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A B S T R A C T   

Clostridioides difficile infections (CDI) have a high morbidity and mortality rate and have always been considered 
a nosocomial disease. Nonetheless, the number of cases of community-acquired CDI is increasing, and new ev-
idence suggests additional C. difficile reservoirs exist. Pathogenic C. difficile strains have been found in livestock, 
domestic animals, and meat, so a zoonotic transmission has been proposed. 
Objective: The goal of this study was to isolate C. difficile strains in dogs at a veterinary clinic in Rio de Janeiro, 
Brazil, and characterize clinical and pathological findings associated with lower gastrointestinal tract disorders. 
Methods: Fifty stool samples and biopsy fragments from dogs were obtained and cultured in the CDBA selective 
medium. All suggestive C. difficile colonies were confirmed by MALDI-TOF MS and PCR (tpi gene). Vancomycin, 
metronidazole, moxifloxacin, erythromycin, and rifampicin were tested for antibiotic susceptibility. Biofilm, 
motility assays, and a PCR for the toxins (tcdA, tcdB, and cdtB), as well as ribotyping, were also performed. 
Results: Blood samples and colonic biopsy fragments were examined in C. difficile positive dogs. Ten animals 
(20%) tested positive for C. difficile by using stool samples, but not from biopsy fragments. Most C. difficile strains 
were toxigenic: six were A+B+ belonging to RT106; two were A+B+ belonging to RT014/020; and two were A- 
B- belonging to RT010. All strains were biofilm producers. In the motility test, 40% of strains were as motile as 
the positive control, CD630 (RT012). In the disc diffusion test, two strains (RT010) were resistant to erythro-
mycin and metronidazole; and another to metronidazole (RT014/020). In terms of C. difficile clinicopathological 
correlations, no statistically significant morphological changes, such as pseudomembranous and "volcano" le-
sions, were observed. Regarding hematological data, dogs positive for C. difficile had leucopenia (p = 0.02) and 
lymphopenia (p = 0.03). There was a significant correlation between senility and the presence of C. difficile in the 
dogs studied (p = 0,02). 
Conclusions: Although C. difficile has not been linked to canine diarrheal disorders, it appears to be more common 
in dogs with intestinal dysfunctions. The isolation of ribotypes frequently involved in human CDI outbreaks 
around the world supports the theory of C. difficile zoonotic transmission.   

1. Introduction 

Clostridioides difficile is a Gram-positive, spore-forming anaerobic 
bacillus that has been recognized as an important enteropathogen in 
both humans and animals [1,2]. In humans, it can colonize and 

proliferate in the gut, especially in cases of an imbalance of the intestinal 
microbiota, such as the use of broad-spectrum antibiotics, which leads to 
diarrhea and pseudomembranous colitis [3]. Most pathogenic isolates of 
C. difficile are associated with three major toxins, TcdA, TcdB, and CDT, 
which are the main virulence factors and promote, among other things, 
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detachment of the epithelial surface, extravasation of plasma proteins, 
and alteration of hydroelectrolytic transportation [4,5]. The conse-
quence is an enteric disease known as Clostridioides difficile infection 
(CDI). 

In humans, CDI was initially associated with the use of antibiotic 
therapy [6] in immunocompromised and hospitalized patients [3,7]. 
Nevertheless, the epidemiology of C. difficile has changed in recent de-
cades, growing in the community environment with different risk factors 
in greater frequency and geographical locations not yet described [8,9]. 
This new pattern associated with genotypic similarity, sometimes 
indistinguishable, recovered from human and animal isolates suggests a 
zoonotic possibility [10]. The One Health concept raises concerns about 
transmission sources beyond the hospital environment, such as nature, 
food, and animals [11]. There are substantial community reservoirs and 
evidence of long-range interspecies transmission, probably linked to 
anthropomorphic factors such as intensive animal husbandry, increased 
travel, international trade, and indiscriminate use of antibiotics in farm 
animals [11]. Surveillance focused on the One Health concept of 
C. difficile from diverse human, animal, and environmental sources, and 
that considered the specificities of each geographic region, which is 
critical for developing a better understanding of the epidemiological and 
genetic factors that contribute to the emergence, evolution, and spread 
of C. difficile [12]. 

As for dogs, close contact should increase an even greater risk for 
transmission, especially if the pet stays indoors. Studies show different 
rates of isolation for C. difficile, ranging from 0 to 18% for diarrheal [1,2, 
13–15] and non-diarrheal dogs [8,16–19], reaching 58% in association 
with specific groups, such as age [20–22] and contact with human or 
veterinary health facilities [23–26]. Due to the presence of toxigenic 
C. difficile strains in asymptomatic animals and the failure to reproduce 
the CDI in healthy dogs with or without antibiotic treatment [27], the 
role of C. difficile in canine enteric disease remains unknown [28,29]. 
There have been some reports of toxigenic strains of C. difficile being 
associated with diarrhea in dogs [1,2,4,13–16,30–33], including an 
outbreak in a veterinary hospital [34]. It is still unknown whether 
C. difficile represents an opportunistic pathogen or is simply a fortuitous 
finding in this animal species. 

Few reports of C. difficile in dogs have been published in Brazil [15, 
19,35,36] and none have linked the pathological findings in positive 
animals to diarrheal disorders. The purpose of this study was to isolate 
and characterize the clinical, epidemiological and pathological findings 
associated with C. difficile strains in dogs with disorders with lower 
gastrointestinal tract in Rio de Janeiro. C. difficile were also character-
ized according to their ribotype, antimicrobial resistance pattern, bio-
film production, and motility assay. 

