
CDI patients and asymptomatic C. difficile carriers 
demonstrated a significant decrease in gut microbial 
richness and diversity compared to healthy subjects. 
Intestinal dysbiosis, especially the depletion of certain 
butyrate-producing bacteria, may contribute to CDI 
occurrence or susceptibility to this disease. We 
considered that asymptomatic C. difficile colonization 
was associated with the alteration of gut microbial 
communities. Despite the small sample number and 
other non-CDI factors affecting the gut microbiota, this 
study serves as a first step in addressing the role of gut 
microbiota not only as a risk factor for CDI but also as a 
potential factor of disease state, which will give 
enlightenment for disease surveillance and exploiting 
specific probiotics for prevention and treatment of CDI. 

Insight into alteration of gut microbiota in Clostridium 
difficile infection and asymptomatic C. difficile colonization 
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Background 

Aims 
In this study, we aimed to uncover the 
differences in intestinal microbial 
communities among the CDI patients, the 
asymptomatic C. difficile carriers and the 
healthy subjects. We hypothesized that 
changes in the intestinal microbiome may 
contribute to the pathogenesis of CDI and 
its disease state. 

Patients & Methods 

Participants involved in our study were 
divided into 3 groups: CDI patients (n=8), 
asymptomatic C. difficile carriers (n=8) and 
healthy subjects (n=9). CDI was defined as 
the presence of diarrhea along with positive 
results for toxigenic C. difficile in the patients’ 
diarrheal fecal samples. The asymptomatic 
carriers had a positive stool culture for C. 
difficile but showed no diarrhea or other 
gastrointestinal disorders. Healthy volunteers 
with no exposure to any medications 
underwent a stool test negative for C. 
difficile, and had been ensured to have no 
gastrointestinal complaints, underlying 
chronic diseases or surgery. 

To analyze the gut microbiota composition, 
fecal genomic DNA was extracted, followed 
by 16S rRNA gene pyrosequencing on Roche 
454 GS FLX+ Sequencer. Operational 
taxonomic units (OTUs) were defined using a 
sequence similarity threshold of 97%.  

The rarefaction curves and ecological 
parameters of each fecal specimen were 
calculated using mothur. Principal coordinate 
analysis (PCoA) of unweighted UniFrac 
distance metric was conducted by QIIME to 
evaluate the variability in OTUs among CDI 
patients, asymptomatic carriers and healthy 
individuals. The relative abundances of all 
identified microbial taxa were compared 
between every two groups by Metastats 1.0 
based on pooled data of each group. P-value 
<0.05 represents significant difference. 

Results 
Ecological diversity 
As shown by the rarefaction curves, the fecal microbial 
diversity from CDI patients (CDI), asymptomatic C. 
difficile carriers (AS) to healthy controls (CT) was in 
increasing order. When all specimens were pooled by 
group, we discovered reduced microbial richness and 
diversity in the samples of CDI and AS compared with 
CT (P<0.05).  

Contact Information 

Conclusions 

It is well known that human gut is inhabited by trillions 
of microbes, which play important roles in nutrient 
metabolism, energy supply and immunologic functions. 
We observed the differences in gut microbial 
composition among CDI patients, asymptomatic 
C.difficile carriers and healthy individuals, which 
indicated that CDI status and C.difficile colonization 
possibly associated with the changes in gut microbiota. 
Interestingly, the species richness and microbial 
diversity of AS seemed to be similar to that of CDI, 
however, the microbial community structure of the two 
groups were significantly different. Therefore, we can 
infer that the microbial community structure of 
asymptomatic carriers hasn’t reached that of the CDI 
disease state, and colonization of C. difficile may not 
directly lead to C. difficile-associated diseases. 

