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IntroductionIntroduction

•• While the role of While the role of C.C. difficile difficile as a bovineas a bovine

pathogen is unclear, there is evidence pathogen is unclear, there is evidence 

implicating it as a cause of neonatal implicating it as a cause of neonatal 

diarrhea in cattle. Further, the emergence of diarrhea in cattle. Further, the emergence of 

communitycommunity--associated associated C. difficile C. difficile infection infection 

and the presence of indistinguishable  and the presence of indistinguishable  

strains in humans, food animals and food strains in humans, food animals and food 

has raised concerns about the potential for has raised concerns about the potential for 

zoonotic or foodborne transmission.zoonotic or foodborne transmission.

•• Longitudinal study in some species has Longitudinal study in some species has 

demonstrated marked variations in demonstrated marked variations in 

prevalence between different age groups, prevalence between different age groups, 

but this has not been studied in cattle.but this has not been studied in cattle.

•• The prophylactic and therapeutic use of The prophylactic and therapeutic use of 

antimicrobials is a common practice in food antimicrobials is a common practice in food 

animal production systems, with tetracycline animal production systems, with tetracycline 

been one of the most used. The impact of been one of the most used. The impact of 

routine antimicrobial use on the prevalence routine antimicrobial use on the prevalence 
of of C. difficile C. difficile inin calves is not known.calves is not known.

ObjectivesObjectives

•• To longitudinally investigate To longitudinally investigate C. difficile C. difficile 

colonization in veal calves and to colonization in veal calves and to 

characterize recovered isolates. characterize recovered isolates. 

•• To determine the impact of tetracycline To determine the impact of tetracycline 

treatment on tetracycline resistance and to treatment on tetracycline resistance and to 

determine the impact of tetracycline determine the impact of tetracycline 

resistance on prevalence of specific strains.resistance on prevalence of specific strains.

MethodsMethods

•• One veal farm in Southern Ontario, raising One veal farm in Southern Ontario, raising 

male Holstein calves obtained from multiple male Holstein calves obtained from multiple 

dairy farms, was used. dairy farms, was used. 

•• Calves were 2 to 10 days of age at arrival Calves were 2 to 10 days of age at arrival 

and were either housed in groups (rooms 1 and were either housed in groups (rooms 1 

and 2) or individually (rooms 3 and 4). and 2) or individually (rooms 3 and 4). 

•• As per standard farm protocols, calves were As per standard farm protocols, calves were 

fed milk replacer with oxytetracycline (22.2 fed milk replacer with oxytetracycline (22.2 

mg/kg/day) for 5 days after arrival to control mg/kg/day) for 5 days after arrival to control 

respiratory diseases.respiratory diseases.

•• Fecal samples were collected within 48h Fecal samples were collected within 48h 

after arrival and repeated after one, 17 and after arrival and repeated after one, 17 and 

21 weeks (5 days prior to slaughter).21 weeks (5 days prior to slaughter).

•• Enrichment in Enrichment in C. difficile C. difficile moxalactammoxalactam--

norfloxacinnorfloxacin (CDMN) broth with 0.1% (CDMN) broth with 0.1% 

taurocholatetaurocholate was followed by inoculation was followed by inoculation 

onto CDMN agar after alcohol shock.onto CDMN agar after alcohol shock.

•• Isolates were characterized by ribotyping Isolates were characterized by ribotyping 

(Bidet et al., 1999). All strains, but ribotype (Bidet et al., 1999). All strains, but ribotype 

078, were classified with an internal 078, were classified with an internal 

nomenclature. nomenclature. 

•• PCR detection of PCR detection of tcdtcdAA, , tcdtcdBB ((LemeeLemee et al., et al., 

2004), 2004), cdtcdtAA. (Stubbs et al., 2000), . (Stubbs et al., 2000), tettetMM (Ng (Ng 

et al., 2001) and et al., 2001) and tcdtcdCC sequence analysis sequence analysis 

were performed. were performed. 

•• Tetracycline susceptibility was evaluated Tetracycline susceptibility was evaluated 

using the using the EtestEtest method (breakpoints: R> method (breakpoints: R> 

≥≥16 16 µµgg/ml, S<4 /ml, S<4 µµgg/ml, I 4/ml, I 4--16 16 µµgg/ml)./ml).

•• Multivariable logistic regression models Multivariable logistic regression models 

were built to determine the impact of date of were built to determine the impact of date of 

sampling, and room on tetracycline sampling, and room on tetracycline 

resistance and the presence of resistance and the presence of tettet(M(M) gene. ) gene. 

•• The correlation between presence of The correlation between presence of tettet(M(M) ) 

and phenotypic resistance to tetracycline and phenotypic resistance to tetracycline 

was calculated by the Spearmanwas calculated by the Spearman’’s test. s test. 

DiscussionDiscussion

•• The high prevalence at arrival was not The high prevalence at arrival was not 

surprising, as a high prevalence of surprising, as a high prevalence of 

colonization has been reported in young colonization has been reported in young 

calves. calves. 

•• The use of oral The use of oral oxytetracyclineoxytetracycline may have may have 

contributed to the increase the shed of contributed to the increase the shed of C. C. 

difficile difficile during the 2during the 2ndnd sampling.sampling.

