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with Cd was originally associated with prior use of antibiotics 
[14], however, active community-associated Cd infections that 
are not linked to antibiotic therapy or hospitalization have 
recently emerged, suggesting risk factors other than antibiotics 
use in Cd infections [15,16]. In addition, toxigenic Cd strains were 
isolated from large swaths of potential sources that include pet 
animals [1], human food, food animals such as cattle, swine, and 
horses [2,3,6,17], and from the environment [18].

Companion animals could play critical role in community-
acquired Cd infections if they harbor any of the hyper-virulent 
antimicrobial-resistant toxigenic Cd strains [19]. Dogs in 
particular, given their intimacy with humans, could be potential 
reservoirs for Cd infections, especially in the elderly, immune-
compromised, and hospitalized individuals [20]. Prevalence 
of Cd in sick and healthy dogs and their implication as a 
possible reservoir for community-acquired Cd infections was 
previously suggested [7,21-23]. Studies on the prevalence and 
characterization of Cd in sheltered dogs are limited; one study 
was conducted overseas, Germany, [24] while the other study 
was performed on dogs housed in temporary shelters at the 
University of California Veterinary Medical Hospital, Davis [21]. 

The objective of this work was to investigate if sheltered and 
household dogs could be potential sources for Cd acquisition. 
Here, we compared the prevalence of Cd in healthy household 
dogs versus dogs kept in shelters for long- term/ long-term 
sheltered dogs. We also examined if any of the Cd isolates in dogs 
bore toxin associated genes. 

Materials and Methods
Study area, gender, age, and number of dogs

Two groups of dogs, from shelters in two counties in the 
state of Alabama (Lee and Russell counties, AL, USA), and a 
third group from household dogs, in one of the above counties, 
were examined. Of the total 197 samples investigated, 105 were 
obtained from males and 92 were from females. Among the 197 
dogs, Group A consisted of 70 male and female dogs (35 from 
each gender). These dogs were from first Humane Shelter in 
Lee County. Group B consisted of 60 total dogs, 36 males and 24 
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Introduction
Clostridium difficile (Cd) is a gram-positive spore-forming 

anaerobic bacillus that causes gastroenteritis in many animals 
as well as humans [1-7]. The disease in humans is well studied 
and infection ranges from mild or moderate diarrhea to severe 
life threatening Pseudomembranous Colitis (PMC) [8]. In the 
United States, recent finding shows an increase in the incidence 
of both community-acquired and hospital-acquired Cd infections 
[9]. Besides toxigenicity, prevalence of hyper-virulent multi-drug 
resistant strains is on the rise [10]. In humans, the presence of 
toxigenic Cd in the gut can be associated with disease in immune-
compromised patients [11], the elderly, and/or in people on 
long-term antibiotic treatment.

Infection with Cd causes clinical disease by two potent 
exotoxins, toxin A (tcdA) enterotoxin and toxin B (tcdB) cytotoxin 
both located in the pathogenicity locus of this bacterium [12]. 
This locus also has three accessory genes, tcdC, tcdR and tcdE. 
Recently, Cd strains that are toxin A negative and toxin B positive 
were implicated in clinical Cd infections [13]. Clinical infection 
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females from a second Humane Shelter in Russell County. Group 
C consisted of 67 dogs, 34 males and 33 females from household 
dogs in the same county as Group A. The median age for the study 
of household dog animals was 6.6 years with a mean of 4.3 years. 
The household dogs did not receive any antibiotic treatment or 
visited a veterinary hospital in the past two months prior to the 
study.

Sample collection and Cd culture

A total of 197 anaerobic rectal charcoal swabs (Thermo 
Fisher Scientific Remel Products, Lenexa, KS) were obtained as 
part of a survey. They were immediately stored at 4ᵒC. Following 
collection swabs were then transported to the laboratory and 
processed within 2 hours after collection. 