2. Materials and methods 

2.1. Animals and sampling 

From 2018 to 2020, tissue, feces, and blood samples were collected 
from 50 domestic dogs with lower gastrointestinal tract disorders at a 
single diagnostic center, which works with several veterinary clinics, in 
the city of Rio de Janeiro. The study included all animals that underwent 
the colonoscopy procedure to elucidate any intestinal disease that 
caused diarrhea, abdominal discomfort or pain. There were no distinc-
tions related to the age, breed, gender, diet, or clinical history of the 
animals. The samples were obtained at random during the colonoscopy, 
depending on the total number of colonoscopies performed at the 
diagnostic center. A fragment of a colonic biopsy fragment was collected 
and placed in thioglycolate broth. All tubes were kept at room temper-
ature before being transported to the laboratory to be identified. The 
remaining fragments were placed in a 10% buffered formalin solution 
(QUIMESP QUÍMICA) and kept at room temperature for histopatho-
logical analysis. There was no standardization of the colonic biopsy site. 
In addition to the biopsy fragments, all animals had stool samples from 

de same day of the proceeds collected in a sterile screw-top container. 
Many of the fecal samples were obtained with the aid of an enema and 
the rest spontaneously. The vials were kept frozen at − 20 ◦C, until they 
were processed for C. difficile identification and isolation. Blood was also 
collected from the animals for hematological and biochemical analyses. 
All animal procedures in this study were approved by the institutional 
ethics committee of Universidade Federal do Rio de Janeiro-Rio de 
Janeiro (CEUA-UFRJ; protocol number 164/19). 

2.2. Epidemiological data 

A clinical epidemiological survey was completed by the tutors of the 
animals under study. This study looked at basic epidemiological data, 
such as age, race, and residential neighborhood; characteristics of the 
gastrointestinal disorder (aspect, frequency, duration, and treatment); 
whether the animals used antibiotics; and their clinical history, as well 
as some habits of the animal and its tutors. Animals up to 6 months old 
were classified as puppies; those from 6 months to 7 years old as adults; 
and those over 7 years old as seniors or geriatrics. 

2.3. Endoscopic scoring 

The images obtained during the colonoscopy procedure were cate-
gorized based on BSAVA (British Small Animal Veterinary Association, 
2008) criteria for tone, integrity, vascularization, consistency, intestinal 
caliber and content, and the presence of hemorrhage or other lesions. All 
analyses were conducted blindly and performed by two different 
pathologists. 

2.4. Histopathological classification of colonic lesions 

The tissue samples were all fixed in a 10% neutral buffered formalin 
solution and embedded in paraffin wax after being trimmed. Paraffin- 
embedded tissues were sectioned at a thickness of 5 μm and stained 
with hematoxylin and eosin (HE). The histopathological classification 
was performed by three different pathologists for the histopathological 
examination. Damage to the lining epithelium, alterations of Lie-
berkuhn’s Crypts (epithelial injury, dilation, and/or distortion), the 
concentration of goblet cells (hypoplasia or hyperplasia), circulatory 
alterations (hyperemia, edema, or hemorrhage), fibrosis, necrosis, su-
perficial deposition, and/or nature of the inflammatory cells were all 
examined (neutrophilic, eosinophilic, lymphoplasmacytic, or histocytic) 
[37–39]. 

2.5. Hematological and biochemical analyses 

Hematological analyses were performed manually, using a Neubauer 
chamber, microhematocrit centrifuge, and microscopic examination of 
the blood smears. The packed cell volume was determined using a 
microhematocrit centrifuge, and the reading was performed on an 
appropriate card from the same manufacturer. In the Turk solution, the 
total number of leukocytes (WBC) was analyzed in the Neubauer 
chamber. Using standard formulas and microscopic correlation, the 
mean corpuscular volume (MCV) and mean corpuscular hemoglobin 
concentration (MCHC) were calculated. Differential leukocyte counts 
were performed on 100 cells from blood smears stained by rapid panotic 
and examined under a light microscope. Platelets were counted indi-
rectly using an average count of ten fields in the terminal region of the 
blood smear under a light microscope (Bioval – L 1000B). 

The concentrations of albumin, alkaline phosphatase, alanine 
aminotransferase (ALT), gamma-glutamyl transferase (GGT), urea, 
creatinine, cholesterol and triglycerides were photometrically deter-
mined using a semi-automatic biochemical analyzer (Bioplus – BIO 200) 
and analytical kits (Labtest Diagnóstica). 
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2.6. Isolation and identification of Clostridioides difficile 

The rapid C. diff Quik Chek Complete (Alere®) enzyme immuno-
assay, which detects glutamate dehydrogenase – GDH antigen and 
toxins, was used to screen all fecal samples. The test was performed 
according to the manufacturer’s recommendations. Regardless of the 
results of the enzyme immunoassay, all samples were cultured in Clos-
tridioides difficile Brucella Agar (CDBA) a selective culture medium, with 
sodium taurocholate (0.01%), D-cycloserine (500 mg/L) and cefoxitin 
(0.0128 mg/L). 