•• The low prevalence before slaughtering The low prevalence before slaughtering 

may be of importance when evaluating may be of importance when evaluating 

foodbornefoodborne risks. A decrease in prevalence risks. A decrease in prevalence 

with increasing age appears to be present with increasing age appears to be present 

with multiple animal species.with multiple animal species.

•• Almost 99% of the Almost 99% of the toxigenictoxigenic isolates found isolates found 

here have been identified in humans in the here have been identified in humans in the 
province. province. 

•• The dominance of The dominance of ribotyperibotype 078 is a 078 is a 

valuable epidemiologic information, as the valuable epidemiologic information, as the 

strain has increasingly been found from strain has increasingly been found from 

clinical cases in humans.clinical cases in humans.

•• The increase on the number of isolates The increase on the number of isolates 

carrying the carrying the tettet(M(M) gene during 2) gene during 2ndnd

sampling. It is reasonable to hypothesize sampling. It is reasonable to hypothesize 

that routine tetracycline use resulted in this that routine tetracycline use resulted in this 

effect. The effect. The ribotyperibotype shift noted by the 2shift noted by the 2ndnd

sample might be related to antimicrobial sample might be related to antimicrobial 

selection. selection. 

•• The low correlation found between The low correlation found between 

resistance and presence of the resistance and presence of the tettet(M(M) ) 

gene is suggestive that one or more other gene is suggestive that one or more other 

factors are involved on resistance. Further factors are involved on resistance. Further 

study is ongoing.study is ongoing.

•• The reason why isolates from rooms 3 and The reason why isolates from rooms 3 and 

4 were more likely to carry the 4 were more likely to carry the tettet(M(M) gene ) gene 

may be related with the epidemiology of may be related with the epidemiology of 

specific strains in those rooms or with specific strains in those rooms or with 

external factors.external factors.

•• Further studies are necessary to address Further studies are necessary to address 

the impact of antimicrobial use on the impact of antimicrobial use on C. C. 

difficile difficile shedding in food animals.shedding in food animals.

ResultsResults

•• Clostridium difficile Clostridium difficile was common in calves at was common in calves at 

arrival and 1 week later (Table 1, Figure 1). There arrival and 1 week later (Table 1, Figure 1). There 

was a significant increasewas a significant increase between the 1between the 1stst 2 2 

samples (samples (OR 1.2, OR 1.2, PP=0.001) and a significant =0.001) and a significant 

decrease to the 3decrease to the 3rdrd and 4and 4thth samples (OR 0.13 and samples (OR 0.13 and 

0.04, respectively, 0.04, respectively, P<P<0.0010.001 for both).for both).

•• Ribotype 078 was most common at all time points Ribotype 078 was most common at all time points 

(Table 2), however there were differences in (Table 2), however there were differences in 

ribotype distribution over time. Calves were 18 ribotype distribution over time. Calves were 18 

timestimes as likely as likely to shed for ribotype E during 2to shed for ribotype E during 2ndnd

sampling compared to the 1sampling compared to the 1stst..

References available upon request.References available upon request.

•• Tetracycline resistance was common particularly Tetracycline resistance was common particularly 

after tetracycline treatment (Figure 2, Table 3)). after tetracycline treatment (Figure 2, Table 3)). 

The MICThe MIC5050 and MICand MIC9090 were 16 were 16 µµg/mLg/mL and 32 and 32 

µµg/mLg/mL, respectively (range 0.25 , respectively (range 0.25 µµg/mLg/mL to 48 to 48 

µµg/mLg/mL). ). 

•• Isolates from the second sampling were almost Isolates from the second sampling were almost 

three times as likely to be resistant and almost five three times as likely to be resistant and almost five 

times as likely to possess the times as likely to possess the tettet(M(M) gene when ) gene when 

compared to arrival (Table 3). compared to arrival (Table 3). 

•• tettet(M(M)) was was more common in isolates from calves more common in isolates from calves 

housed in rooms 3 and 4 compared to room 1. housed in rooms 3 and 4 compared to room 1. 

•• Correlation between resistance and the presence Correlation between resistance and the presence 

of of tettet(M(M) was weak () was weak (rr=0.16; =0.16; PP=0.058=0.058), because of ), because of 

isolates that were isolates that were ttet(et(MM) negative but resistant.) negative but resistant.

•• 6 susceptible isolates had 6 susceptible isolates had tettet(M(M), but resistance ), but resistance 

was induced in all by tetracycline exposure.was induced in all by tetracycline exposure.

•• Ribotype E was almost 10 Ribotype E was almost 10 times times as likely to be as likely to be 

resistant when compared to ribotype 078 and 100 resistant when compared to ribotype 078 and 100 

times as likely than other strains (Table 3). There times as likely than other strains (Table 3). There 

was no association between the different was no association between the different 

ribotypesribotypes and the presence of the and the presence of the tettet(M(M) gene.) gene.

Table 2: Molecular characterization of C. difficile from 
veal calves and distribution of the strains over time.

Table 3: Multivariable logistic regression model 

testing the effect of the sampling time and room of 

housing on presence of tetracycline resistance 
and the tet(M) gene.

Figure 2: Prevalence of tetracycline resistance before 
and after after administration of oxytetracycline.

Figure 1: Prevalence (%) of C. difficile in veal 
calves by group.

Table 1: Overall prevalence of C. difficile and prevalence 
of resistant isolates and tet(M) gene carriage 


