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ABSTRACT 

 
 

THE EPIDEMIOLOGY AND MICROBIOLOGY OF CLOSTRIDIUM DIFFICILE IN LONG-TERM CARE 
AND ACUTE CARE, AND CHARACTERIZATION OF THE FECAL MICROBIOTA IN ELDERLY 

INDIVIDUALS 
 
 

Gabriella Mallia         Advisor: 
University of Guelph, 2018       Dr. J. S. Weese 
 

This thesis is an investigation of Clostridium difficile in elderly patients in an acute care 

facility (ACF) and residents in a long-term care facility (LTCF) in southern Ontario, Canada. The 

first part of this thesis presents the findings of a cross-sectional study that describes the 

epidemiology and microbiology of C. difficile in elderly individuals. C. difficile was isolated from 

92/410 (22.4%) ACF and 89/474 (18.8%) LTCF samples. Ribotypes 027 (35%) and 020 (10.4%) 

predominated the LTCF while ribotypes AI-82/1 (20.7%) and ribotype O (14.1%) predominated 

the ACF (P=0.031). In the LTCF, C. difficile colonization was associated with a history of Proton 

Pump Inhibitor (PPI) use (OR=2.05, P=0.003, 95% CI=1.20-3.49), and the interaction terms of 

male residents with prior medical leave of absence (OR=11.28, P=0.011. 95% CI=1.70-74.87), 

and a prior history of C. difficile infection (CDI) combined with fluoroquinolone use (OR=39.30, 

P=0.032, 95% CI=0.032). In the ACF, C. difficile colonization was associated with length of stay 

(OR=1.00, P=0.037, 95% CI=0.10-1.00), feeding through a tube (OR=4.83, P=0.001, 95% CI=1.95-

11.97), antibiotic use (OR=4.36, P=0.050, 95% CI=1.00-18.95), immunosuppressive therapy 

(OR=8.09, P=0.001, 95% CI=2.24-29.22),  and VRE colonization (OR=19.64, P=0.016, 95% 

CI=1.73-222.61), and the interaction terms for cephalosporin and fluoroquinolone use 

(OR=31.13, P=0.022 95% CI=1.51-1077.61), and prior CDI and cephalosporin use (OR=59.59, 

P=0.044, 95% CI=1.12-2854.07). 



 
 

The second part of this thesis describes the fecal microbiota of elderly individuals from 

ACF and LTCF, and evaluates the impact of PPIs, antibiotics, facility, and C. difficile colonization 

on microbial diversity, richness, evenness, community, and structure. Evenness and diversity 

were not affected by other risk factors. Facility and C. difficile colonization were associated with 

changes in relative abundance of key taxa. Community membership and structure were 

affected by facility. The changes identified in this study group, might better shape healthcare 

approaches in elderly, serving as indicators of health as well as aid in development of novel 

bacterial therapies.   

C. difficile colonization remains a complex and challenging issue, with the implications in 

its development of CDI still unclear. Given the potential for transmission by individuals 

colonized with C. difficile colonized, this area warrants further study. 
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Chapter 1 

Introduction, Literature Review, and Objectives 

1.0 Introduction 

Clostridium difficile is an important pathogen in Canadian healthcare facilities. It is the 

most common cause of antimicrobial and healthcare-associated (HA) infectious diarrhoea in 

adults and is responsible for nearly all cases of pseudomembranous colitis (Kim et al., 2011; Loo 

et al., 2011; Polgreen et al., 2010; Poutanen and Simor, 2004; Tattevin et al., 2013; Wilkinson et 

al., 2011). C. difficile belongs to the family Clostridiaceae, in the class Clostridia, and of the 

phylum Firmicutes, and is noted for its ability to produce exotoxins. C. difficile is an obligate 

anaerobe, rod-shaped, gram-positive bacterium. It is found both in a highly oxygen sensitive 

vegetative form, or in a highly resistant spore form (Kachrimanidou et al., 2011; Kelly et al., 

2008; Poutanen and Simor, 2004; Seekatz et al., 2014).  

The primary reservoirs for C. difficile are colonized or infected patients, and spore-

contaminated environments. It is estimated that C. difficile is commonly present in the colon of 

5% of healthy adults and as high as 20% of patients in a hospital setting (Kachrimanidou et al., 

2011; Salyers et al., 2002; Seekatz et al., 2014). C. difficile is also found in the intestinal tracts of 

30 to 70% of infants (Kachrimanidou et al., 2011; Salyers et al., 2002; Seekatz et al., 2014).  

An opportunistic gastrointestinal pathogen, the disruption of the normal protective 

microbiota is thought to play a key role in development of C. difficile infection (CDI). 

Widespread usage of antibiotics, such as clindamycin, cephalosporin, and ampicillin, which 

inhibit the growth of the predominant protective colonic bacteria, has led to increases in C. 

difficile in hospitals worldwide (Poutanen and Simor, 2004).  
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C. difficile is spread via the fecal-oral route and is acquired by the ingestion of spores. 

Spores are highly resistant cell types that can survive even in harsh environmental conditions. 

Spores have been detected in various environmental sources, including domesticated animals, 

water sources, and soil (Seekatz et al., 2014). Decontamination efforts are particularly 

challenging for health care facilities since spores are resistant to most commonly used cleaners 

and disinfectants, including those that are alcohol-based (Seekatz et al., 2014).  

Most ingested vegetative C. difficile cells die in the acidic stomach environment. Spores, 

however, are acid-resistant and readily pass through the stomach. Once in the small intestine, 

spores germinate into vegetative form upon exposure to bile acids (Kachrimanidou et al., 2011; 

Poutanen and Simor, 2004). Under favorable conditions, the resulting vegetative bacteria can 

colonize the colon. Some individuals develop CDI, some become colonized (and potentially 

develop CDI later), while others are resistant to both colonization and infection (Poutanen and 

Simor, 2004).  

Studies have shown patients who acquire C. difficile in hospital are more likely to 

develop pseudomembranous colitis than those who are previously colonized. The reason for 

this is unclear; however, it is possible that C. difficile strains that survive in the hospital are 

more resistant to antibiotics than community-circulating strains. There may also be some 

partial immunity to C. difficile disease when people have carried the bacteria for a long time 

(Salyers et al., 2002). Further studies are needed in this area.  

Colonization of an otherwise healthy person causes no apparent symptoms. Only when 

C. difficile is present in high enough concentrations to allow appreciable amounts of toxin to be 

produced does symptomatic disease occur (Salyers et al., 2002).  The spectrum of disease 
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caused by infection with toxigenic strains of C. difficile ranges from mild diarrhoea to the 

development of life-threatening pseudomembranous colitis (Loo et al., 2011; Mitchell et al., 

2012; Poutanen and Simor, 2004; Salyers et al., 2002; Seekatz et al., 2014). Treatment with 

vancomycin or metronidazole has been shown to be effective against C. difficile. However, as 

many as 10 to 20% of patients develop recurrent infection and multiple relapses in the same 

person are not uncommon (Salyers et al., 2002). This is likely due to an inability to fully clear C. 

difficile and restore a stable, non-pathogenic intestinal microbiota.  

The epidemiology of C. difficile in the Long-Term Care Facility (LTCF) setting has not 

been studied and the intestinal microbiota of LTCF residents has not been characterized. The 

intestinal microbiota may play a critical role in the prevention of CDI; however, the mechanism 

by which it provides protection is unknown.  

The aim of this study was to analyze the differences in risk factors that affect how or 

why colonized and non-colonized individuals develop CDI. In combination with characterization 

of their respective intestinal microbiotas, this information could lead to novel methods to 

improve surveillance, management, treatment, and prevention of CDI.  

2.0 Virulence Factors  

Several virulence factors have been associated with the development of CDI. The ability 

of C. difficile to form spores is thought to be a key feature in enabling it to persist in patients 

and the physical environment for long periods, and thereby facilitating its transmission. 

Flagellae and hydrolytic enzymes produced by the organism have also been associated with the 

development of disease and have been shown to be present more frequently in highly toxigenic 
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strains (Poutanen and Simor, 2004).  

2.1 Toxins 

The best characterized and most important of the identified virulence factors in C. 

difficile are two large clostridial toxins, an enterotoxin (Toxin A) and a cytotoxin (Toxin B) 

(Rupnik et al., 2005; Kachrimanidou et al., 2011; Kelly et al., 2008; Loo et al., 2011; Poutanen 

and Simor, 2004; Seekatz et al., 2014). Toxins A and B are transcribed from a 19.6 kb 

pathogenicity locus, PaLoc, which is composed of five genes: two toxin genes, tcdA (Toxin A) 

and tcdB (Toxin B), and three regulatory genes, one of which (tcdC) encodes a putative negative 

regulator of toxin transcription (Kachrimanidou et al., 2011; Kelly et al., 2008; Loo et al., 2011). 

In non-toxigenic strains, PaLoc is replaced by a short 115 base-pair sequence (Kachrimanidou et 

al., 2011; Loo et al., 2011).  

Toxins A and B act by binding to the surface of intestinal epithelial cells where they are 

internalized. Through the inactivation of Rho proteins, the toxins modify intracellular function 

and are responsible for the associated inflammatory response, fluid and mucous secretion, and 

pseudomembrane formation (Just et al., 1995 and 1994 (Kachrimanidou et al., 2011; Kelly et al., 

2008; Poutanen and Simor, 2004; Seekatz et al., 2014). Both toxins share several mechanisms: 

cytotoxic activity against a variety of different cell types; the ability to open tight junctions 

between cells to increase vascular permeability; causing haemorrhage; and inducing the 

production of tumour necrosis factor-alpha and pro-inflammatory interleukins, which 

contribute to the inflammatory response and psuedomembrane formation (Salyers et al., 

2002).  
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Only toxigenic strains have been associated with the development of symptomatic 

disease. In asymptomatic carriers, Toxins A and B are found less frequently. Studies on the 

relative toxicity and potency of the two toxins are sparse and seemingly contradictory. Some 

animal models suggest that only Toxin A is associated with the extensive tissue damage and 

fluid accumulation (Poutanen and Simor, 2004). Toxin B is thus less critical in CDI pathogenesis 

in these models as it has no noticeable direct enterotoxic activity and is thought to play a role 

only after the gastrointestinal wall has been damaged by Toxin A. However, Toxin A-negative/B-

positive virulent C. difficile strains have been described indicating that Toxin A is not essential 

for virulence (Kelly et al., 2008; Poutanen and Simor, 2004; Salyers et al., 2002). 

Another indicator of virulence is a third, unrelated toxin, CDT (Clostridium difficile 

transferase, a binary toxin), which has been identified in 6-84% of clinical C. difficile isolates 

(Gonclaves et al., 2004; Loo et al., 2005; Martin et al., 2008ab; Pituch et al., 2005; Rupnik et al., 

2005). This toxin has two components, CdtA and CdtB, which are encoded by two non-PaLoc 

genes, cdtA and cdtB respectively (Kelly et al., 2008; Loo et al., 2011). CDT belongs to the family 

of binary actin-ADP-Ribosylating toxins (Perelle et al., 1997; Popoff et al., 1988) that are 

produced by various pathogenic species of the genus Clostridium and Bacillus (Barth et al., 

2004; Barbieri et al., 2002).  