Before inoculation in the culture medium, the fecal specimens were 
subjected a heat shock treatment for 1h at 60 ◦C to reduce the intestinal 
microbiota [40]. Following this incubation, approximately 1.0 g of feces 
was solubilized in conical tubes containing 1 mL of buffered saline and 
vigorously vortexed until the contents became homogeneous. Following 
the shock, 100 μL of each sample was seeded on CDBA plates. The plates 
were incubated for at least 7 days at 37 ◦C under anaerobic conditions 
(80% of N2, 10% of H2 and 10% of CO2) in a Glove Box (Coy Labs). The 
biopsy samples, which were placed in thioglycolate broth, were inocu-
lated in Blood Agar and CDBA, with no heating shock. All plates were 
incubated in anaerobic conditions, under the same conditions previously 
mentioned, for 48h into Blood Agar and 7 days into CDBA. Following 
this period, all colonies of both media were observed for the colonial 
appearance using a stereoscopic microscope (Carl-Zeiss, Jena). Gram 
staining was performed on colonies with typical morphology, the 
appearance of broken glass, and the odor of “horse manure”. To confirm 
species identification, all gram-positive bacilli colonies were subjected 
to mass spectrometry (MALDI-TOF/MS; Bruker®). The sample for 
analysis by MALDI-TOF MS was prepared by placing the colonies in the 
target plate and coating them with 1 μL of 70% formic acid, letting it dry 
at room temperature (TA); and coat them with 1 μL a 10 mg/mL of 
α-Cyano-4-hydroxycinnamic acid (70/30 acetonitrile/water with 0.1% 
trifluoracetic acid -TFA). After drying at RT in the dark the analysis was 
made. After MALDI-TOF MS confirmation (scores ≥2,3), C. difficile 
strains were genotypically confirmed by PCR in the strains positive for 
the species-specific gene, triose phosphate isomerase (tpi) [84]. 

2.7. Antibiotic susceptibility test 

Disk diffusion was performed as described by Fraga et al. (2016). The 
antimicrobials tested were 5 μg metronidazole (MTZ), 5 μg moxifloxacin 
(MXF), 5 μg erythromycin (ERY), 5 μg rifampicin (RIF) and 5 μg van-
comycin (VAN). Strains were grown on Brucella agar plates supple-
mented with hemin (5 μg/mL) and vitamin K (1 μg/mL) for 24 h at 37 ◦C, 
under anaerobic conditions (80% of N2, 10% of H2 and 10% of CO2) in a 
glove box. Before the test, an inoculum corresponding to the tube 1.0 of 
the McFarland scale (~3.0 × 108 CFU/mL) was prepared. For the 
inoculum on the plates, a sterile cotton swab was dipped in the sus-
pension and spread evenly across the plates. The antibiotic discs (Oxoid, 
Basingstoke) were placed on the plates and after incubation for 24h 
under anaerobic conditions. The next day, the zone diameters (mm) 
within the area of inhibited bacterial growth were measured. Strains 
susceptible to the antibiotics according to the following measurements: 
VAN ≥19 mm; MTZ ≥23 mm; MXF ≥20 mm; ERY ≥20 mm; RIF ≥30 
mm. The C. difficile R20291 strain (027 ribotype) was used as a control 
[41,42]. 

2.8. Motility test 

As described by Chunhui Li et al. [43], for motility assay an agar 
medium was prepared (37 g/L BHI broth medium, 0.3% agar [w/v] BD 
Biosciences Brazil®) and 25 mL poured into Petri dishes. The soft agar 
plates were then air-dried for 10 min in a laminar flow hood with 
airflow, transferred into the anaerobic chamber, and allowed to reduce 
inside the anaerobic chamber overnight before inoculation with 
C. difficile strains. A single colony of C. difficile was inoculated in the 

center of the plate test, which was then incubated for 72 h at 37 ◦C under 
anaerobic conditions (80% of N2, 10% of H2, and 10% of CO2). The 
swimming motility of the isolate was quantitatively determined by 
measuring the radius (millimeters) of the zone of motility at three 
different time points (24, 48, and 72 h). All motility assays were per-
formed in triplicate (three distinct plates). The strain CD630 (ribotype 
012) was used as a positive control. 

2.9. Biofilm production assay 

The biofilm production assay was performed as recommended by 
Pantaléon et al. [44] in 24-well polystyrene plates. Briefly, an overnight 
culture of C. difficile strains was diluted (1:100) into a fresh BHI-PRAS 
containing 1.8% glucose (Sigma), and 1 mL of this culture was distrib-
uted in each well. All tests were made in triplicate and the CD630 
(RT012) C. difficile strain was used as a positive control. To avoid 
evaporation 1 mL of sterile 1x PBS (0.1M) was added to empty wells. The 
plate was incubated under anaerobic conditions at 37 ◦C for 3 days. After 
incubation, the media was removed out of the wells and gently washed 
with 1x PBS (0.1M). The plate was incubated for 10 min at 37 ◦C for 
drying, then fixed (90% ethanol and 5% acetic acid) for 20 min at RT. 
After removing the fixing solution, the plate dried for 10–20 min at 37 
◦C, and crystal violet (0.2% w/v) was added in each well and incubated 
at 37 ◦C for 30 min. The wells were washed 2x with 1 x PBS and the 
absorbance value measured in a spectrophotometer at 570 nm (Ultro-
spec 2000 UV/Visible Spectrophotometer®, Pharmacia Biotech). As a 
negative control, BHI-PRAS media was used for background staining 
quantitation, and the value obtained was subtracted from each sample 
measurement. Strains were considered biofilm producers as follows: OD 
≤ ODc (no biofilm); ODc < OD ≤ 2xODc (weak); 2xODc < OD < 4xODc 
(moderate); OD > 4xODc (strong); 3x ODc = cut off value average of the 
OD of the negative control; OD = average OD of a strain minus ODc. 

2.10. Molecular characterization of C. difficile 

To obtain the bacterial genomic DNA, C. difficile isolates were grown 
anaerobically in Blood Agar plates for 18 h at 37 ◦C. Three to five col-
onies were added to a solution containing 5% of Chelex 100 (Bio-Rad) 
and 2% of Proteinase K (20 mg/mL; Sigma-Aldrich) and the DNA ex-
tractions were obtained according to the manufacturer’s instructions. 
DNA samples were kept at − 20 ◦C until use. 