Charcoal swabs were inoculated into pre-reduced 
Cycloserine-Cefoxitin-Fructose Broth (CCFB) tubes with 
Cd selective supplement (Thermo Fisher Scientific Remel 
Products, Lenexa, KS) and 0.1% sodium taurocholate (Biosynth 
International, Itasca, IL). The CCFB broth was prepared in the 
laboratory as described by [22]. The CCFB tubes were incubated 
at 37ᵒC for 48 hours anaerobically using Gaspak anaerobic 
chamber (Thermo Fisher Scientific Remel Products, Lenexa, 
KS). Alcohol shock was performed as described elsewhere [23]. 
Samples were then centrifuged at 14,000 rpm for 10 minutes, 
supernatant was discarded and aliquots were streaked onto pre-
reduced Cycloserine-Cefoxitin-Fructose Agar (CCFA) 9 Applied 
Biosystems, Foster City, CA) with Cd selective supplement and 
7% laked horse hemolyzed blood and vitamin K-hemin (Thermo 
Fisher Scientific Remel Products, Lenexa, KS). The agar culture 
plates were incubated anaerobically at 37ᵒC for 48 hours. Control 
medium was inoculated with ATCC 9689 strain as positive 
control.

Identification of (Cd) isolate

Presumptive Cd growths were identified by colony 
morphology, gram stain appearance, horse manure smell, 
and L-proline aminopeptidase test (Thermo Fisher Scientific 
Remel Products, Lenexa, KS). Confirmation was performed 
using Clostridium difficile latex agglutination test (Microgen 
Bioproducts, Surrey, UK). Confirmed isolates were then sub-
cultured on Brain Heart Infusion agar (BD Biosciences, Sparks, 
MD), supplemented with 5% horse blood and incubated 
anaerobically at 37ᵒC for 48 hours. Presence of toxins secreting 
isolates was confirmed with ELISA, X/pect Clostridium difficile 
Toxin A/B test kit (Thermo Fisher Scientific Remel Products, 
Lenexa, KS).

DNA extraction

DNA was extracted from 3-5 pure colonies and re-suspended 
in PrepMan® Ultra Sample Preparation kit following the 
manufacturer procedure (Applied Biosystems, Foster City, CA).

Primers design for PCR ribotyping and toxin gene 
analysis

The completed genome sequence data of Cd strain 630 
(Accession numbers NC_008226 for plasmid and NC_009089 

for reference genome) was retrieved from the NCBI (http://
www.ncbi.nlm.nih.gov/genomes/lproks.cgi) microbial genome 
sequencing database to V-NTI Advanced-11 (Life Technologies, 
Grand Island, NY) for the design and modification of primers. 
Primers 16S-F-m and 23S-R-m2 for PCR-ribotyping were 
designed with modification from previous work [25]. The 
ribotyping forward primer in this study was spaced only 45 
bp upstream of the published forward primer (see Table 3) 
and therefore targeted the same locus. We could not locate the 
published reverse primer sequence on the genome strain 630. 
The primers we used yielded band patterns between 332-664 
base pair (bp). These primers were then analyzed in-silico at 
(http://insilico.ehu.es/PCR/) for the number of fragments and 
clear band resolution. Likewise, primers for toxin and associated 
genes tcdA, tcdB, tcdC, tcdD and tcdE were designed from strain 
630 that contains the toxin operon. The primers for toxins were 
designed to provide 600, 500, 400, 300, and 200 bp, respectively 
(Table 3). Specificities of these primers were confirmed using 
BLAST (http://www.ncbi.nlm.nih.gov/blast/) & in-silico analysis 
(http://insilico.ehu.es/PCR/). Furthermore, V-NTI Advanced-11 
software was used for testing of these primers including oligo-
dimer, hair-loop formation and similar melting temperatures. 
Only primers showing the most specificity to the target sequences 
were ordered from Integrated DNA Technologies (IDT, Coralville, 
IA). Finally, presence of toxin proteins were analyzed using X/
pect ELISA kit (Thermo Fisher Scientific Remel Products, Lenexa, 
KS). PCR amplification profiles and toxin analysis were compared 
with reference type strain Cd ATCC-9689 (American Type Culture 
Collection, Manassas, VA).