CdtA disrupts actin-filament assembly through ribosylation of monomeric G-actin while 

CdtB, mediates cell surface binding and intracellular translocation (Barth et al., 2004; Kelly et 

al., 2008; Loo et al., 2011). CDT may induce formation of microtubule-based protrusions which 

enhances intestinal epithelial cell surface adherence and colonization by C. difficile (Schwan et 

al., 2009). However, the specific role of CDT in C. difficile pathogenesis is unclear. Research 
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suggests its presence may increase virulence by acting synergistically with Toxins A and B (Kelly 

et al., 2008; Seekatz et al., 2014), however, few studies have been conducted investigating 

clinical differences associated with CDT positive and CDT negative C. difficile strains.  Two 

studies have shown patients with CDT positive C. difficile strains had a significantly higher total 

peripheral white cell count (Goldenberg and French, 2011), more severe CDI, or a higher case-

fatality rate compared to patients infected with CDT negative C. difficile strains (Barbut et al., 

2007). C. difficile strains that produce CDT in the absence of Toxin A and B do not appear 

pathogenic, and its presence does not always correlate with disease severity.  

3.0 The Role of the Intestinal Microbiota 

Exposure to spores does not always translate into colonization and/or the development 

of CDI. The gastrointestinal environment must be favourable for colonization and allow toxin 

formation to occur. Key to the pathogenesis of CDI is the disruption of the microbial community 

inhabiting the human gastrointestinal tract (GI), which if left undisrupted may play a critical role 

in prevention of CDI; however, the mechanism by which it provides protection is unknown.  

3.1 The Intestinal Microbiota 

The GI tract harbours the largest and most complex bacterial ecosystem in the human 

body (Biagi et al., 2012). It endows human hosts with physiological attributes they did not 

evolve on their own, such as enhancing host metabolic capabilities, the development and 

maintenance of host immune system homeostasis, and the development and survival of the gut 

epithelium (Biagi et al., 2012). Moreover, and likely most important in the prevention of CDI, 

the gut microbiota protects the host against pathogens by precluding other microorganisms 



 

7 
 

from invading the occupied niches (Biagi et al., 2010) and providing competition for resources 

(Britton, et al., 2014). 

There are likely around 1,000 to 1,200 species-level phylogenetic types in the human 

adult gut ecosystem (Biagi et al., 2012), the majority (90-99%) of which belong to the Firmicutes 

and Bacteroidetes phyla (Biagi et al., 2010; Biagi et al., 2012). The dominant Firmicutes belong 

to the Clostridium clusters XIVa and IV. Other phyla represented in the human gut are 

Actinobacteria, Proteobacteria, Verrucomicrobia, Fusobacteria, and Cyanobacteria to name a 

few. The structure of the gut microbiota is established in the first year of life and is believed to 

remain relatively stable throughout healthy adulthood. Despite the high individual variability in 

composition of the gut microbiota, there is a high degree of conservation in the expressed 

functions and metabolites. Major alterations in the gut microbiota structure, such as at the 

level of order/phylum (dysbiosis), affect the microbiota functionality.  

The balance of the intestinal microbiota is affected by physiological changes of the GI 

tract. Ageing, and other age-related events, (ie. modification in lifestyle and diet, and reduction 

and functionality of the immune system) result in a change in the composition and structure of 

the intestinal microbiota (Biagi et al., 2012).  

The reported age-related differences in the intestinal microbiota composition include an 

increase in the total number of facultative anaerobes and shifts in the dominant species within 

several bacterial groups, whereas no significant changes are reported in the total number of 

anaerobic bacteria (Biagi et al., 2010). 

Certain intestinal Lactobacillus species appear to inhibit C. difficile proliferation due to 

H2O2 and lactic acid production (Naber et al., 2004; Seekatz et al., 2014). In vivo studies show 
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antimicrobial resistant and high toxin producing strains of C. difficile are more sensitive to 

Lactobacillus (Naber et al., 2004). With the availability of next generation sequencing and 

bioinformatics methods, the complexity and diversity of this bacterial population is only now 

being better understood.  

It has been established that the intestinal microbiota can be markedly disrupted in 

patients with recurrent CDI, yet cause versus effect is difficult to determine and evaluation of 

broad microbiota-associated risk factors is lacking. It is also known that antimicrobial exposure 

and other factors can modify this protective population. Both short-term and long-term 

changes have been observed in the intestinal microbiota following antibiotic use (Seekatz et al., 

2014). Reconstitution does occur following cessation of antibiotic use but can also result in 

altered community structure (Seekatz et al., 2014). It is likely that as antibiotic treatment ends 

and levels of antibiotic in the intestine fall, C. difficile can to resume growth faster than most 

other colonic bacteria and repopulates the colon before the normal intestinal microbiota can be 

re-established (Salyers et al., 2002). C. difficile may also be less susceptible to frequently used 

antibiotics than many of the major bacterial groups that compose the intestinal microbiota. 

This small difference in antibiotic susceptibility may give C. difficile the necessary edge to 

propagate in the colon.  

Only a small subset of exposed and colonized individuals develop disease. One 

explanation is that there is a fine line between overgrowth by the clostridia and restoration of 

the normal microbiota following therapy that is often weighted in favour of the normal 

microbiota. Differences in the composition of the intestinal microbiota may also correlate with 

the development of CDI.  
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4.0 Other Risk Factors and Colonization 

Work in experimental models of CDI has indicated that C. difficile, the intestinal 

microbiota, and other host factors form a complex system in which specific alterations can 

promote the pathogenesis of CDI (Britton et al., 2014). Factors that affect the immune response 

also presumably play a critical role in the development of disease. In acute care facilities, risk 

factors for CDI have been extensively studied. Advanced age, underlying medical illness, 

antimicrobial use (particularly the use of clindamycin (Climo et al., 1998), cephalosporin (Labbe 

et al., 2008) and fluoroquinolones (McDonald et al., 2005), immunosuppressive therapy, and 

prolonged length of stay, likely due to continued exposures to treatments and the health care 

environment, have all been associated with increased risk of CDI (Blot et al., 2003; Dial et al., 

2004; Hutin et al., 1997; Johal et al., 2004; Kim et al., 2011; McFarland et al., 1990; Noren et al., 

2004; Polgreen et al., 2010; Poutanen and Simor, 2004; Wilkinson et al., 2011).  

Increasing age has been observed to impact the structure, stability, and diversity of 

intestinal microbiota. Decreases in protective species, such as Bifidobacteria and some 

Firmicutes members, as well as an increase in Bacteroidetes and more detrimental species such 

as Proteobacteria, have been observed (Biagi et al., 2010; Biagi et al., 2012; Seekatz et al., 

2014). These changes, termed immunosenescence, appear to partially accompany the 

degradation of the immune system associated with increasing age (Seekatz et al., 2014). With 

such changes to the intestinal microbiota, it is not surprising that outbreaks amongst elderly 

individuals are increasingly common and problematic, especially when combined with other risk 

factors such as increased severity of underlying illness, history of prior hospitalization, use of 
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feeding tubes, GI surgery, and use of Proton Pump Inhibitors (PPIs) (Kim et al., 2011; Poutanen 

and Simor, 2004; Tattevin et al. 2013; Wilkinson et al., 2011).  

The use of PPIs, particularly in conjunction with antibiotics, has been correlated with a 

higher incidence of CDI (Seekatz et al., 2014). PPIs are known to increase the pH of the 

stomach. They may also affect other GI sites and thus can modulate intestinal microbiota 

(Seekatz et al., 2014). In-vitro studies show PPIs can affect the growth of Lactobacillus, a 

common resident of the mouth and gut and a potentially protective bacterial group in the 

intestine (Seekatz et al., 2014). 

It is not surprising that elderly individuals, particularly those in LTCFs, likely have 

intestinal microbiotas that are markedly different from healthy individuals in the community, 

which perhaps affect susceptibility to infection or colonization by C. difficile (and various other 

enteric pathogens). Additionally, elderly patients are the recipients of more than 30% of all 

prescription drugs (Biagi et al., 2012).  

Antibiotic use is one of the most important factors with respect to the development of 

CDI. Antibiotic use disrupts the intestinal microbiota by reducing microbial diversity, decreasing 

competition for limited resources and freeing up previously unavailable ecologic niches (Britton 

et al., 2014). While age may be considered an independent risk factor for CDI, it is also 

associated with increased antibiotic use, more frequent hospital visits, and the development of 

illnesses in general, all which impact susceptibility to C. difficile (Poutanen and Simor, 2004; 

Seekatz et al., 2014). Specific study of the intestinal microbiota of LTCF residents and how it is 

related to CDI and C. difficile colonization is required to help understand the pathophysiology of 
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CDI and to provide important information for potential approaches for the prevention or 

treatment of CDI through intestinal microbiota manipulation.  

Whether CDI occurs most often from new exposures to C. difficile or the development of 

infection from colonizing C. difficile is not known, nor are factors that result in symptomatic 

infection in a previously colonized patient. Duration of colonization and whether there is a 

regular cycle of exposure-colonization-elimination-re-exposure are not known because of the 

lack of longitudinal studies (or indeed the paucity of colonization studies of any type). The 

relevance of colonization is so poorly understood that arguments can be made both for 

beneficial and detrimental aspects of colonization, since some studies have shown that 

colonization may protect against development of symptomatic disease. One study showed that 

only 1% of 192 patients with asymptomatic colonization developed CDI (Poutanen and Simor, 

2004). It is not clearly established whether colonization with C. difficile provides a means of 

protection against development of CDI.  

Studies by Merrigan et al. and Sambol et al. have shown that non-toxigenic strains of C. 

difficile are able to completely prevent C. difficile-associated colitis in hamsters, by occupying a 

niche that cannot be taken over by a new strain (Merrigan et al., 2003; Sambol et al., 2002). In 

another study by Vincent et al., patients who were followed until they developed CDI were 

found to have reduced proportions of the family Clostridiales Incertae Sedis XI just before 

infection, compared to individuals who did not develop CDI (Vincent et al., 2013). C. difficile is a 

member of the family Clostridiales Incertae Sensu XI. Therefore,  it could be proposed that the 

loss of the Clostridiales Incertae Sedis XI family may create a niche for C. difficile to occupy 

(Britton et al., 2014). Previous estimates of colonization in LTCFs projected the prevalence of C. 
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difficile colonization from 5% to 7% (Poutanen and Simor, 2004); however, these studies do not 

specify strain, and are both dated and reflect US facilities.  

Because of the regional variation in CDI, differences in healthcare and LTC systems and 

the dramatic changes in the epidemiology of CDI over the past decade, contemporary and 

geographically relevant data are required to understand the challenges faced by LTCFs and their 

associated healthcare providers in Ontario. 