The presence of toxin A (tcdA), toxin B (tcdB) and binary (cdtB) genes 
was evaluated by a protocol described by Wroblewski et al. [45,47]. The 
final volume of each reaction for the detection of toxin genes was 25 μL 
each, which included 12.5 μL of Master Mix (Promega), 1.25 μL of 
primers (0.5 pmol/μL), and 3 μL of DNA in sterile water. All amplifi-
cation reactions were performed in a thermocycler (Applied Biosystems 
Veriti 96 – well ThermalCycler) and the cycling run conditions being 95 
◦C for 5 min; followed by 30 cycles of three steps of 94 ◦C for 30 s, 50 ◦C 
for 30 s and 72 ◦C for 40 s; and finishing with a final extension at 72 ◦C 
for 5 min. Five microliters of the PCR reaction were mixed with the Blue 
Green Loading dye I (LGC) and the electrophoreses was made in 1x TAE 
running buffer (0.1 M Tris, 1M acetic acid and 0.5 M EDTA) on a 1.0% 
agarose gel (Sigma-Aldrich) for 1h at 100 V. Following the run, the gel 
was observed under UV transillumination (MiniBis Pro® Dnr 
Bio-Imaging System), and the sizes of the amplicons compared to the 1 
Kb ladder (Invitrogen). In all reactions, C. difficile strain R20291 
(RT027) was used as a positive control. 

The isolates were also characterized by Bidet et al. [46] using an 
agarose gel-based PCR-ribotyping method, which amplifies the inter-
genic regions of the 16S–23S ribosomal subunit. However, the primer 
sequence used was similar to that used by Aldape et al. [47]. The PCR 
mix consisted of 5 μL of Green GoTaq® G2 5x buffer (Promega), 0.5 μL 
dNTP (0.2 mM), 1.25 μL of each primer (0.5 pmol/μL), 0.2 μL of Taq 
polymerase (5U/μL), 5 μL of DNA and sterile water until a final volume 
of 25 μL was reached. The following cycle was used to perform the 
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amplification reaction: initial denaturation of 94 ◦C for 3 min; 34 cycles 
of 94 ◦C for 1 min, 57 ◦C for 1 min and 72 ◦C for 1 min; and a final 
extension of 72 ◦C for 5 min, followed by ending at 4 ◦C. After ampli-
fication, PCR products were submitted to an electrophoresis in 2% 
agarose gel (SeaKem® Gold Lonza) in 1x TBE (89 mM Tris, 89 mM boric 
acid and 2 mM EDTA) buffer at 85 V, 400 mA for 3h. The gel was sub-
merged in a 0.5 μg/mL ethidium bromide solution for 30 min to visu-
alize the amplicons. The banding patterns were analyzed using 
BioNumerics® software (Applied Maths®, Belgium) in comparison to 
the 100 bp DNA ladder (Invitrogen). The nomenclature of the ribotypes 
found was designated following the Cardiff/Leeds standard (001, 002, 
014, etc). 

3. Results 

C. difficile was found in ten of the 50 dogs studied, accounting for 
20% of dogs with disorders in the lower gastrointestinal tract. In this 
study, animal fecal material was used to isolate the bacteria because the 
colonic biopsy fragments were negative. Other Clostridium genus mem-
bers were co-isolated and identified by MALDI-TOF MS, such as 
C. perfringens and C. paraputrificum, but C. difficile was positive in 40% 
(4/10) samples. C. difficile isolates from eight of ten (80%) were toxi-
genic and belonged to ribotypes 106 (6/10) and 014/020 (2/10). The 
remaining two isolates (20%) were non-toxigenic and belonged to 
ribotype 010. The C. diff Quik Chek Complete test detected only 12.5% 
(1/8) of the toxigenic samples. The binary toxin CDT was not found in 
any isolate. 

Clinical and epidemiological parameters for our study were exam-
ined in general, based on all negative and positive samples and by 
ribotype. In this group of animals, advanced age was found to be a 
significant (p < 0.05) and relevant risk factor, with 90% (9/10) of 
positive dogs for C. difficile being 7 years old or older. Although it had 
the greatest age diversity, with a single 2-year-old specimen, RT106 
maintained an average age of 9.1 years among the animals where it was 
isolated. Because all C. difficile-positive animals had clinically man-
ifested diarrhea, this was not deemed a significant factor (p = 0.24). The 
frequency with which the animals visited veterinary institutions (p =
0.15) and pet stores (p = 0.15) had no effect on the occurrence of 
C. difficile colonization. The same was found for concomitant diseases (p 
= 1.00) and the other parameters investigated: antibiotic therapy, 
corticosteroid therapy, hospitalization, and contact between the ani-
mal’s tutor and hospital environments for professional or even health 
reasons. The clinical and epidemiological parameters’ ribotype analyses 
were not significant. Table 1 contains the main information about the 
dogs who tested positive for C. difficile. 

Fig. 1 summarizes the antimicrobial susceptibility pattern found in 
this study. Resistance was observed in three strains (ES14, ES20, and 
ES48) from the positive dogs for C. difficile. ES14 (RT010) and ES48 

(RT014/020) showed resistance to MTZ and reduced susceptibility to 
VAN, whereas ES20 (RT010) was only resistant to MTZ. For the other 
microbials tested, there was variable resistance regarding ERY and MXF. 
No strain showed resistance to RIF. 

The biofilm assay revealed that all C. difficile strains were biofilm 
producers, but isolates ES14 (RT010), ES32 (RT106), and ES39 (RT106) 
were strong biofilm producers (Fig. 2). Conversely, the motility test 
revealed that ES11 (RT106), ES14 (RT010), ES16 (RT106), and ES20 
(RT010) were as motile as the positive control, CD630 (RT012) (Fig. 3). 

