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Figure 3.Transmission events and phylogeny of type 078, the Netherlands 2002–11 (n=65).  

 

A. Distribution of Dutch hospitals (n = 16; blue dots) and pig farms (n = 12; red dots) included in this study. 

Brown dots are pig farms where pigs and farmers had identical C. difficile isolates,  green arrow indicates a 

potential (long-range) transmission. 

 

B. Phylogenetic tree revealing likely transmission between pigs and humans. Identical genotypes with same 

location/farm are marked with brown boxes. Long-range transmission events (i.e. different locations) are 

marked with a green box. Numbers on internal nodes indicate bootstrap support. 
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Methods 
The C. difficile 078 isolates from pigs (n=19), 

farmers (n=15) and hospitalized patients 

(n=31) were collected between 2002 and 2011 

in the Netherlands.  

24 isolates were paired by farm (i.e. 12 pairs 

of human and pig isolates from 12 farms). 

 

Illumina HiSeq 2000 platform was used. 

Reference based mapping against CD-M120 

genome (6). 

 

SNPs were identified as described previously 

(1). Recombination regions in the genomes 

were removed as previously published (2). 

Maximum-likelihood phylogenetic trees were 

constructed using RAxML (3). 

 

Metadata (source, year of isolation, 

geographical location) was transferred to the 

reconstructed tree (Figure 2). 

 

Mutation rate was estimated using a Bayesian 

approach (BEAST) (4). 

 

The MIC for tetracycline was determined using 

E-tests (BioMérieux),  Streptomycin resistance 

was tested by disk diffusion method (Sensi-

Neotabs 500 μg disks,  Rosco).  
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Figure 2: General sequencing and analysis strategy 

used to track genomic variants of C. difficile (5). 

Figure 1:Results of Average Nucleotide Identity 

(ANI) analysis of 14 whole C. difficile genomes.  

 

ANI (%) plotted on the y-axis, the number of pair-

wise compared genomes on the x-axis. Fragments 

(1024 NTs) of query genome blasted against 

subject genome, resulting in an overall ANI score 

(%). Species threshold set to 96%. 

Introduction 
PCR ribotype 078 is the most remote PCR 

ribotype within the C. difficile species (8) (see 

figure 1).  

 

This type is frequently found in humans and 

animals, especially pigs.  

 

Type 078 is frequently found in humans that 

suffer from a community-acquired infection, 

i.e. outside the hospital.  

 

Pigs may be an important reservoir for human 

CDI due to type 078. In this study we 

investigated the relatedness of type 078 

strains that colonize pigs and humans. 

Results 
• 774 core genome SNPs identified and used for phylogenetic analysis. 373 SNPs were 

found only in the C. difficile 066 isolate (used to root the phylogenetic tree) (7).  

 

• Mutation rate of 1.1 SNP/genome/year was calculated for the C. difficile 078 strains. 

 

• The phylogeny revealed a general lack of clustering related to strain source, as 

demonstrated by the mingling of strain sources (see Figure 3). 

 

• Potential transmission events were identified in 5 of the 12 sequenced farmer/pig pairs. 

Three farmer/pig pairs were identical, i.e. 0 SNP differences (Figure 3) and 2 pairs were 

separated by only 1 SNP difference. Of the remaining 7 paired samples, only 2 pairs 

differed more than 10 SNPs. 

 

• Tetracycline and streptomycin resistance determinants were shared between C. difficile 

078 strains from humans and pigs. (Figure 4).  

Conclusions 
• Human and pig strains are mingled in a phylogenetic tree, based on whole genome 

SNPs typing. 

• Farmers and pigs share identical C. difficile PCR RT078 strains. 

• Identical antimicrobial resistance genes are shared between pigs and humans. 

• Mutation rate of C. difficile RT 078 is 1.1 SNPs per genome per year. 

Figure 4. Phylogeny of type 078 isolates with antimicrobial resistance determinants   

 

Circular tree representation with the transposons and the AMR determinants (coloured dots)  and the source 

of the respective isolates (swine, farmer and clinical;  coloured dotted lines). 

 

Tetracycline-resistant strains indicated with orange tree branches, streptomycin-resistant isolates are 

indicated with purple tree branches, isolates resistant to both tetracycline and streptomycin are indicated with 

blue tree branches. (NT = not phenotypically tested). 