5.0 Clostridium difficile Infection 

C. difficile produces a wide spectrum of disease. Symptomatic infection ranges from 

mild diarrhoea to life-threatening pseudomembranous colitis, toxic megacolon, and colon 

rupture (Kuijper 2007; Poutanen and Simor, 2004). Watery diarrhoea, lower abdominal pain, 

and systemic symptoms such as fever, anorexia, nausea, and malaise are all common clinical 

presentations of CDI (Poutanen and Simor, 2004). Heavily bloody stools are uncommon, 

however leukocytosis and occult colonic bleeding frequently occur (Poutanen and Simor, 2004). 

Colonic endoscopy reveals diffuse or patchy colitis, with or without pseudomembranes 

(Poutanen and Simor, 2004). Between 1 and 3% of patients experience fulminant colitis, 

characterized by fever and diffuse abdominal pain and distension (Kelly et al., 2008; Poutanen 

and Simor, 2004). Severely ill patients may experience little or no diarrhoea as a result of toxic 

dilation of the colon (toxic megacolon) and paralytic ileus that may result from loss of colonic 

muscular tone (Kelly et al., 2008; Poutanen and Simor, 2004). Complications include colonic 

perforation and peritonitis (Poutanen and Simor, 2004). Toxic megacolon is associated with a 

high mortality rate, ranging from 24 to 38% (Poutanen and Simor, 2004). 
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A particularly challenging aspect of CDI is recurrence of disease after successful 

completion of treatment. It has been estimated that between 15 and 35% of CDI patients 

experience relapse within two months of clearing the initial infection (Kelly et al., 2008; Kilgore 

et al., 2008;  Seekatz et al., 2014; Salyers et al., 2002). Risk factors include increased age, 

exposure to additional antibiotics after treatment, and prior recurrence (Kelly et al., 2008; 

Kilgore et al., 2008; Poutanen and Simor, 2004). Prior recurrence of CDI dramatically increases 

the risk of subsequent recurrence. Risk of recurrence rises from 20% after the initial episode, to 

40% after a first recurrence and to more than 60% after two or more recurrences (Kelly et al., 

2008; Poutanen and Simor, 2004; Seekatz et al., 2014). Recurrence may be the result of 

reinfection with a different strain or persistence of the initially responsible strain. Up to half of 

recurrences have been shown to be caused by reinfection rather than relapse (Poutanen and 

Simor, 2004). This suggests that other patients, health care workers, the health care 

environment, or even home and community, are major sources of reinfection. 

5.1 Treatment 

There are a variety of therapies available to treat CDI. Metronidazole or oral vancomycin 

are effective therapies for CDI and show equal efficacy in the treatment of CDI (Kelly et al., 

2008). The Provincial Infectious Diseases Advisory Committee (PIDAC) of Ontario recommends 

metronidazole as first line therapy for mild to moderate CDI (Ontario Agency for Health 

Protection and Promotion, Provincial Infectious Diseases Advisory Committee, 2013). 

Metronidazole as the primary choice is due to its lower cost and concerns about the 

proliferation of vancomycin-resistant nosocomial bacteria (Kelly et al., 2008). However, both 

metronidazole and vancomycin are associated with similar rates of recurrence. It is possible 
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that antibiotic treatment interferes with the full recovery of the intestinal microbiota, 

facilitating recurrent infection (Kelly et al., 2008; Seekatz et al., 2014). The Infectious Disease 

Society of America (IDSA) however, recommends vancomycin or fidaxomicin as first line 

therapy for CDI and only recommends metronidazole if vancomycin or fidaxomicin is limited 

(McDonald et al., 2018).  

Passive or active immunization against C. difficile toxins have also been used to treat 

patients with multiple recurrences (Kelly et al., 2008). Although favourable outcomes have 

been reported, there is no data from controlled studies to support these outcomes.   

One of the key precursors of CDI is the disruption of the intestinal microbiota. Fecal 

microbiota transplantation (FMT) or fecal bacteriotherapy has shown promise in reducing the 

risk of recurrence by promoting the restoration of a healthy intestinal microbiota and thus 

resistance to colonization (Kelly et al., 2008; Seekatz et al., 2014). The specific bacteria 

responsible for restoring colonization resistance are unknown. Studies have shown that FMT 

increases the diversity of the recipient’s intestinal microbiota; recovery of beneficial Firmicutes 

and Bacteroides has been observed while there is a clear reduction of Proteobacteria (which is 

generally found at high levels in patients with active CDI) (Seekatz et al., 2014). Further studies 

and control trials are needed to establish the efficacy of this treatment as well as the long-term 

benefits.  

6.0 Epidemiology 

The prevalence, severity, morbidity and mortality of CDI have seen a dramatic change 

over the last decade, with significant increases in Canada, Europe, and the US since the year 
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2000 (Kim et al., 2011; Loo et al., 2011; Mitchell et al., 2012; Poutanen and Simor, 2004; 

Wilkinson et al., 2011). This increase appears to be driven by many factors, including large 

outbreaks of CDI in hospitals, a change in circulating strains of C. difficile, and factors such as 

poor standards of environmental cleanliness (Mitchell et al., 2012). Additionally, inappropriate 

antibiotic usage, especially fluoroquinolones, has contributed to the emergence of 

hypervirulent strains of C. difficile (He et al., 2013; McDonald et al., 2005). 

In the US, C. difficile associated diarrhoea has been identified as the direct cause of 

death in 1 to 2% of affected patients and the estimated associated costs have been reported to 

range from $128 200 to between $1 and $3 billion (Poutanen and Simor, 2004; Seekatz et al., 

2014). Initial treatment options fail in 20 to 30% of patients, resulting in disease recurrence 

(Seekatz et al., 2014). Studies on US patient data reports varied prevalence of C. difficile 

colonization among patient populations, ranging from 7 to 11% in Acute Care Hospitals, 5 to 7 

% in LTCF, and less than 2% among ambulatory adults (Poutanen and Simor, 2004). Data on 

Canadian incidence rates however is dated and limited.  

A study by Kelly et al., analyzing Acute Care Hospital data in the US reported stable 

incidence rates of CDI during the mid and late 1990s at 30 to 40 cases per 100 000 population. 

By 2001 this number rose to almost 50, with subsequent increases that nearly tripled the 

number of reported cases by 2005 (Kelly et al., 2008). Increases in the severity and morbidity 

over the last decade are of even greater concern. In England for example, CDI was listed as the 

primary cause of death for 499 patients in 1999, a number that rose to 1998 in 2005, and 3393 

in 2006 (Kelly et al., 2008).  
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 Recent studies have shown the risk of infection in populations not previously considered 

at risk to be increasing. This includes young and previously healthy persons who have not been 

exposed to hospital or heath care environment or antimicrobial therapy (Freeman et al., 2010; 

Kelly et al., 2008; Kilgore et al., 2008; Tattevin et al., 2013). The extent of CDI in children is 

unknown as there is an increased potential for asymptomatic carriage of C. difficile in this 

population (Freeman et al., 2010). US data shows this population has also seen increases in the 

incidence of infection.  A study from Washington shows the proportion of children with toxin-

positive stool tests increased from 46% in 2001 to 64% in 2006 (Freeman et al., 2010) with 

reports of severe gastrointestinal disease in 91% of neonates with CDI in the intensive-care 

setting (Freeman et al., 2010). Marked increases in pediatric cases of CDI without an increase in 

severity were also reported (Freeman et al., 2010). Incidences in newborns, non-newborns, 1 to 

4-year-old patients, and 5 to 9-year-old patients were 0.5, 32.01, 44.87, and 35.27 cases per 

10,000 discharges (Freeman et al., 2010).  

The rise in outbreaks in Canada and the United States have been attributed to the 

emergence of an epidemic strain, North American Pulse-Field Gel Electrophoresis (PFGE) type 1 

and PCR ribotype 027 (NAP-1/027) (Kelly et al., 2008; Loo et al., 2011). This strain shows 

increased production of Toxins A and B, fluoroquinolone resistance, and the production of 

binary toxin (Kelly et al., 2008; Kilgore et al., 2008). While the role of the binary toxin in the 

pathogenesis of CDI is unclear, its presence in NAP-1/027 epidemic strains support theories of 

its synergistic activity with Toxins A and B.  

Over prescription of fluoroquinolone antibiotics in the late 1990s and early 2000s in 

North America was likely a key determinant in the evolution and persistence of this strain of 



 

17 
 

antimicrobial-resistant C. difficile (He et al., 2013; Linder et al., 2005). It is theorized key genetic 

changes linked to the rapid emergence of C. difficile during the early 2000s are the separate 

acquisition of fluoroquinolone resistance and a conjugative transposon in two distinct epidemic 

C. difficile 027 lineages, fluoroquinolone-resistant (FQR) 1 and FQR2 (He et al., 2013, Loo et al., 

2005; McDonald et al., 2005). Further investigation revealed the FQR2 lineage 

had a more global distribution resulting in several outbreaks in the United Kingdom (Brazier et 

al., 2008), continental Europe (Bauer et al., 2011; Kuijper et al., 2008), and Australia (Richards et 

al., 2011). 

It is worth noting a 2003 outbreak in the Estrie region of Québec, where a major 

increase in the incidence of CDI (22.5 cases per 1000 admissions) was seen from 2002 to 2003. 

The incidence of CDI quadrupled and was accompanied by a 30-day attributable mortality rate 

of 6.9% (Kelly et al., 2008; Kilgore et al., 2008; Loo et al., 2005; Pépin  et al., 2004; Tattevin et 

al., 2013). A higher rate (15.3% of cases) of severe outcomes, defined as patient death within 30 

days of CDI diagnosis attributable to CDI, or patient requiring colectomy or intensive care, was 

also observed (Kelly et al., 2008; Kilgore et al., 2008; Loo et al., 2005; Pépin  et al., 2004; 

Tattevin et al., 2013). An exceptional feature of this outbreak was that all major Acute Care 

Hospitals in the region were simultaneously affected and 82% of stool samples tested were 

positive for NAP-1/027(Kelly et al., 2008). NAP-1/027 also accounted for at least half of the 

isolates from simultaneously occurring outbreaks across the US.  

Identification of NAP-1/027 in outbreaks is of particular interest. In the 2003 Quebec 

outbreak, the odds ratio for fluoroquinolone use in patients with CDI, as compared with control 

subjects, was 3.9 (95% confidence interval [CI], 2.3 to 6.6) (Kelly et al., 2008). This suggests 
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NAP-1/027 may have a competitive edge in hospital environments where fluoroquinolone is 

commonly used. It also indicates limiting fluoroquinolone use may help contain outbreaks 

caused by NAP-1/027. 

 Differences between NAP-1/027 and other toxigenic C. difficile have not been well 

defined. Studies comparing the differences in severity, morbidity and mortality are seemingly 

contradictory. One Canadian study showed the 30-day mortality rate for patients with NAP-

1/027 strain was twice that for those infected with a toxinotype 0/ribotype strain (Freeman et 

al., 2010). Another study opposes these findings, finding no significant differences in risk 

factors, severity of disease, and outcome (Freeman et al., 2010).  Understanding CDI 

epidemiology requires improved surveillance methods and more specific reporting definitions.  

