with ceftiofur and 
metronidazole due to the detection of Salmonella spp. 
and C. di昀케cile. Interestingly, the animal only fully 
recovered after discontinuation of the beta-lactam 
antimicrobial, probably because of the di昀케culty 
imposed by this compound—used here to treat 
salmonellosis—in the microbiota recovery (LI et al., 
2017). Similarly, in case 5, due to coinfection with 
R. equi, S. Infantis, and C. di昀케cile, azithromycin and 
metronidazole were used together. Diarrhea was only 
resolved after the use of metronidazole monotherapy, 
suggesting that the action of azithromycin also 
impaired the microbiota recovery, thereby facilitating 
the maintenance of CDI (KHAN et al., 2016; LI et 
al., 2017). These 昀椀ndings should inform clinicians 
about the di昀케culties and outcomes expected when 
prescribing metronidazole with other antimicrobials 
to treat coinfections.

It is important to note that all animals were 
treated with metronidazole and recovered until seven 
days after treatment with this drug. Although, CDI 
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is a life-threatening disease in equine, most animals 
recover well if diagnosed and promptly treated with 
metronidazole (SILVA et al., 2013; WEESE et al., 
2006). This result also corroborated the results of 
antimicrobial susceptibility of the C. di昀케cile isolates; 
all isolates were fully susceptible to metronidazole. 
Although, already described in humans and in some 
animals, including equines, C. di昀케cile strains resistant 
to metronidazole can be considered rare (ANDRÉS-
LASHERAS et al., 2018; CHAHINE, 2018; JANG et 
al., 1997; KECEROVA et al., 2019).

Three strains were resistant to moxi昀氀oxacin 
and two were resistant to clindamycin; antimicrobials are 
known to increase the risk factors for CDI development 
in humans (BANDELJ et al., 2017; PIRŠ et al., 2013). 
Recently, KECEROVA et al. (2019) also reported resistance 
to clindamycin in C. di昀케cile isolates from Czech 
horses. However, in contrast with this research, none 
of the 16 isolates tested were resistant to moxi昀氀oxacin. 
These di昀昀erences reinforce the need for studies on 
antimicrobial resistance patterns of C. di昀케cile isolates 
from animals due to their relevance to human health.

Several studies have suggested a possible 
transmission of C. di昀케cile between animals and 
humans due to the high genetic similarity between 
isolates (RODRIGUEZ et al., 2016). In the present 
study, all C. di昀케cile strains were from ribotypes (RT) 
and sequence types (ST) known to cause infections 
in humans worldwide (DINIZ et al., 2019; OFORI et 
al., 2018). Of note, 昀椀ve out of the six isolates were 
classi昀椀ed as RT078 or RT126, which has been linked 
to the increasing occurrence of community-acquired 
CDI in humans (OFORI et al., 2018; WARRINER 
et al., 2017), reinforcing the concern of animals as a 
possible source of toxigenic C. di昀케cile strains.

The present study reported six cases 
of equine CDI. Most cases were associated with 
antimicrobial therapy, partly in hospitalized 
animals, and some spontaneously community-
acquired infections were also seen. The isolated C. 

di昀케cile strains showed resistance to some routinely 
prescribed antimicrobials and were from RT and ST 
typically associated with CDI in humans, reinforcing 
the need to a “One Health” approach to deal with C. 

di昀케cile (KNIGHT & RILEy, 2019).
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