All PCR reactions were set up on an isolated PCR station 
(AirClean Systems, Raleigh, NC) that was UV-treated daily, and 
after each use. Pentaplex PCR for toxin gene analysis and PCR 
for ribotyping were performed in 50 µl final volume containing 
0.2 µM of forward and reverse primers, 25 µl of Pwo Master mix 
containing 1.25 U of Pwo enzyme, 2 mM MgCl2 and 0.2 mM dNTPs 
(Roche Diagnostics, Mannheim, Germany). The PCR amplification 
program consisted of 10 min at 95ᵒC, followed by 30 cycles of 15 
seconds at 95ᵒC, 15 seconds at 60ᵒC, and 60 seconds at 72ᵒC using 
Master cycler pro (Eppendorf, Humburg, Germany). Presence of 
bands was analyzed using gel electrophoresis on 2.5% of agarose 
(NuSieve 3:1 AGAROSE, Lonza, Houston, TX, USA).

Data analysis

Data were analyzed by logistic regression analysis as 
described previously [21].

Results
In the present study Cd was isolated from apparently healthy 

dogs at prevalence rates of 4.1% in the study area. Of the 197 
total rectal swabs cultured in CCF selective medium, 13 showed 
positive results with pro test but only 8 were confirmed positive 
for Cd with latex agglutination kit. Cd was detected only in 
samples from sheltered dogs (groups A and B) none was detected 
in household dogs (group C). In sheltered dogs, Cd was detected 
in 8.6%, (6/70) sheltered dogs in group A, and in 3.3%, (2/60) 
sheltered dogs in group B (Table 1).

http://dx.doi.org/10.15226/2381-2907/2/1/00113
http://www.ncbi.nlm.nih.gov/genomes/lproks.cgi
http://www.ncbi.nlm.nih.gov/genomes/lproks.cgi
http://insilico.ehu.es/PCR/
http://www.ncbi.nlm.nih.gov/blast/
http://insilico.ehu.es/PCR/
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PCR ribotyping of Cd isolates revealed five types: type I three 
samples (258, 298, 311), type II one sample (269), type III one 
sample (289), type IV two samples (304, 262) and type V one 
sample (316) (Figure 1). Two of the isolates (lanes 9 and 11) 
were similar to the reference strain Cd ATCC 9689. Ribotypes I, 
II & III were all from dogs in shelter A, ribotype IV was shared 
between group A and B one sample for each. Ribotype V was 
detected in one sample from group B. 

Analysis of the toxin associated genes revealed presence 
of the highly potent toxins A and B in 75% of all the isolates 
identified (6/8), with the exception of 289 and 316. In addition 
sample 316 has a visual weak band of toxin B gene. Of the 70 dogs 
from group A, 5 out of 6 of these dogs was harboring toxigenic 
genes (62.5%), 2 were A+B+ variant and 3 were A-B+ variant 
(Table 2). Of the 60 dogs from group B, 2 was Cd positive but 
only 1 (12.5%) carries the toxic genes of Cd, A+B+ variant (Table 
2). One isolate A+B+ from group A and another A+B+ variant 
from group B showed presence of cdtR gene similar to positive 
control (Figure 2). Of the 8 Cd positive isolates, three samples 
were positive for toxin production (A and/or B) when analyzed 

using X/pect ELISA kit (Remel) yielding a 37.5 % (3/8) toxin 
producing Cd variants, (2 from group A and 1 from group B). Of 
the 67 household dogs in group C, none was positive or shedding 
Cd (Table 2). The sheltered dogs were all adult dogs but their age 
was unknown and thus could not be evaluated for age/ carriage 
analysis. Although the age factor in group C dogs (median of 6.6 
years) was known, it has no bearing on Cd colonization since the 
entire group tested was negative.

Analysis of the confirmed Cd colonization data based 
on gender, irrespective of the study area, showed a higher 
prevalence of Cd in females compared to males. Of the 8 samples 
that were positive in group A and B, 5 were from females (62.5%) 
compared to 3 (37.5%) that were from males. Within the study 
groups, the prevalence of Cd in male dogs was the highest in 
Group B (5.6%) compared to (2.9%) in Group A. In contrast, the 
Cd prevalence in female dogs was (0%) in Group B compared to 
(14.3%) in Group A (Table 1). Overall the carriage rate of Cd was 
significantly higher for females when compared to male dogs 
(odds ratio (OR) =1.9595, 95% Confidence Interval (CI) = 0.453 
to 8.4759).