6.1 Ribotype 027  

Various outbreaks of CDI in Canada have been associated with Ribotype 027. Outbreaks 

have been characterized by increased severity, high relapse rates, and significant mortality (Loo 

et al., 2005; Pépin et al., 2005). Ribotype 027 is known to produce toxins A, B, and CDT, and has 

changes in the tcdC gene including an 18 bp deletion and a frameshift mutation due to a single 

bp deletion at position 117 (MacCannell et al., 2006). It should be noted the majority of 

evidence concerning increased severity, high relapse rates, and significant mortality associated 

with Ribotype 027 has been obtained from outbreak settings (Wilson et al., 2010) and thus the 

association may not be accurate (Cloud et al., 2009, Morgan et al., 2008). Ribotype 027 has also 

been isolated in endemic disease situations. In a study characterizing C. difficile isolates from 21 

Ontario diagnostic laboratories, Ribotype 027 was recovered from 19.4% (209/1080) of stool 
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samples (Martin et al., 2008b). Further investigation is necessary to explore the association 

between disease severity and Ribotype 027. 

6.2 Epidemiology of C. difficile in Long-Term Care 

Because of their age, frequent antimicrobial exposure, frequent contact with the acute 

care system and the commonness of comorbidities, residents of LTCFs should be at particularly 

high risk of CDI, yet objective data are sparse (Kim et al., 2011; Polgreen et al., 2004; Poutanen 

and Simor, 2004; Tattevin et al., 2013; Wilkinson et al., 2011). Despite the high-risk nature of 

the LTCF population, few outbreaks of CDI have been declared in LTCFs and very limited study 

of C. difficile in those facilities has been reported. The incidence of CDI, prevalence of C. difficile 

colonization, and risk factors for infection and colonization have not been adequately 

investigated. In one study, the risk of colonization was found to increase in direct proportion to 

the length of hospital stay, ranging from 1% among patients admitted for less than 1 week to as 

high as 50% among patients admitted for more than 4 weeks; this suggests ongoing exposure to 

C. difficile occurs throughout the hospital stay (Johnson et al., 1990). Whether this is 

comparable in LTCFs has yet to be determined. 

The relationship between HA-CDI, LTCF-associated CDI and community-associated (CA) 

CDI is also poorly understood and it is unknown whether CDI in LTCF residents are acquired in 

the LTCF, or if it occurs mostly in residents who have been recently transferred from an acute 

care setting (Kim et al., 2011). Understanding the epidemiology of CDI in LTCF is critical for the 

development of proper disease surveillance, for understanding the burden of disease, for 

development of measures to reduce CDI in LTCF residents, and for the reduction of the risk to 

acute care facilities from admission of infected or colonized LTCF residents. 
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7.0 Proposed Studies 

Alteration of the normal fecal flora, colonization of the large intestine with a toxigenic 

strain of C. difficile, and elaboration of its toxins are necessary for the development of CDI. 

While there is a logical focus on CDI (the clinical manifestation of exposure to this pathogen), 

asymptomatic carriage is a critically important but poorly investigated area. Colonized 

individuals (‘carriers’) may be at increased risk of subsequent development of CDI and may 

pose a risk to others, yet this has not been adequately studied in LTCFs. The relevance of 

colonization is so poorly understood that arguments can be made both for beneficial and 

detrimental aspects of colonization, since some studies have shown colonization may protect 

against development of symptomatic disease (Poutanen and Simor, 2004). Because of the 

regional variation in CDI, differences in healthcare and LTCF systems and the dramatic changes 

in the epidemiology of CDI over the past decade, contemporary and geographically relevant 

data are required to understand the challenges faced by LTCFs and their associated healthcare 

providers in Ontario.  

The objectives of the study were as follows:  

1. To determine the prevalence of C. difficile colonization in LTCF residents; to 

determine the types of C. difficile found in LTCF residents; and to identify associated 

risk factors for C. difficile colonization.  

2. To determine the incidence of CDI in LTCF residents; and to identify risk factors for 

CDI. 

3. To describe the fecal microbiome of LTCF residents; and to compare the fecal 

microbiome of LTCF residents with normal feces and no C. difficile colonization to 
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those with normal feces and C. difficile colonization and those with CDI. 

4. To determine the prevalence of C. difficile colonization in non-diarrheic LTCF 

residents upon admission to hospital; to determine the prevalence of acquisition of 

C. difficile colonization during hospitalization; to evaluate risk factors for acquisition 

of C. difficile colonization during hospitalization; and to characterize and compare C. 

difficile isolates from admission and discharge. 

The prevalence of C. difficile shedding and the incidence of CDI in one LTCF and Acute 

Care Hospital Facility in Ontario will be assessed via stool and/or rectal swab sampling. Selective 

enrichment culture will be used to isolate C. difficile and a variety of molecular tests (e.g. PCR 

ribotyping, toxin gene detection) will be used to characterize isolates. Historical, demographic 

and clinical data will be used to assess risk factors. Based on these results, residents with CDI 

will be selected for further study to characterize their intestinal microbiota and compare 

against non-infected residents using PCR directed at the 16s rRNA gene, next generation 

sequencing and advanced bioinformatics platforms. 

Identification of risk factors, colonization, and changes in the intestinal microbiota over 

time may lead to a better understanding of CDI in this patient population, determine whether 

data from acute care patients and facilities are applicable to LTC, and ultimately facilitate 

development and testing of early and effective interventions and preventive measures that 

could improve patient outcomes and decrease cost associated with CDI.   
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Chapter 2 

 

Examining the epidemiology and microbiology of Clostridium difficile colonization in elderly 

patients and residents of a health care facility in southern Ontario, Canada 

 
(Gabriella Mallia BSc MPH, Jane Van Toen MLT BSC CIC, Joyce Rousseau, Latha Jacob MSC CIC, 
Patrick Boerlin DVM FVH MSc, Amy Greer BSc MSc PhD, Devon Metcalf BSc MSc PhD CIC, J Scott 
Weese DVM DVSc ACVIM. J Hosp Infect. August 2018; 99 (4): 461-468. 

Abstract 

Background 

While Clostridium difficile has been extensively studied in acute care facilities 

(ACFs), there is limited information about long-term care facilities (LTCFs), despite the high 

occurrence of putative risk factors (e.g. age, antimicrobial use, healthcare system contact). 

Aim 

To evaluate C. difficile colonization in elderly patients and residents from ACF and its 

associated LTCF.  

Methods 

Stool swabs were collected from 884 LTCF and elderly (>65 years) hospital patients. 

Selective culture, PCR ribotyping and toxin gene characterization were performed. 

 Findings 

C. difficile was isolated from 92/410 (22.4%) ACF and 89/474 (18.8%) LTCF samples. 

Ribotypes 027 (35%) and 020 (10.4%) predominated the LTCF while ribotypes AI-82/1 

(20.7%) and ribotype O (14.1%) predominated the ACF (P=0.031). In the LTCF, C. difficile 

colonization was associated with a history of PPI use, and the interaction terms of male 

residents with prior medical leave of absence, and a prior history of C. difficile infection 
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(CDI) combined with fluoroquinolone use. In the ACF, C. difficile colonization was associated 

with length of stay, feeding through a tube, antibiotic use, immunosuppressive therapy and 

VRE colonization, and the interaction terms for cephalosporin and fluoroquinolone use, 

prior CDI and cephalosporin use, and prior CDI and fluoroquinolone use. 

Conclusion 

C. difficile colonization by ACF and LTCF residents was common, despite a low 

incidence of CDI. The association with PPI provides further evidence of the potential 

importance of this commonly used drug class in C. difficile colonization.  Wide genetic 

diversity was present, highlighting the likelihood of multiple unidentified routes of C. 

difficile acquisition. 
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Examining the epidemiology and microbiology of Clostridium difficile colonization in elderly 
patients and residents of a health care facility in southern Ontario, Canada 
 
Gabriella Mallia, Jane Van Toen, Joyce Rousseau, Latha Jacob, Patrick Boerlin, Amy Greer, 
Devon Metcalf, J Scott Weese 

1.0 Introduction 

Clostridium difficile is an important pathogen in healthcare facilities (HCFs). It is the 

most common cause of healthcare-associated (HA) infectious diarrhoea in adults and is 

responsible for nearly all cases of pseudomembranous colitis (Kim et al., 2011; Loo et al., 2011; 

Polgreen et al., 2010; Poutanen and Simor, 2004; Tattevin et al., 2013; Wilkinson et al., 2011). 

C. difficile is an anaerobic Gram-positive, rod shaped, spore-forming bacterium that is found 

both in a highly oxygen sensitive vegetative form, or in a heat-stable spore form 

(Kachrimanidou et al, 2011; Kelly et al., 2008; Poutanen and Simor, 2004; Seekatz et al., 2014), 

that can be widely disseminated in the healthcare environment. 

Colonized or infected patients, and spore-contaminated environments have been 

identified as the primary reservoirs for C. difficile (Kim et al., 2011; Poutanen and Simor, 2004). 

It is also estimated that C. difficile is commonly present in the stools of 5% of healthy adults and 

in 30-70% of infants (Kachrimanidou et al., 2011; Seekatz and Young, 2014). In a hospital 

setting, it is estimated to be present in as high as 20% of the population (Salyers et al., 2002). C. 

difficile spores have also been detected in various environmental sources, including 

domesticated animals, water sources, and soil (Seekatz et al., 2014). 

Disruption of the normal protective microbiota is thought to play a key role in 

development of C. difficile infection (CDI). Widespread antibiotic usage, which inhibits the 

growth of the predominant protective colonic bacterial microbiota, is a leading factor in the 
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increase in HA-CDI (Poutanen and Simor, 2004). Furthermore, increases in outbreaks in Canada 

and the United States have been attributed to the emergence of an epidemic strain, North 

American Pulsed-Field Gel Electrophoresis (PFGE) type 1 and PCR ribotype 027 (NAP1/027) 

(Kelly et al., 2008; Loo et al., 2011), which is associated with greater disease severity, morbidity 

and mortality. One of the most important C. difficile virulence factors is toxin production 

(Kachrimanidou et al., 2011; Kelly et al., 2008; Loo et al., 2011; Poutanen and Simor, 2004; 

Seekatz and Young, 2014). Production of Toxins A and B are responsible for the inflammatory 

response, fluid and mucous secretion, and pseudomembrane formation associated with CDI 

(Kachrimanidou et al., 2011; Kelly et al., 2008; Poutanen and Simor, 2004; Seekatz and Young, 

2014). Binary Toxin (CDT) has also been identified as a virulence indicator in C. difficile; 

however, its role in pathogenesis is unclear. 

 In acute care facilities (ACFs), risk factors for CDI have been extensively studied. 