It has been confirmed that a successful FMT results in 
the eradication of Proteobacteria and the restoration 
of Bacteroidetes and Firmicutes, which implied some 
species in Bacteroidetes or Firmicutes may be vital to 
outcompete or inhibit the growth of C. difficile. 
Previous studies reported a depletion of 
Lachnospiraceae, Ruminococcaceae, and other 
butyrate-producing bacteria in the patients with 
nosocomial diarrhea including CDI. Similarly, we noted 
a relative paucity of butyrate-producing Coprococcus 
and Roseburia (from Lachnospiraceae family) as well as 
Faecalibacterium and Ruminococcus (from 
Ruminococcaceae family) in CDI and AS. Butyrate-
producing bacteria have been implicated as important 
members of the gut microbiota. Butyric acid serves as a 
preferred energy source of colonocytes, and can 
decrease intestinal permeability and enhance colonic 
defense barriers by increasing mucin production and 
antimicrobial peptide levels. Thus, lack of butyrate- 

Discussion 
producing bacteria could probably cause C. difficile-
associated diarrhea or increase the susceptibility to CDI. 
Besides, Bacteroides, which appeared to be reduced in 
CDI and AS, are mainly work on the digestion of 
carbohydrates in the intestine, resulting in the 
production of essential substrates for the homeostasis 
of colonocytes. Decreased abundance of Bacteroides, 
which may result from broad-spectrum antibiotic 
treatment, will convert the intestinal 
microenvironment to one that favors the germination 
and growth of C. difficile. 
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Phylum- and genus-level differences 

At the phylum level, healthy subjects demonstrated a 
predominance of Bacteroidetes (48.2%) and Firmicutes 
(41.5%), whereas the gut microbiota of the CDI 
consisted of a greater proportion of Proteobacteria 
(33.6%) as well as a smaller proportion of 
Bacteroidetes (23.8%) and Firmicutes (27.3%) than that 
of AS and CT.  

At the genus level, the relative abundance of 
Clostridium XI (in accord with C. difficile) in the gut 
microbiota of CDI, AS and CT were 6.5%, 1.6% and 
0.0%, respectively. Within Bacteroidetes, we noticed 
significant decreases (P<0.05) in the abundance of 
Alistipes, Bacteroides, and Prevotella, along with a 
significant increase (P<0.05) of Parabacteroides in the 
gut microbiota of CDI and AS compared with that of CT. 
By contrast, for Proteobacteria, significant increases in 
the abundance of Escherichia/Shigella, Klebsiella, 
Haemophilus, Pseudomonas, and Bilophila were found 
in CDI and/or AS (P<0.05), but the percentages of 
Parasutterella and Gemmiger reduced in these two 
groups. As to Firmicutes, genera such as Clostridium 
XlVa, Clostridium sensu strict, Enterococcus, Veillonella, 
and Lactobacillus accounted for significantly higher 
proportions (P<0.05) in the samples of CDI and AS, 
whilst significantly lower proportions (P<0.05) of 
Phascolarctobacterium, Roseburia, Megamonas, 
Ruminococcus, Faecalibacterium, and Coprococcus 
were also observed in these two groups than that in CT. 
It is noteworthy that the relative abundance of 
Bacteroides increased progressively from CDI (10.8%), 
AS (24.0%) to CT (31.0%), and conversely, these three 
groups (from CDI, AS to CT) were in descending order 
(23.9%, 8.7%, 3.6%) in regards to the proportion of 
Escherichia/Shigella (P<0.05). 

Clostridium difficile has become one of 
the most common pathogenic causes of 
hospital-acquired diarrhea since the 
appearance of the first report on this 
pathogen in the late 1970s. In spite of C. 
difficile-associated diseases, 
asymptomatic carriage of C. difficile in 
children and adults is also well recognized. 
C. difficile infection (CDI) is believed to 
result from the disruption of gut 
microbiota. However, whether people 
asymptomatically colonized with C. 
difficile have any notable difference from 
healthy individuals in their gut microbiota, 
or whether the intestinal bacterial 
communities of asymptomatic C. difficile 
carriers are just similar to those of CDI 
patients has yet to be clarified. 
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Rarefaction curves for 
samples of CDI, AS and 
CT 

Microbial community structure 
PCoA plot revealed that CDI, AS and CT were probably 
different subject clusters due to the composition of 
their microbial communities. Maximum parsimony 
analysis indicated significant differences in microbial 
community structure between every two groups 
(P<0.001). 
As demonstrated by Venn diagram, 376 OTUs were 
shared between the samples of AS and CT, whilst only 
268 OTUs were shared between CDI and CT. In addition, 
1067 OTUs identified in CT samples were never found 
in the samples of CDI and AS, which suggests that lack 
of certain commensal bacteria in the healthy intestine 
may be associated with C. difficile infection or 
colonization. 