Table 1: Prevalence of Cd in the study area.

Study Groups        Group A          Group B         Group C

Sex Males Females Males Females Males Females

+ve C. difficile       1       5       2       0       0 0

-ve C. difficile     34       30      34       24       34 33

Total sex/group     35       35      36       24       34 33

% prevalence/Sex/group    2.9%    14.3%     5.6%       0       0 0

% prevalence/Group              8.6%               3.3%                  0
Prevalence of Cd in the study area. Group A and B are sheltered dogs, while Group C is privately owned dogs. 
Overall, group A has the highest prevalence while group C has none. 
The carriage rate of Cd was significantly higher in female dogs compared to male dogs (odds ratio (OR) = 1.9595, 95% confidence interval (CI) = 
0.453 to 8.4759). 

Figure 1: Gel electrophoresis of Clostridium difficile (Cd) ribotyping. Among 8 Cd positive isolates, 5 different ribotypes (I-V) were found based on 
their gel electrophoresis profiles. These profiles include: type I (samples 258, 298, and 311) in lanes 2, 5, 8, respectively, type II (sample 269) in lane 
3, type III (sample 289) in lane 4, type IV (sample 304, 262) in lanes 9 and 11; and type V (sample 316) in lane 10; 100 bp DNA markers were included 
in lanes 1 and 7. ATCC 9689 positive control was in lane 13.

http://dx.doi.org/10.15226/2381-2907/2/1/00113
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Table 2: Toxin characterization of Cd in the study area.

Study Groups         Group A          Group B         Group C

A+/B+ isolates                 2                   1                  0

A-/B+ isolates                 3                   0                  0

A-/B- isolates                 1                   1                  0

A/B Eliza positive isolates                 2                   1                  0
Toxin characterization in the study area. 5 of toxigenic Cd variants from group A were A+ and/or B+ (62.5%) toxigenic strain while only one toxic 
variant was from group B (12.5%), two ELISA positive variants were from group A and one from group B.

Table 3: Primers used for ribotyping and toxinotyping.

Name Size amplified Primer sequence   Origin

16S-F 5’-CTGGGGTGAAGTCGTAACAAGG-3’ O, Neill, et al. [25] 1441-1464

23S-R 5’-GCGCCCTTTGTAGCTTGACC-3’        ,,

16S-F-m 332-664 bp 5’-CCGAAGCCGATTATCTAACCT-3’ This study 
1384-1404

23S-R-m2 5’-CTCCTAGTGCCAAGGCATCC-3’        ,,

ToxinA-F 600 bp GGATGGAATTTATATATGATAGAC        ,,

ToxinA-R CTGCCTAAAGCGAAAGCTATTT         ,,

ToxinB-F 500 bp AGCTCAAAGAGAAGAAAATCCTG         ,,

ToxinB-R TTCACAGAAATTAGCCCTTGAT         ,,

ToxinC-F 400 bp ATTTCCACCCATAGTTGATTCA         ,,

ToxinC-R ACCATGAGGAGGTCATTTCTAA         ,,

ToxinR-D-F 300 bp GAGTTTTACATTATGAAGAGGGAGA         ,,

ToxinR-D-R CTATTTTTAGCCTTATTAACAG         ,,

ToxinE-R 200 bp TCTAGTTTTGGAATAGATGGAGGA         ,,

ToxinE-F CTTAGCATTCATTTCATCTGTC         ,,

Primers used in the study. Ribotyping primers used (16SF) was spaced only 45bp upstream of a previously published one (O’Neill, et al. [25]).

Figure 2: Gel electrophoresis of Clostridium difficile (Cd) tcdA, tcdB, tcdD/R toxin genes detected by PCR. Genes for Toxin A and B were detected in all 
of the isolates (lanes 2-6 and 9-11) except in sample 289 (lane 4) and weak signal in sample 316 (lane 10). Besides the two major toxin genes A/B, 
isolates 304 (lane 9) and 262 (lane 11) possess genes tcdD/R like the type strain Clostridium difficile ATCC 9689. 