Advanced age, underlying medical illness, antimicrobial use (particularly the use of clindamycin, 

cephalosporins and fluoroquinolones), immunosuppressive therapy, and prolonged length of 

stay have all been associated with increased risk of CDI (Kim et al., 2011; Polgreen et al., 2010; 

Poutanen and Simor, 2004; Tattevin et al., 2013; Wilkinson et al., 2011). There is comparatively 

limited information pertaining to CDI in long-term care facilities (LTCFs). Because of their age, 

frequent antimicrobial exposure, frequent contact with the acute care system and prolonged 

length of stay, and the commonness of comorbidities, residents of LTCFs should be at 

particularly high risk for CDI, yet objective data are rather sparse (Kim et al., 2011; Polgreen et 

al., 2004; Poutanen and Simor, 2004; Tattevin et al., 2013; Wilkinson et al., 2011). However, C. 
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difficile colonization by non-diarrheic elderly ACF patients and LTCF residents is common 

(Kachrimanidou et al., 2011; Salyers et al., 2002; Seekatz et al., 2014).  

Despite the high-risk nature of the LTCF population, few outbreaks of CDI have been 

reported in LTCFs. Incidence of CDI, prevalence of C. difficile colonization, and risk factors for 

infection and colonization have not been adequately investigated in this population. The 

relationship between hospital-associated CDI, LTCF-associated CDI and community-associated 

CDI is also poorly understood and it is unknown whether CDI in LTCF residents is acquired in the 

LTCF, or if it occurs mostly in residents who have been recently transferred from a hospital 

setting (Kim et al., 2011). Understanding the epidemiology of C. difficile in LTCF is critical for 

development of proper disease surveillance, for understanding the burden of disease, for 

management of infected and colonized residents, for development of measures to reduce CDI 

in LTCF residents and for reduction of the risk to acute care facilities from admission of infected 

or colonized LTCF residents. 

While there is a logical focus on CDI, the clinical manifestation of exposure to this 

pathogen, asymptomatic colonization is a critically important but poorly investigated area. 

Colonized individuals (‘carriers’) may be at increased risk of subsequent development of CDI 

and may pose a risk to others, yet this has not been adequately studied in LTCFs. The relevance 

of colonization is so poorly understood that arguments can be made both for beneficial and 

detrimental aspects of colonization, since some studies have shown that colonization may 

protect against development of symptomatic disease (Poutanen and Simor, 2004); however, 

objective study of this topic has been limited and the positive or negative aspects of 

colonization on development of CDI are unclear. Further differentiating the impact of 
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colonization on risk of CDI, versus factors that influence both colonization and CDI, is 

challenging. Regardless, a better understanding of colonization in populations such as LTCF 

residents is important to better elucidate the epidemiology and pathophysiology of CDI. 

Because of the regional variation in CDI, differences in healthcare and LTC systems and 

the dramatic changes in the epidemiology of CDI over the past decade, contemporary and 

geographically relevant data are required to understand the challenges faced by LTCFs and their 

association healthcare providers in Ontario. Identification of risk factors for colonization, the 

impact of colonization on the development of CDI and the role of the microbiota in both 

colonization and CDI, could lead to early interventions and preventive measures that could 

improve patient outcomes and decrease cost associated with treatment.  

The objectives of this study were to determine the prevalence C. difficile colonization in 

elderly patients and residents in one ACF and its associated LTCF, and identify risk factors for C. 

difficile colonization.  

2.0 Methods 

2.1 Setting 

One health care facility, located in southern Ontario, Canada, participated in this study. 

The entire facility is geared towards geriatric care and consists of three distinct care facilities: a 

retirement residence, also commonly known as an assisted living community, that 

accommodates 190 residents; a 472 bed nursing home (LTCF), with six floors that are 

designated based on the level of care that is required; and a 262 bed geriatric hospital (ACF) 

mostly for complex continuing care. Patient samples were collected from both the ACF and the 
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LTCF from 1st August 2014 to 1st March 2015. This study was approved by the research ethics 

boards of the University of Guelph and the participating health care facility (REB#14MR022). 

2.2 Sampling  

Samples were collected in a cross-sectional manner from all LTCF residents and elderly 

ACF patients (65 years and older), including all new admissions, over the course of the study. 

Dry, sterile swabs (Copan Eswabs™, Copan Diagnostics Inc., USA) were used for specimen 

collection. Stool swabs were collected during regular toileting or pericare by the facility’s 

nurses. The swabs were immersed in 1 mL of Liquid Amies and FLOQSwab™ and stored at 4 

degrees Celsius, for up to several weeks, until processing.  

For each patient sampled, risk factor data were collected by the facility’s staff through 

retrospective chart review. The data collected are listed in Table I. Only one sample per patient 

was collected, except for patients from the ACF who were transferred from the LTCF during the 

study period. Their samples were collected at the initial sampling time in the LTCF, and upon 

admission to the ACF. These were tested and processed twice. Duplicate information was 

maintained in the data for these patients.  

2.3 Processing 

Selective culture for C. difficile was performed. Stool swabs were immersed in 10 ml of 

Tryptone Soy Agar (TSA) broth and incubated anaerobically at 37°C for 5 to 7 days. A 2 ml 

aliquot of broth was alcohol shocked by addition of an equal volume of anhydrous alcohol. 

Following a one-hour incubation period at room temperature, the samples were centrifuged at 

4,000 rpm for 10 min. The resulting pellet was plated onto C. difficile moxalactam-norfloxacin 
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(CDMN) agar (Oxoid, Nepean, Ontario, Canada) and incubated anaerobically for 24 to 96 hours 

at 37°C. Suspected C. difficile colonies were further sub-cultured onto blood agar (Oxoid, 

Nepean, Ontario, Canada) and identified based on characteristic colony morphology, odour, 

and production of L-proline-aminopeptidase (Prodisk, Remel, Lenexa, Kansas, USA).  

All C. difficile positive isolates were investigated for the presence of Toxin A (tcdA), Toxin 

B (tcdB), and the binary toxin (cdtA) genes using PCR (Barth et al., 2004; Bauer et al., 2011, Biagi 

et al., 2010; Kachrimanidou et al., 2011; Kilgore et al., 2008; Loo et al., 2011). Capillary 

ribotyping was also performed as previously reported (Fawley et al., 2015) and analysed using 

the Webribo server (https://webribo.ages.at/). Ribotypes identified as international ribotybes 

based on comparison to reference strains were assigned the appropriate numerical designation 

(e.g., 027) (Persson et al., 2008). When a ribotype was not identified, an internal laboratory 

letter was assigned.  

2.4 Statistical Models 

Logistic regression models were constructed for each location. The dependent variable 

was the presence or absence of C. difficile in-patient stool samples. All patient data (Table 1) 

were investigated as independent variables.  

The Variance Inflation Factor (VIF) test was used to identify collinearity between 

independent variables and the presence of C. difficile in stool samples. Independent variables 

with a VIF > 0.8 were omitted from model building.  

A contingency analysis was conducted to assess differences between the dependent 

variable, and the independent variable based on sex.  
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Univariable logistic regression models were constructed to screen each independent 

variable with the dependent variable using a liberal P-value of ≤ 0.2. Variables with a P-value 

>0.20 that were not a priori deemed biologically significant were omitted from initial model 

building. 

Age was assessed for linearity by modelling the continuous as a quadratic, and visually 

with the use of a Lowess smoother curve. As expected, given the nature of the population for 

this study, age was not linear and thus transformed into a quadratic variable to be included in 

the final model. 

 The risk factor data for the LTCF and the ACF were kept separate for the purpose of 

comparing risk factor models, because of the differences in the populations. A single 

multivariable model for each location was constructed by a combination of a manual forwards 

and backwards step-wise procedure. All biologically significant variables, and all significant 

variables based on the liberal P-value were added to the model one at a time. Confounding was 

assessed by examining the effect of the removed variables on the coefficients of the remaining 

variables. A variable was deemed to be a confounder if it was not an intervening variable and 

the log odds of a statistically significant independent variable changed by at least 20% (Dohoo 

IR, et al.; 2003). Two-way interaction terms were generated for all variables with sex, prior 

history of C. difficile Infection, history of antibiotic use, and individual antibiotic usage. Two-way 

interaction terms were also created between individual antibiotics. These interaction terms 

were examined in the final main effects model.  

Random intercepts were removed from the model if, based on a likelihood ratio test 

(LRT), they were not statistically significant and were not confounding variables. Akaike’s 
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Information Criteria (AIC) and Bayesian Information Criterion (BIC) were used to assess model 

fit for models with and without the random intercepts to assess which model provided the best 

fit. Standardized Pearson residuals were examined to identify outliers.  

All descriptive statistics, model building, and analyses were performed using Stata 14.2 

(StataCorp LP, College Station, Texas, USA). All tests were two-sided and statistical significance 

was based on an α ≤ 0.05. 

3.0 Results 

3.1 Descriptive Statistics 

Eight-hundred and eighty-four patient samples were collected, 474 from the LTCF and 

410 from the ACF. There were no outbreaks of C. difficile in either facility during this study. Only 

one patient was diagnosed with CDI during the study period.  

Twenty-one percent (181/884; 95%CI 18-23%) of samples tested positive for the 

presence of C. difficile, 18.8% (89/474; 95%CI 15-23%) in the LTCF and 22.4% (92/410; 95%CI 

19-27%) in the ACF. The odds of C. difficile colonization were not significantly different in the 

LTCF than the ACF (OR=0.80; 95%CI 58-100%, P=0.206). The risk factor data collected with each 

patient sample are presented in Table 1.  

Most patients were female with an average length of stay of 1253 days in the LTCF and 

182 days in the ACF. The average age was 87 in the LTCF compared to 80 in the ACF (Table 1). 

Prior lifetime history of CDI was low in patients from both facilities (5.1% in the LTCF and 6.4% 

in the ACF). History of antibiotic use within the past two months was similar in both facilities 

(37% in the LTCF and 38% in the ACF), while there was a greater use of PPIs in the two weeks 

prior to sample collection in the ACF (36%) than in the LTCF (32%) (Table 1). 
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 The results of univariable analysis of risk factors associated with C. difficile colonization 

in the LTCF and ACF are presented in Supplemental Tables 1 and 2 respectively.  

One-hundred and eighty-one isolates were obtained, 89 from LTCF residents and 92 

from ACF residents. Overall, 92% of isolates were toxigenic (Table 2). The differences in toxin 

gene patterns between isolates from the LTCF and the ACF were significant (P=0.031). Thirty-

eight ribotypes were identified overall, with 25 different ribotypes identified in each of ACF and 

LTCF residents. Eleven of the ribotypes were common to both facilities. A small number of 

ribotypes predominated in each group (Table 3). Ribotypes 027 (A+B+CDT+) (30/89, 35%) and 

020 (A+B+CDT-) (9/89, 10.4%) were most frequently identified in the LTCF, while ribotypes AI-

82/1 (A+B+CDT-) (19/92, 20.7%) and an internally designate ribotype (O) (A+B+CDT-) (13/92, 

14.1%) were most frequently identified in the ACF. Data pertaining to the characterization of C. 

difficile isolates are presented in Table 3.  