Considering the parameters that most change in human CDI, the 
hematological and serological data of greater relevance to our work 
were grouped according to all the animals in the study (Table 2) and 
according to the ribotypes of the C. difficile positive samples (Table 3). 
Global leukometry revealed changes in 50% of the positive animals, 
with 40% falling below the species’ normal values. Only leukopenia was 
statistically significant among C. difficile positive animals (p = 0.02). 
Regarding the results of the specific leukometry, 80% of the positive 
animals for C. difficile had lymphocytes below the normal limit in the 
absolute values – lymphopenia (p = 0.03) – and 40% had absolute 
neutrophils above the species’ normal parameters for – neutrophilia (p 
= 0.70). The ratio of neutrophil and lymphocyte counts (NLR) is 
currently used as an important prognostic parameter in C. difficile in-
fections. The NLR of 40% of the positive animals was greater than 10, 
indicating a more unfavorable prognosis in these animals. Despite the 
lack of statistical significance, both RT010 strains (100%) had an un-
favorable NLR. 

Pathologically, no macro or microscopic changes associated with 
C. difficile infection, like pseudomembranes or volcano lesions, were 
observed in the dogs in this study. Histopathological examination of 
colonic biopsy fragments revealed morphological alterations common to 
different etiologies, such as epithelial injury, distortion in Lieberkuhn’s 
crypts, and modification in the concentration of goblet cells, in addition 
to the presence of an inflammatory infiltrate, edema, hemorrhage, ne-
crosis, and a surface deposit (Fig. 4). While 90% of the positive samples 
had epithelial injury, edema, and hyperemia, there was no statistical 
significance in any of the parameters analyzed (Table 4), nor in the 
comparison by ribotype. 

4. Discussion 

The current study included only animals with diarrheal disorders and 
found that 20% of the animals tested positive for C. difficile, corrobo-
rating the higher rates of isolation [35,48,49]. However, the prevalence 
did not appear to be associated with any of the groups, such as puppies 
[21,22,50], hospitalized animals [51], those who visited veterinary 
hospitals [23,24,26], and those who attended human health facilities 
[25,52]. Comparing with the study conducted by Rainha et al. [15] with 
asymptomatic dogs from the same geographic region, in our study the 

Table 1 
Main data from dogs that tested positive for Clostridioides difficile and molecular characteristics of the isolates.  

Dogs Age (≥7 
years) 

Presence of 
diarrhea 

Previous antibiotic 
treatment 

Hospital 
contactants 

Previous 
hospitalization 

Co-isolation with other 
potential agents 

Toxin 
profile 

aRibotype 
profile 

bAlere 
test 

ES11 + + – – – – A+B+CDT- 106 +

ES14 + + + – + + (Clostridium perfringens) A− B-CDT- 010 +

ES16 + + + – – + (Clostridium perfringens) A+B+CDT- 106 +

ES20 + + + – + + (Clostridium perfringens) A− B-CDT- 010 +

ES32 + + – + – – A+B+CDT- 106 +

ES33 – + + – – + (Clostridium 
paraputrificum) 

A+B+CDT- 106 +

ES39 + + + – + – A+B+CDT- 106 +

ES43 + + – – + – A+B+CDT- 014/020 +

ES44 + + – – – – A+B+CDT- 106 +

ES48 + + – – – – A+B+CDT- 014/020 +

a Clostridioides difficile ribotypes according to the molecular biology methodology ribotyping-PCR. A+ - positive for the gene tcdA (toxin A); B- positive for the gene 
tcdB (toxin B); CDT – Negative for the binary toxin gene (cdtB); (+): yes; (− ): no. 

b - C diff Chek complete (Alere®): (+): indicates positivity for GDH (C. difficile). 
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prevalence rate of C. difficile isolation was higher. 
We attempted unsuccessfully to isolate C. difficile from endoscopy 

biopsy fragments to provide a sampling alternative for its detection, 
possibly due to the small sample size associated with the use of washing 
solution for better colonoscopy visualization. Tang et al. [53] had 
already reported such difficulty in microbiota studies, justifying the 
result by the marked decrease of the microbiota in quantity and variety 
caused by washing solutions, the irregular distribution of microorgan-
isms in the lumen, and the small surface area. In this manner, the fecal 
sample was used to isolate C. difficile. C. difficile was identified using two 
diagnostic methods, as recommended by ESCMID. Even though the 
ALERE® C. diff quik chek Complete kit was only used for human sam-
ples, it proved to be an excellent screening test, detecting GDH in 100% 
of positive samples. It should be noted that our findings were compa-
rable to those found in humans by other authors using the rapid kit, who 
reported sensitivity, specificity, and negative predictive value greater 
than 93% for the species [54–56]. On the other hand, the same kit’s 

search for toxins performed worse than previously reported [56,57]; 
however, we were able to identify the genes responsible for the toxins. 
To confirm it and obtain more diagnostic information, we performed the 
cultivation, followed by colony isolation and species confirmation using 
mass spectrometry (MALDI-TOF MS) and PCR (toxins and ribotyping). 

Antibiotic therapy, corticosteroid therapy, and hospitalization were 
not found to be risk factors for canine nosocomial colonization in our 
study. This finding supports what was previously reported by other 
authors [23,48,58,59], which points to a community origin observed by 
Ref. [10]. It is worth remembering that one of the issues with the 
community profile is a lack of knowledge about the risk factors associ-
ated with such a profile. 