Discussion
The objective of this study was to investigate the prevalence 

of Cd in household dogs and long-term sheltered dogs. Cd was 
isolated from asymptomatic dogs with prevalence rates of 4.1%, 
8/197. Three observations can be surmised from the difference in 

Cd prevalence calculated from the Pro test and latex agglutination 
results. First, the latex agglutination is more specific than the Pro 
test as it excluded 5 samples that were initially positive in the 
Pro test. Second, out of the 8 positive isolates, 75% were carrying 
toxin genes (6/8). Third, as a matter of practical importance, 

http://dx.doi.org/10.15226/2381-2907/2/1/00113
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Cd detected by the Pro test should always be further confirmed 
by latex agglutination test and/or PCR analysis for gluD and tpi 
genes.

 Interestingly, of the three study groups, the Cd prevalence 
was highest in sheltered dogs from group A at 8.6 % followed 
by group B with 3.3% prevalence. None of the household dogs, 
group C were positive for Cd, suggesting 0% prevalence in this 
group. 

The differences in Cd prevalence between our three study 
groups could be due to differences in the housing environment 
and/ or management conditions. Given the association of Cd with 
the use of broad spectrum antibiotics, it is possible that the lack of 
Cd colonization in household dogs is due to absence of antecedent 
antibiotic exposure in this group and limited contact with many 
dogs as the case of sheltered dogs. Indeed in our communications 
with the owners of household dogs, none of the dogs in this group 
was treated with antibiotics in the last three months.

 Although the use of antibiotics in sheltered dogs is common, 
the lack of information on their clinical history does not allow 
us to suggest a direct link. Stress factor cannot be ignored as 
sheltered dogs lost their caring owners and comfortable lodgings 
where they end up living in different crowded houses. Another 
possibility is that sheltered dogs could acquire Cd from other 
dogs in the shelter. It is possible that acquirement of Cd from the 
shelter is more likely to happen as the spores of Cd can persist for 
long time from previous spore-shedder dogs. 

The lack of Cd carriage in household dogs is not surprising 
and generally reflects the lower carriage rate of both toxigenic 
and non-toxigenic Cd previously reported in healthy dogs in 
the community [7]. A previous study that tested Cd carriage 
in multiple species, including 52 household dogs, found 21% 
prevalence (11/52) all are non- cytotoxigenic Cd, with only one 
dog with a cytotoxigenic Cd strain. This suggests that Cd carriage 
in household pets is insignificant and perhaps is comparable to 
the lack of Cd pathogenicity in human infants [26]. 

Previous studies that evaluated Cd infection in normal versus 
diarrheic dogs reported Cd prevalence that varied between 4% 
[7] to 7% [4]. These figures are comparable to our findings of 
4.1% prevalence in shelter dogs.

Two previous studies evaluated Cd prevalence in normal 
dogs housed in shelters, of which one was conducted in Europe. 
In the first study (conducted in Germany) Cd was isolated from 
9 out of 165 (5.5%) dog samples and 5 out of 135 (3.7%) cat 
samples. Five PCR ribotypes (010, 014/020, 039, 045, SLO 066) 
were identified [24]. The second study was performed at the 
University of California (Davis) School of Veterinary Medicine 
where stool specimens from 152 dogs (in- and outpatients) were 
analyzed for the presence of Cd. An additional 42 stool specimens 
from dogs described as “recently” housed at local animal shelters 
were also examined [21]. Although Cd was isolated from the feces 
of 28 of the veterinary hospital patients (18.4%) with 14 of the 
isolates (50.0%) described as toxigenic, none was isolated from 
the 42 sheltered dogs. The shelter conditions in the University 

of California were described by the authors as temporary, thus 
different from the long-term dogs shelters used in our study. 
However, the 5.5% Cd prevalence reported in the German study 
is akin to our findings. 

Conclusion
Our study identifies sheltered dogs as a potential source for 

toxinogenic Cd; our study suggests that dogs housed in shelters 
could be reservoirs for Cd transmission to humans. Incorporation 
of customized tests for Cd diagnosis in sheltered dogs is desirable 
especially when they are offered for adoption and the adoptee 
is an elderly individual and/ or someone with an immune-
compromised health condition. 
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