Four individuals were sampled first at the LTCF then later after admission to the ACF. In 

three, C. difficile was isolated from the sample taken at the ACF but not at the LTCF. In the 

other, C. difficile was not isolated in either location.  

3.2 Statistical model 

The results of the separate univariable analyses for the LTCF and the ACF are presented 

in Supplemental Table 3. The final multivariable model included different risk factors for each 

location. Sixteen variables were included for the LTCF model and nineteen for the ACF model.  

No confounders were identified in either model. Interaction terms, or, the multiplication result 

of two risk factor variables, were assessed for significance. An interaction term and its 

component individual variables were retained in the model if the interaction term was 
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significant. Several non-significant variables were retained in the final models due to research 

interest and biological plausibility. Age, sex and length of stay were forced into both final 

models, as were cephalosporin, fluoroquinolone, penicillin, and sulfonamide use due to their 

correlation with CDI in the literature. 

  Standardized Pearson residuals were assessed. One outlier (i.e. residual values greater 

than 2) was identified in each model. In both cases, the data were reviewed for any errors and 

the models were run with the outliers excluded. In both models, the outlying observation was 

ultimately removed to create a more parsimonious model. Both models were determined to fit 

the data (Pearson χ2 test P=0.33 and 0.22 for the LTCH and ACF models, respectively). 

Results from the LTCF multivariable logistic regression model (Table 4) indicated that the 

odds of C. difficile colonization were significantly higher for residents with a history of PPI use, 

and the interaction terms of male residents with prior medical leave of absence, and a prior 

history of CDI combined with fluoroquinolone use.  

There were eight statistically significant independent variables in the final ACF model 

(P<0.05). Results from the ACF multivariable logistic regression model (Table 5) indicated that 

the odds of C. difficile colonization were significantly higher for patients with a longer length of 

stay, feeding through a tube, with a history of antibiotic use, history of immunosuppressive 

therapy, a history of VRE colonization, as well as the interaction terms for cephalosporin and 

fluoroquinolone use, prior CDI and cephalosporin use, and prior CDI and fluoroquinolone use. In 

both models, the only common statistically significant variable was the interaction term 

between a prior history of CDI and fluoroquinolone use.  
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4.0 Discussion 

There are few studies exploring the epidemiology of C. difficile in LTCF facilities. By 

assessing the prevalence of C. difficile colonization among residents and elderly patients and 

identifying risk factors for colonization, the information generated can be used by health-care 

personnel to reduce unknown dissemination of C. difficile. Early identification of these carriers 

can also help improve infection prevention and control measures through better hygiene and 

targeted environmental cleaning practices. 

Overall, 19% of LTCF residents and 22% of ACF elderly patients were found to be 

positive for colonization with C. difficile. The prevalence, while high, was consistent with some 

studies of presumably high-risk populations (Kachrimanidou et al., 2011; Salyers et al., 2002; 

Schulz et al., 2009; Seekatz et al., 2014; Wilkinson et al., 2011) in which the prevalence of C. 

difficile colonization ranges from 4 to 20% in endemic settings, up to 30% in an outbreak setting 

(Chopra and Goldstein, 2015).  

Despite the high prevalence of colonization, prevalence of CDI was rare, with only one 

patient developing CDI over the course of the study. The presence of C. difficile in the intestinal 

tract is only one part of the pathophysiology of CDI and the role of colonization on disease (or 

protection from disease) is unclear. It is possible that asymptomatic individuals harboring 

toxigenic strains of C. difficile may have acquired protection from development of disease. A 

study by Loo and colleagues in 2011 identified the presence of antibodies against toxin B was 

associated with HA asymptomatic C. difficile colonization (Loo et al., 2011). Although these 

individuals may be subsequently at low risk for developing clinical disease (Chopra and 
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Goldstein, 2015), the implications of a high colonization rate are important, since these 

individuals may be reservoirs for spreading C. difficile to other patients.  

While many different ribotypes were identified, a small number accounted for most 

isolates. Despite having two associated facilities, different ribotypes were present in each one, 

with ribotypes 027 (35%) and 020 (12%) predominating in the LTCF, and ribotype AI-82/1 (19%) 

predominating in the ACF. The predominance of ribotype 027 in the LTCF is consistent with the 

high endemic rate of this ribotype in this region. 

Most C. difficile isolates were toxigenic, 96% in the LTCF and 88% in the ACF. This is 

consistent with literature that cites toxigenic strains of C. difficile as the most prevalent among 

colonized patients (Furuya-Kanamori et al., 2015). Most toxigenic isolates (71%) contained 

tcdA+ and tcdB+ only. In contrast, isolates containing tcdA+, tcdB+ and cdtAB accounted for 

29% of toxigenic isolates, most which (81%) were from ribotype 027.  

 In a 2008 study by Martin et al., where 39 distinct PCR ribotype patterns were identified 

among 1,080 stool samples obtained from Ontario diagnostic laboratories, ribotypes 001 

(25.5%) and 027 (19.4%) were most commonly identified (Martin et al., 2008b). A similar study 

in an ACF in Prince Edward Island identified 22 different ribotypes from 105 stool samples, 

where ribotypes 001 (18%), 027 (4.7%), and 078 (2.9%) were the most predominant types 

(Martin et al., 2008a). It is interesting to note that in the current study, ribotype 027 was not 

one of the predominant types isolated from C. difficile positive samples in the ACF. Subjectively, 

ribotypes did not appear to cluster based on ward location or shared accommodations.  

It is becoming clear that the epidemiology of HA-CDI is more complex than was 

previously thought, with whole genome sequencing studies highlighting a complex 
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epidemiology and suggesting that clustering of types within facilities may not represent true 

outbreaks (Eyre et al., 2013).  A similarly complex epidemiology, with many distinct types and 

potential sources of infection is likely similarly present in LTCFs. Further study to investigate 

spatial distribution of the identified ribotypes may yield valuable information on C. difficile 

dissemination throughout health care facilities 

The difference in the predominance of the ribotypes carried by patients and residents is 

somewhat surprising. To our knowledge, it is unknown what strains are most commonly 

associated with colonization and it raises the question of the mechanism by which these 

toxigenic strains can colonize a patient without causing symptomatic disease. It has been 

proposed that patients carrying toxigenic strains but remaining asymptomatic may have a 

strong immunoglobulin G response against Toxins A or B (Chopra and Goldstein, 2015), though 

this might not be as likely in an elderly population. 

Risk factors for CDI in acute care specifically have been extensively studied and include 

advanced age, underling medical illness, antimicrobial use (particularly the use of clindamycin, 

cephalosporin, and fluoroquinolone), immunosuppressive therapy, and prolonged length of 

stay (Kim et al., 2011; Polgreen et al., 2010; Poutanen et al., 2004; Wilkinson et al., 2011).  

Current literature on risk factors related to C. difficile colonization in LTCF residents is limited.  

Contrary to literature, patients that had been transferred to and/or from an ACF 

appeared to have lower odds of C. difficile colonization. Furthermore three of four patients in 

this study that had been transferred from the LTCF and had negative results on their LTCF 

sample were positive on the ACF sample. Interestingly, the types of C. difficile that were 

present upon sampling following admission were strains that predominated in the ACF and not 
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the LTCF. Given these findings, it is likely that these patients were colonized shortly after entry 

to the ACF. 

The significant association of antibiotics with C. difficile colonization in the ACF group is 

consistent with previous studies (Furuya-Kanamori et al., 2015, Rea et al., 2012, Leekha et al., 

2013) and the concept that intestinal microbiota disruption is an important factor for 

colonization. Of note is the significant association of PPI use and C. difficile colonization in the 

LTCF group, while antibiotic use was not significant. Though there is increasing evidence of a 

possible association between PPI use and CDI (Furuya-Kanamori et al., 2015, Seto et al., 2014), 

it is still a controversial area. However, in this study PPI use appears to be a key factor in C. 

difficile colonization. This is important to consider because of the high frequency of PPI 

prescription to LTCF patients, even in the absence of clear indications. Further study is 

warranted to determine the impact, if any, of PPIs on the intestinal microbiome and the effect 

this may have on C. difficile colonization and subsequent disease.  

Clindamycin was initially considered the main risk factor for CDI; however, more recent 

studies have demonstrated that fluoroquinolones and broad-spectrum β-lactam agents (mostly 

third generation cephalosporins and combinations with β-lactamase inhibitors) are more likely 

associated with the development of CDI (Tattevin et al., 2013). It is interesting to note that 

antibiotic use, cephalosporin use, and fluoroquinolone use, when analyzed independently 

through univariable analysis, appeared to significantly increase the odds of C. difficile 

colonization in both locations, but when included in our model with other risk factor data, did 

not appear to significantly increase or decrease the odds of colonization in either population. 

However, several interaction terms that included individual antibiotic classes appeared to 
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increase the odds of C. difficile colonization in both the ACF and LTCF. It is likely that this lack of 

a clear association between antibiotics and C. difficile was due to the wide use of antibiotics in 

this population.  

The present study has several limitations. Care should be taken when extrapolating 

results as the study was conducted at a single ACF and LTCF in Southern Ontario. Second, the 

samples were also collected by several health care providers across the facilities. The exact 

method of sampling is also known to have varied between patients depending on their 

cognitive status, and could have introduced unintentional bias. Variations in sampling may bias 

the overall prevalence of C. difficile colonization in these environments. Sampling was also 

conducted at the beginning of the study, or upon admission to the ACF or LTCF. Thus, the 

duration of C. difficile carriage could not be assessed. Third, risk factor collection was 

performed retrospectively, after sampling had occurred. Though the chart reviewer was not 

aware of any outcomes with respect to C. difficile colonization, this method of data collection 

may have also introduced unintentional bias. Also, as with most retrospective studies, the 

temporal relationship between C. difficile colonization and risk factors is difficult to assess. We 

attempted to minimize this bias by defining the period in which certain risk factors, for example 

antibiotic use and PPI use, were considered and included for this study. Finally, the patient 

environment was not sampled in this study. It would be of value in further studies to 

investigate the environment as a potential transmission source or reservoir in this population.  