In terms of the animal’s age, there appears to be a high colonization 
rate associated with their first weeks of life [20,21,50]; however, this 
attribute due to the absence of neonates in the study, could not be 
analyzed. The decline in gastrointestinal microbial diversity with 
advancing age has already been demonstrated in several animal species 
[60], resulting in a progressive decline in immune function, making the 

Fig. 1. Antimicrobial susceptibility test 
of Clostridioides difficile strains isolated 
from dogs of this study. The antimicro-
bial agents tested included vancomycin 
(VAN), moxifloxacin (MOX), erythro-
mycin (ERI), metronidazole (MTZ) and 
rifampicin (RIF). Resistance was 
observed in three strains (ES14, ES20 and 
ES48). ES14 (RT010) and ES48 (RT014/ 
020) showed resistance to MTZ and VAN, 
whereas ES20 (RT010) was only resistant 
to MTZ. The R20291 (RT027) was used 
as a positive control in the disk diffusion 
test.   

Fig. 2. Biofilm production assay of the Clostridioides difficile strains isolated in 
this study from dogs with colitis. The strains ES14, ES32 and ES39 were strong 
biofilm producers; ES11, ES16, ES20, ES33, ES43, ES44 and ES48 were mod-
erate biofilm producers. The CD630 (RT012) and BH-PRAS were used as pos-
itive and negative controls. Measurements were taken based on two different 
biological assays with strais in triplicate. 

Fig. 3. Swimming motility assay of the Clostridioides difficile strains isolated in 
this study. The strains ES11, ES14, ES16 and ES20 were considered as motile as 
the positive controle, CD630 (RT012). Measurements were taken based on three 
different biological assays with strais in duplicate. 
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individual susceptible to infections and autoimmune and neoplastic 
diseases [61]. In humans, senility is one of the major risk factors for CDI 
[62]. In our study, older, senior, or geriatric animals had a higher 
prevalence of C. difficile (p = 0.02), as reported by Refs. [14,59]. 
Nonetheless, this characteristic does not appear to be limited to the 
community profile, as reported by Struble et al. [4] in a similar pattern 
in a teaching hospital. 

When compared to other studies involving diarrheal dogs, a much 
higher number of toxigenic isolates of C. difficile (80%) were recovered 
[10,15,51,63]. They were all positive for toxins A and B, but negative for 
the binary toxin, CDT. The C. difficile isolates in this study belong to 
RT106 (6/10), RT014/020 (2/10), and RT010 (2/10). RT106 was the 
most prevalent in our study, which was not surprising given that this is 
the most isolated ribotype in dogs. Some studies suggest that RT106 
rapid spread occurred at the expense of the strain’s high resistance to 
environmental decontamination [64,65] and a variety of potential ani-
mal reservoirs, including dogs [66], coatis [36], and mollusks [67]. This 
ribotype has also been linked to human-acquired CDI (HA-CDI) [68,69] 
and CA-CDI [70,71]. The RT014/020 is also widely distributed 
geographically [72–74] and isolated in several animal species [36,66, 
75], including domestic dogs [49,63,76]. In addition to reports of CDI in 
hospitalized patients in Brazil [72,77], the isolation of this ribotype in 
various species suggests that humans and animals have a high adapta-
tive capacity [66]. Concerning RT010, this ribotype has been identified 
as one of the most frequently isolated strains from humans and dogs in 
Europe [31,49,78], and is commonly associated with healthy people, 
but it has also been found in dogs with digestive disorders [18]. 

Two strains belonging to ribotypes, RT014/020 and RT010 were 

resistant to metronidazole and showed reduced susceptibility to van-
comycin, respectively. Antibiotic resistance in C. difficile isolates from 
humans and dogs is becoming more common [2,18,63] and both anti-
microbials have long been used as first-line drugs for the treatment of 
CDI [79]. Metronidazole is widely used for treating several diseases in 
dogs, especially diarrhea, and we have not identified strains resistant to 
this antimicrobial in dogs in Rio de Janeiro previously. Due to its 
widespread use in the treatment of Giardia infections, recent studies 
have suggested a phenotype of reduced susceptibility to MTZ in dogs 
[32,59,63]. This potential risk for the emergence of C. difficile strain 
resistance to the current first-line antibiotics associated with the ability 
of its pathogenicity locus (PaLoc) transfer from toxinogenic to 
non-toxinogenic strains, as described by Brouwer et al. [80], raised 
significant concerns in public health and in the therapeutic protocols in 
the veterinary medical clinic. Conversely, vancomycin is not an 
approved drug to be used in dogs in Brazil, and still, non-toxigenic strain 
presented a reduced susceptibility profile to this drug. Some strains 
isolated in our study were also resistant to erythromycin and 
moxifloxacin. 

There have been no reports of clinical laboratory changes in dogs, 
caused by the presence of C. difficile. In contrast to what is typically seen 
in human patients with CDI, 40% of the dogs in our study had leuko-
penia (p = 0.02). Although infectious processes cause leukopenia that 
progresses to sepsis [81], more information about the clinical history of 
the animals is needed to rule out other etiologies, such as hemopar-
asitosis, viruses, neoplasms, autoimmune diseases, drugs, and so on. 
Lymphopenia was found in 80% of C. difficile-infected dogs (p = 0,03), 
correlating with human medicine in cases of recurrence and implying 
that this parameter can also be used to aid in the diagnosis of CDI in 
veterinary medicine. Recently, the ratio of neutrophil and lymphocyte 
counts (NLR) has been associated with a variety of inflammatory con-
ditions, including C. difficile infection [82] as a prognostic factor. The 
NLR was greater than ten in 40% (4/10) of the positive animals, indi-
cating a poor prognosis. Even though there was no statistical signifi-
cance, two of the dogs with an NLR greater than ten belonged to RT010. 
When the animals from which RT010 strains were isolated were 
compared individually, they still showed hypoalbuminemia (p < 0.05) 
and a more accentuated pattern of anemia, as well as a more severe 
clinical presentation with marked hematuria and progression to death. 