5.0 Conclusions 

This study demonstrated that C. difficile colonization by elderly HCF and LTCF 

residents was common, despite a low apparent incidence of CDI. The association with PPI 
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provides further evidence of the potential importance of this commonly used drug class in 

C. difficile colonization.  Wide genetic diversity was present, highlighting the likelihood of 

multiple unidentified routes of C .difficile acquisition. 
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Tables 
 

Table 2.1: Descriptive statistics of risk factor variables collected for each patient and resident 
 

Risk Factor 
Long-Term Care Facility 

n=474 
Acute-Care Facility 

n=410 

Average length of stay (days) 1253.3 (0-14272) 182.2 (0-4774) 

Average age (years) 87 (58-107) 79.6 (46-103) 

Male 29.1% (138) 45.6% (187) 

Female 70.9% (336) 54.4% (223) 

Private accommodations 100% (474) 41.0% (168) 

Ambulatory  98.7% (468) 92.4% (379) 

Use of feed tube 1.7% (8) 18.8% (77) 

Continent 11% (52) 18.8% (77) 

Loose bowel movements 5.5% (26) 28.3% (116) 

Laxative use 93.3% (442) 65.4% (268) 

History of C. difficile Infection 5.1% (24) 6.4% (26) 

Antibiotic use in past 2 months 36.5% (173) 37.6% (154) 

Aminoglycosides 0% (0) 0.7% (3) 

Beta-Lactams 0% (0) 0.7% (3) 

Cephalosporins 13.9% (66) 17.8% (73) 

Fluoroquinolones 12.2% (58) 10.5% (43) 

Glycopeptides 0.4% (2) 3.2% (13) 

Lincosamides 1.3% (6) 0.7% (3) 

Macrolides 3% (14) 1.2% (5) 

Nitrofurantoin 1.7% (8) 1.0% (4) 

Nitroimidazoles 0.8% (4) 1.7% (7) 

Penicillins 14.1% (67) 12.7% (52) 

Rifampins 0% (0) 0.5% (2) 

Sulfonamides 7.6% (36) 10% (41) 

Tetracyclines 1.1% (5) 0% (0) 

Use of anti-ulcer medications 2.7% (13) 2.7% (11) 

Use of proton pump inhibitors 31.9% (151) 36.1% (148) 

Recent surgical procedures 2.1% (10) 22.2% (91) 

Recent leave of absence, medical (LOAM) 17.3% (82) 12.4% (51) 

History of C. difficile Infection on the ward 13.7% (65) 0% (0) 

History of cancer and/or IBD 7.6% (36) 4.9% (20) 

History of immunosuppressive therapy 11.8% (56) 4.6% (19) 

Infection prevention and control 
precautions (current) 9.5% (45) 12% (49) 
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Any known history of Vancomycin 
Resistant Enterococci Colonization  0.2% (1) 1.7% (7) 

Current long-term indwelling device 3.4% (16) 30.2% (124) 
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Table 2.2: C. difficile toxin gene isolates identified in an Acute-Care Facility (ACF) and a Long-

Term Care Facility (LTCF) 

 

Toxinotype 

Long-Term Care 
Facility 
n=88 

Acute Care 
Facility 
n=92 

A+B+CDT+ 34 (39.1%) 14 (15.2%) 

A+B+CDT- 50 (57.5%) 67 (72.8%) 

A-B-CDT- 4 (4.6%) 11 (12.0%) 
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Table 2.3: Toxin gene pattern and ribotype characterization of C. difficile isolates identified in 

an Acute-Care Facility (ACF) and a Long-Term Care Facility (LTCF) 

 

Ribotype 
Toxin Gene 

Profile 
LTCF 
n=88 

ACF 
n=92 

AI-82/1 A+B+CDT- 3 (3.5%) 19 (20.7%) 

002 and 002/2 A+B+CDT- 2 (2.3%) 1 (1.1%) 

012 A+B+CDT- 0 (0%) 4 (4.4%) 

014 and 014/0 A+B+CDT- 6 (6.8%) 3 (3.3%) 

020 A+B+CDT- 9 (10.4%) 6 (6.5%) 

027 A+B+CDT+ 30 (34.5%) 9 (9.8%) 

029 A+B+CDT- 0 (0%) 1 (1.1%) 

039 A-B-CDT- 2 (2.3%) 1 (1.1%) 

056 A+B+CDT- 4 (4.6%) 0 (0%) 

077 A+B+CDT- 0 (0%) 1 (1.1%) 

078 A+B+CDT+ 4 (4.6%) 4 (4.4%) 

084 A+B+CDT- 2(2.3%) 1 (1.1%) 

106 A+B+CDT- 9 (10.4%) 7 (7.6%) 

126 A+B+CDT+ 0 (0%) 2 (2.2%) 

176 A+B+CDT- 0 (0%) 3 (3.3%) 

557 A-B-CDT- 0 (0%) 1 (1.1%) 

590 A+B+CDT- 1 (1.2%) 0 (0%) 

616 A+B+CDT- 1 (1.2%) 0 (0%) 

705 A+B+CDT- 1 (1.2%) 0 (0%) 

A-076 A+B+CDT- 1 (1.2%) 0 (0%) 

A-149 A+B+CDT- 1 (1.2%) 0 (0%) 

A-194 A+B+CDT- 1 (1.2%) 0 (0%) 

A-238 A-B-CDT- 1 (1.2%) 0 (0%) 

A-253 A+B+CDT- 1 (1.2%) 0 (0%) 

A-461 A+B+CDT- 1 (1.2%) 0 (0%) 

E A+B+CDT- 1 (1.2%) 0 (0%) 

O A+B+CDT- 4 (4.6%) 13 (14.1%) 

OVC E A-B-CDT- 1 (1.2%) 9 (9.8%) 

H-140 A-B-CDT- 0 (0%) 1 (1.1%) 

H-166 A+B+CDT- 0 (0%) 1 (1.1%) 

H-220 A+B+CDT- 0 (0%) 1 (1.1%) 

H-265 A+B+CDT- 0 (0%) 1 (1.1%) 

H-289 A+B+CDT- 0 (0%) 1 (1.1%) 

H-297 A+B+CDT- 0 (0%) 1 (1.1%) 

H-326 A+B+CDT- 0 (0%) 1 (1.1%) 
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Table 2.4: Multivariable logistic regression model of variables associated with C. difficile 

colonisation in the Long-Term Care Facility (LTCF) 

 

Variable Odds Ratio 95% CI P-Value 

Age 0.96 0.94-0.99 0.008 

Length of stay 1.00 0.99-1.00 0.076 

Sex 0.68 0.37-1.26 0.219 

History of C. difficile infection (CDI) 0.63 0.13-2.93 0.552 

History of antibiotic use in past 2 months 0.94 0.40-2.20 0.880 

History of cephalosporin use in past 2 months 1.59 0.71-3.53 0.109 

History of fluoroquinolone use in past 2 months 2.07 0.87-4.90 0.121 

History of nitrofurantoin use in past 2 months 3.09 0.54-17.61 0.124 

History of nitroimidazole use in past 2 months 1.38 0.07-28.34 0.785 

History of penicillin use in past 2 months 0.91 0.38-2.22 0.710 

History of sulfonamide use in past 2 months 1.74 0.68-4.44 0.232 

History of antiulcer medication 0.08 0.00-2.18 0.117 

Proton pump inhibitor use 2.05 1.20-3.49 0.003 

Leave of absence, medical 0.14 0.02-0.82 0.026 

Male X Leave of absence medical 11.28 1.70-74.87 0.011 

History of CDI X Fluoroquinolone use 39.30 1.70-910.14 0.032 
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Table 2.5: Multivariable logistic regression model of variables associated with C. difficile 

colonisation in the Acute-Care Facility 

 

 

Variable Odds Ratio 95% CI P-Value 

Age 1.07 0.69-1.67 0.769 

Length of stay 1.00 0.10-1.00 0.037 

Sex 1.46 03.65-3.30 0.363 

Feed tube use 4.83 1.95-11.97 0.001 

History of antibiotic use in past 2 months 4.36 1.00-18.95 0.050 

History of C. difficile infection (CDI) 0.01 0.00-0.65 0.029 

History of cephalosporin use in past 2 months 0.24 0.06-1.01 0.051 

History of fluoroquinolone use in past 2 months 0.16 0.03-1.03 0.054 

History of penicillin use in past 2 months 1.09 0.37-3.16 0.877 

History of sulfonamide use in past 2 months 0.78 0.23-2.65 0.687 

Anti-ulcer medication use 3.85 0.83-17.80 0.085 

Proton pump inhibitor use 1.09 0.49-2.44 0.831 

Immunotherapy 8.09 2.24-2922 0.001 

Infection prevention and control precautions 0.39 0.10-1.50 0.169 

Any known history of Vancomycin Resistant 
Enterococci Colonization 

19.64 1.73-222.61 0.016 

Cephalosporin use X Fluoroquinolone use 16.35 1.51-177.61 0.022 

History of CDI X Fluoroquinolone use 31.13 0.62-1553.49 0.085 

History of CDI X Cephalosporin use 56.59 1.12-2854.07 0.044 
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Figures 
 

 

Figure 2. 1: Toxin gene pattern and ribotype characterization of C. difficile isolates identified in 

an Acute-Care Facility (ACF) (n=92) and a Long-Term Care Facility (LTCF) (n=88) 
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Supplemental Tables 
 

Table 2.1: Univariable contingency analysis of risk factors associated with C. difficile colonization 

by Long-Term Care Facility (LTCF) residents (n=474) 

 

Variable  C. difficile P-value 

Gender Male 26/138 (19%) 0.959 

Female 64/336 (19%) 

Feeding Assisted 34/237 (14%) 0.078 

Unassisted 53/223 (24%) 

NG or G tube 2/8 (25%) 

History of C. difficile infection Yes 8/24 (33%) 0.067 

No 81/444 (18%) 

History of antibiotic use in past 2 months Yes 44/173 (25%) 0.007 

No 46/301 (15%) 

History of cephalosporin use in past 2 months Yes 21/66 (17%) 0.004 

No 69/408 (32%) 

History of fluoroquinolone use in past 2 months Yes 22/58 (38%) 0.000 

No 68/416 (16%) 

History of glycopeptide use in past 2 months Yes 2/2 (100%) 0.003 

No 88/472 (19%) 

History of sulfonamide use in past 2 months Yes 12/36 (33%) 0.022 

No 78/438 (18%) 

History of proton pump inhibitor use in past year Yes 39/151 (26%) 0.009 

No 51/323 (16%) 

Surgery in past year Yes 1/10 (10%) 0.462 

No 89/463 (19%) 

Leave of absence, medical in past year Yes 15/82 (18%) 0.860 

No 75/392 (19%) 

History of C. difficile in ward in past year Yes 13/65 (20%) 0.823 

No 77/409 (19%) 

Immunosuppressive therapy in past year Yes 9/56 (16%) 0.565 

No 80/415 (19%) 
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Table 2.2:  Univariable contingency analysis of risk factors associated with C. difficile colonization 

by Acute-Care Facility (ACF) residents (n=410) 

 

Variable  C. difficile P-value 

Gender Male 45/187 (24%) 0.471 

Female 47/223 (21%) 

Feeding Assisted 30/172 (17%) 0.001  

Unassisted 32/160 (20%) 

NG or G tube 30/77 (39%) 

Private Accommodation  Yes 31/168 (20%) 0.371 

No 58/242 (24%) 

Laxative use in last 2 weeks Yes 69/268 (26%) 0.203 

No 2/16 (13%) 

History of C. difficile infection Yes 10/26 (39%) 0.093 

No 66/287 (23%) 

History of antibiotic use in past two months Yes 49/154 (32%) 0.002 

No 15/99 (15%) 

History of cephalosporin use in past two 
months 

Yes 30/73 (41%) 0.000 

No 33/177 (19%) 

History of fluoroquinolone use in past two 
months 

Yes 17/43 (40%) 0.022 

No 46/207 (22%) 