The colonoscopy characteristics of this study were obtained from a 
variety of third-party professionals, making the macroscopic analysis 
impossible to correlate due to a lack of standardization. The most 
common changes, in any case, were hyperemia, edema, hemorrhage, 
erosions, ulcerations, and increased mucoid content. No pseudomem-
branous were found in any of the animals studied. Because all the ani-
mals were symptomatic, the presence of colitis was not a positive 
predictor of C. difficile strains. Even though some of the microscopic 
changes associated with CDI were frequently observed, no statistically 
significant changes were found. Half of the C. difficile positive samples 
had varying degrees and distributions of neutrophilic infiltrates, but 
none of them had typical "volcano" lesions. 

C. perfringens was isolated from three positive samples, one positive 
sample with C. difficile RT106 and two with RT010. Some research 
groups have reported the co-isolation of C. perfringens and the previous 
association of these species with diarrheal disorders in dogs [10,35,83], 
but future research must rule out the possibility that these species 
proliferated secondary to a dysbiosis of unknown etiology. 

Some studies have reported a link between diarrheal disorders in 
dogs and the presence of toxigenic strains of C. difficile in feces [35,51, 
58]. However, the prevalence rates of toxigenic C. difficile found in 
apparently healthy animals [28,29] make it difficult to determine 
whether the disease is subclinical in these animals or if they are only 
carriers. Weese et al. [10] contended that, despite being asymptomatic 
carriers, dogs can become symptomatic carriers when exposed to risk 
factors. There is still debate over whether C. difficile is a primary or 
secondary pathogne [16]. All the dogs in our study had some sort of 

Table 2 
Hematological and serological data of the dogs included in the study.  

Hematological and 
Serological 

Prevalence in 
animals negative for 
C. difficile 

Prevalence in 
animals positive for 
C. difficile 

P 
Value 

% % 

Low packed cell volume/ 
Anemia 

36 (14/38) 50 (5/10) 0.48 

High Global 
Leukometry/ 
Leukocytosis 

15 (6/38) 10 (1/10) 1.00 

Low global leukometry/ 
Leukopenia 

8 (3/38) 40 (4/10) 0.02 

Absolute value of low 
lymphocytes/ 
Lymphopenia 

40 (15/37) 80 (8/10) 0.03 

Neutrophil/lymphocyte 
(greater than 10) 

24 (6/37) 40 (4/10) 0.42 

Low albumin 24 (9/38) 20 (2/10) 1.00  

Table 3 
Hematological and serological data of the dogs included in the study positive for 
Clostridioides difficile according to the ribotype.  

Clinical-epidemiological data RT 106 RT 010 RT 014/020 

% p 
Value 

% p 
Value 

% p 
Value 

Low packed cell volume/ 
Anemia 

50 1.00 100 0.44 0 0.44 

High Global Leukometry/ 
Leukocytosis 

83 0.1 0 1.0 0 1.0 

Low Global Leukometry/ 
Leukopenia 

50 0.19 0 0.46 50 1.0 

Absolute value of low 
lymphocytes/Lymphopenia 

66 0.46 100 1.00 100 1.00 

Neutrophil/lymphocyte 
(greater than 10) 

33 0.19 100 0.13 0 0.46 

Low albumin 0 0.13 100 0.02 0 1.00 

Statistical significance of p value (p < 0.05); RT- Ribotype. 
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diarrheal disorder. Despite the suspicion of C. difficile pathogenic po-
tential, it was not possible to establish statistical significance between 
the presence of this species and diarrhea. In this regard, we believe that 
further studies on the microbiota of colonized animals will be required 
to investigate species-specific interactions that aid in the understanding 
of the pathogenic process in these animals. 

Regardless of pathogenicity, the presence of genetically indistin-
guishable strains recovered from dogs and humans in common 
geographic regions [22] highlights the importance of epidemiological 
monitoring and the evolution of research on the subject. Despite the lack 
of evidence of direct transmission of C. difficile, the current study iso-
lated ribotypes known to be responsible for human CDI outbreaks from 
dogs, raising the possibility of zoonotic disease. Furthermore, identi-
fying C. difficile strains associated with the environment, food, and an-
imals is critical for the implementation of preventive measures and 
developing strategies to improve food safety and protect human and 
animal health. 

5. Conclusions 

Several studies from around the world suggest household pets as 
carriers and potential sources for pathogenic C. difficile to humans. This 
study provides a better understanding of the prevalence, diversity and 
resistance pattern of C. difficile colonization in dogs over time and space, 
implying some degree of interspecies movement or common source of 
exposure. Our study isolated 20% of C. difficile from diarrheic dogs in 
Brazil, all of which belonged to ribotypes commonly found in humans - 

Fig. 4. Cross-sectional histological sections of the 
colonic mucosa of animals positive for Clostridioides 
difficile in this study stained with hematoxylin-eosin 
and observed under light microscopy. Numbers indi-
cate the histopathological alterations: 1- Lympho-
plasmacytic inflammatory infiltrate in the lamina 
propria; 2- Surface deposit; 3- Hemorrhage; 4- Lining 
epithelium injury; 5- Edema; 6- Hyperemia; 7-Goblet 
cell hypoplasia; 8- Goblet cell hyperplasia; 9- Dilation 
of Lieberkuhn’s Crypts; 10- Pleocellular inflammatory 
infiltrate with predominance of neutrophils in the 
lamina propria. Each scale corresponds to 500 p.m.   

Table 4 
Histopathological changes associated with colonic biopsy fragments from the 
dogs included in this study.   

Prevalence in 
animals negative for 
C. difficile 

Prevalence in 
animals positive for 
C. difficile 

p 
Value 

% % 

Injury to the lining 
epithelium 

92 (37/40) 90 (9/10) 1.00 

Cryptal epithelium 
injury 

77 (31/40) 90 (9/10) 0.66 

Dilation of Lieberkuhn’s 
Crypts 

80 (32/40) 80 (8/10) 1.00 

Lieberkuhn’s Crypt 
Distortion 

25 (10/40) 10 (1/10) 0.42 

Goblet cell hypoplasia 45 (18/40) 30 (3/10) 0.48 
Goblet cell hyperplasia 22 (9/40) 30 (3/10) 1.00 
Edema 55 (22/40) 90 (9/10) 0.06 
Bleeding 50 (20/40) 50 (5/10) 1.00 
Hyperemia 57 (23/40) 90 (9/10) 0.07 
Necrosis 45 (18/40) 50 (5/10) 1.00 
Lymphoplasmocytic 

inflammation 
37 (15/40) 40 (4/10) 1.00 

Neutrophilic 
inflammation 

17 (7/40) 50 (5/10) 0.10 

Surface deposit 50 (20/40) 60 (6/10) 0.72 

Statistical significance of p value (p < 0.05). 
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106, 014/020 and 010 - and were mostly toxigenic. Resistance to 
metronidazole, moxifloxacin and erythromycin was found in strains 
isolated in our study. Future research will look into the clinicopatho-
logical aspects of diarrheic and non-diarrheic animals to clarify the 
pathogenic course in dogs. In addition to an increase in the frequency of 
CDI and the emergence of increased antimicrobial resistance. C. difficile 
surveillance from various human, animal and environmental sources is 
critical for developing a better understanding of the epidemiological and 
genetic factors that contribute to the emergence, evolution and spread of 
C. difficile. 
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[50] S. Álvarez-Pérez, J.L. Blanco, T. Peláez, M.P.P. Lanzarot, C. Harmanus, E. Kujiper, 
M.E. García, Faecal shedding of antimicrobial-resistant Clostridium difficile strains 

by dogs, J. Small Anim. Pract. 56 (3) (2014) 190–195, https://doi.org/10.1111/ 
jsap.12311. 

[51] J. Clooten, S. Kruth, L. Arroyo, J.S. Weese, Prevalence and risk factors for 
Clostridium difficile colonization in dogs and cats hospitalized in an intensive care 
unit, Vet. Microbiol. 129 (1–2) (2008) 209–214, https://doi.org/10.1016/j. 
vetmic.2007.11.013. 

[52] S.L. Lefebvre, D. Waltner-Toews, A.S. Peregrine, R. Reid-Smith, L. Hodge, L. 
G. Arroyo, J.S. Weese, Prevalence of zoonotic agents in dogs visiting hospitalized 
people in Ontario: implications for infection control, J. Hosp. Infect. 62 (4) (2006) 
458–466, https://doi.org/10.1016/j.jhin.2005.09.025. 

[53] Q. Tang, G. Jin, G. Wang, T. Liu, X. Liu, B. Wang, H. Cao, Current sampling 
methods for gut microbiota: a call for more precise devices, Front. Cell. Infect. 
Microbiol. 10 (2020) 151, https://doi.org/10.3389/fcimb.2020.00151. 

[54] M.A. Orellana-Miguel, A. Alcolea-Medina, L. Barrado-Branco, J. Rodriguez-Otero, 
F. Chaves-Sánchez, Algorithm proposal based on the C. Diff Quik Chek Complete 
ICT device for detecting Clostridium difficile infection, Enferm. Infecc. Microbiol. 
Clín. 31 (2) (2013) 97–99, https://doi.org/10.1016/j.eimc.2012.01.003. 

[55] J.-W. Cheng, M. Xiao, T. Kudinha, Z.-P. Xu, L.-Y. Sun, X. Hou, L. Zhang, X. Fan, 
F. Kong, Y.-C. Xu, The role of glutamate dehydrogenase (GDH) testing assay in the 
diagnosis of Clostridium difficile infections: a high sensitive screening test and an 
essential step in the proposed laboratory diagnosis workflow for developing 
countries like China, PLoS One 10 (12) (2015), https://doi.org/10.1371/journal. 
pone.0144604. 

[56] J. Sandlund, R. Mills, C. Griego-Fullbright, A. Wagner, J. Estis, A.J. Bartolome, 
A. Almazan, S. Tam, S. Biscocho, S. Abusali, N. Nolan, J.J. Bishop, J. Todd, 
S. Young, Laboratory comparison between cell cytotoxicity neutralization assay 
and ultrasensitive single molecule counting technology for detection of 
Clostridioides difficile toxins A and B, PCR, enzyme immunoassays, and multistep 
algorithms, Diagn. Microbiol. Infect. Dis. 95 (1) (2019) 20–24, https://doi.org/ 
10.1016/j.diagmicrobio.2019.04.002. 

[57] K.V. Ota, K.L. McGowan, Clostridium difficile testing algorithms using glutamate 
dehydrogenase antigen and C. difficile toxin enzyme immunoassays with C. difficile 
nucleic acid amplification testing increase diagnostic yield in a tertiary pediatric 
population, J. Clin. Microbiol. 50 (4) (2012) 1185–1188, https://doi.org/10.1128/ 
JCM.05620.11. 

[58] N.J. Cave, S.L. Marks, P.H. Kass, A.C. Melli, M.A. Brophy, Evaluation of a routine 
diagnostic fecal panel for dogs with diarrhea, JAVMA 221 (1) (2002) 52–59, 
https://doi.org/10.2460/javma.2002.221.52. 
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