History of penicillin use in past two months Yes 19/52 (37%) 0.04 

No 44/198 (22%) 

Immunosuppressive therapy in past year Yes 11/19 (58%) 0.001 

No 81/391 (21%) 

Any known history of Vancomycin Resistant 
Enterococci Colonization 

Yes 5/7 (71%) 0.002 

No 87/402 (22%) 

Proton pump inhibitor in past year Yes 40/148 (27%) 0.351 

No 23/105 (22%) 

Surgery in past year Yes 18/91 (20%) 0.486 

No 74/319 (23%) 
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Table 2.3: Univariable logistic regression analysis of variables associated with C. difficile in Long-

Term Care Facility and Acute-Care facility 

 

Variable Long-Term Care Facility Acute-Care Facility 

 OR 95% CI P-Value OR 95% CI P-Value 

Length of stay 1.00 1.00-1.00 0.35 1.00 1.00-1.00 0.003 

Age 0.98 0.96-1.01 0.154 1.01 0.99-1.03 0.553 

Sex 1.06 0.64-1.77 0.813 0.84 0.53-1.34 0.470 

Private accommodations 1 N/A N/A 0.81 0.50-1.30 0.374 

Ambulatory 0.46 0.04-5.17 0.532 1.49 0.55-4.00 0.430 

Feed tube use 1.45 0.29-7.33 0.650 2.78 1.63-4.75 0.000 

Continence 0.89 0.42-1.89 0.757 0.52 0.26-1.03 0.060 

History of loose bowel 
Movements (2 weeks) 

1.64 0.67-4.02 0.284 1.66 0.94-2.91 0.080 

History of laxative use (2 
weeks) 

3.68 0.86-15.68 0.079 2.43 0.54-10.95 0.249 

History of C. difficile infection 
(CDI) 

2.28 0.94-5.50 0.068 2.09 0.91-4.83 0.084 

History of antibiotic use in 
past 2 months 

1.94 1.22-3.09 0.005 2.61 1.37-4.98 0.004 

History of aminoglycosides 
use in past 2 months 

1 N/A N/A 1 N/A N/A 

History of beta-lactam use in 
past 2 months 

1 N/A N/A 1 N/A N/A 

History of cephalosporin use 
in past 2 months 

2.33 1.31-4.17 0.004 3.04 1.67-5.55 0.000 

History of fluoroquinolone 
use in past 2 months 

3.18 1.76-5.75 0.000 2.29 1.14-4.58 0.019 

History of glycopeptide use in 
past 2 months 

1 N/A N/A 0.89 0.24-3.32 0.856 

History of lincosamide use in 
past 2 months 

2.19 0.39-12.15 0.370 6.10 0.54-68.43 0.143 

History of macrolide use in 
past 2 months 

1.19 0.32-4.34 0.797 2.01 0.33-12.32 0.450 

History of nitrofurantoin use 
in past 2 months 

2.65 0.62-11.31 0.188 1 N/A N/A 

History of nitroimidazole use 
in past 2 months 

4.40 0.61-31.69 0.141 0.49 0.06-4.12 0.509 

History of penicillin use in 
past 2 months 

1.44 0.78-2.66 0.250 2.02 1.05-3.89 0.036 

History of rifampin use in past 
2 months 

1 N/A N/A 1 N/A N/A 
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History of sulfonamide use in 
past 2 months 

2.34 1.12-4.89 0.023 1.48 0.71-3.07 0.296 

History of tetracycline use in 
past 2 months 

1.08 0.12-9.80 0.944 1 N/A N/A 

History of anti-ulcer 
medications (2 weeks) 

0.35 0.05-2.75 0.321 2.58 0.76-8.77 0.130 

History of proton pump 
inhibitor use (2 weeks) 

1.90 1.19-3.05 0.008 1.32 0.73-2.38 0.354 

Prior surgical procedures 0.47 0.06-3.79 0.481 0.82 0.46-1.46 0.491 

Leave of absence, medical 0.96 0.52-1.78 0.902 1.24 0.62-2.48 0.540 

History of CDI on the ward 0.97 0.49-1.92 0.944 N/A N/A N/A 

History of intestinal cancer 1.48 0.67-3.28 0.329 0.86 0.28-2.63 0.789 

History of immunotherapy 0.81 0.38-1.73 0.594 5.26 2.05-13.51 0.001 

Prior infection prevention and 
control precautions 

0.93 0.42-2.07 0.857 0.81 0.95-3.47 0.072 

Any known history of 
Vancomycin Resistant 
Enterococci Colonization 

1 N/A N/A 9.05 1.73-47.56 0.009 

Long-term indwelling device 0.99 0.28-3.58 0.998 0.96 0.58-1.60 0.879 
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Chapter 3 

Characterization and comparison of the intestinal microbiota of elderly individuals  

Abstract  

Background 
 

The human gut microbiota is a complex community of microorganisms that plays an 

important role in gastrointestinal (GI) homeostasis, health, and disease. Microbial diversity 

within the healthy human population is affected by diet, environment, host genetics, and 

early exposure to microbes (Young and Theriot, 2015). The relationship between the gut 

microbiota and the development of Clostridium difficile infection (CDI) has been well-

established. Specific differences in the gastrointestinal microbiota may contribute to 

susceptibility to recurrence. There are no known studies that have investigated the gut 

microbiota composition by means of deep-sequencing 16S rRNA profiling, and compared 

differences in elderly hospitalized and long-term care patients with concurrent risk factors 

for CDI 

Aim 

To characterize the microbiotas of elderly individuals in an acute care facility (ACF) and 

long-term care facility (LTCF), and to compare differences in microbiota composition among: 

individuals exposed to PPIs and those not exposed to PPIs; individuals exposed to antibiotics 

and those not exposed to antibiotics; individuals at the ACF and LTCF; and individuals 

harbouring C. difficile versus individuals not harbouring C. difficile. 

Methods 

Stool swabs were collected from 884 elderly LTCF and ACF patients. Selective 
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culture, DNA extraction, and PCR gene amplification of the 16S rRNA gene were performed. 

Bioinformatic analysis was performed using Mothur following the MiSeq Standard 

Operating Procedure (SOP).  

 Findings 

PPI use did not have a significant effect on diversity (P=0.79) or evenness (P=0.69), but 

there was a significant decrease in richness (P=0.04) in individuals that were exposed to PPIs. 

There were no statistical differences observed in the relative abundances at the phylum, class, 

order, family, or genus level between groups. There was a significant difference in community 

membership by unifrac (P=0.01) but not in community structure by unifrac (P=0.59). AMOVA 

results similarly showed a significant difference in community membership (P=0.004), but not 

structure (P=0.27). LEfSe identified twenty-five differentially abundant operational taxonomic 

units (OTUs), with Operational Taxonomic Units (OTUs) from the phylum Firmicutes being most 

common in the non-PPI group (6/12 OTUs) and Proteobacteria predominating in the PPI group 

(10/13 OTUs).  

Antibiotic use did not have a significant effect on diversity (P=0.28), evenness (P=0.22), 

or richness (P=0.79). There were no statistical differences observed in the relative abundances 

at the phylum, class, order, family, or genus level between groups. There was no difference in 

community membership by unifrac (P=0.41) but a difference was identified using AMOVA 

(P=0.015). A significant difference in community structure was identified by both unifrac 

(P=0.02) and AMOVA (P=0.04). LEfSe identified forty-one differentially abundant OTUs, with 

OTUs from the phylum Firmicutes being most common in both the antibiotic use (14/16 OTUs) 

and no antibiotic use (21/25 OTUs) groups.  
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There was no difference in diversity (P=0.11) or evenness (P=0.17) between individuals 

in LTCF compared to individuals in ACF. However, richness was significantly higher (P<0.01) in 

individuals in ACF. Differences were observed at the phylum, class, order, family, and genus. A 

significantly different community membership (P<0.01) and structure (P<0.01) by unifrac was 

observed. Results of AMOVA analysis were similar, with a significant difference in community 

membership (P<0.01) and structure (P=0.04).  LEfSe identified seventy-one differentially 

abundant OTUs, with OTUs from the phylum Firmicutes (17/36 OTUs) and Proteobacteria 

(10/36 OTUs) being most common in the LTCF, while Firmicutes predominated the ACF (12/35 

OTUs).  

 There were no significant differences in diversity (P=0.14), evenness (P=0.08), or 

richness (P=0.21) among individuals shedding C. difficile compared to individuals who were not 

shedding C. difficile. Statistical differences were only observed at the family and genus levels. 

There were no significant differences observed in community membership by unifrac (P=0.48) 

or structure (P=0.75). Results of AMOVA analysis, however, indicate a significant difference in 

community membership (P=0.04), but not in structure (P=0.06). LEfSe identified 24 

differentially abundant OTUs, with OTUs from the phylum Firmicutes (8/14 OTUs) and 

Bacteroidetes (4/14 OTUs) being most common in the group that was not shedding C. difficile 

while bacteria from the Firmicutes predominated in the group that was shedding C. difficile. 

(5/6 OTUs).  

Conclusion 

The impact of several factors commonly associated with intestinal microbiota 

alterations was not as clearly evident in a cohort of elderly individuals. Overall, PPI use, 
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antibiotics, facility, and C. difficile colonization appeared to have no notable impact on the 

diversity or evenness of the microbiota. Richness was decreased only in individuals exposed to 

PPIs, while an increase was observed in individuals in the ACF. Few changes were seen at the 

various taxonomic levels, however genus was affected by both facility and C. difficile shedding.  

PPI use, antibiotic use, facility location, and C. difficile shedding were associated with 

alterations in the intestinal microbiota. Where PPI use and location appeared to have a greater 

impact on the composition and structure, antibiotic use and C. difficile shedding affected much 

more subtle alterations. The changes identified in this study group, such as an increase in 

Proteobacteria with PPI use, might better shape healthcare approaches in elderly, serving as 

indicators of health as well as aid in development of novel bacterial therapies.   

 
Key Words: Intestinal Microbiota, Clostridium difficile, C. difficile, Long-Term Care, 
Epidemiology, Colonization 
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Characterization and comparison of the intestinal microbiota of elderly individuals  

Gabriella Mallia, Jane Van Toen, Joyce Rousseau, Latha Jacob, Patrick Boerlin, Amy Greer, 
Devon Metcalf, J Scott Weese 

1.0 Introduction 

The human gut microbiota is a complex community of microorganisms established 

shortly after birth and plays an important role in gastrointestinal (GI) homeostasis, health, and 

disease. It constitutes approximately 70% of the human microbiome, with the highest numbers 

inhabiting the distal GI tract (Young and Theriot, 2015). Early studies have estimated at least 1 

800 genera and between 15 000 and 36 000 species of bacteria in the human gut (Young and 

Theriot, 2015). While the vast majority (90-99%) of species in the healthy human gut belong to 

the Firmicutes and Bacterioidetes phyla, Actinobacteria, Proteobacteria, Verrucomicrobia, 

Fusobacteria, and Cyanobacteria are also represented (Biagi et al., 2010a; Biagi et al., 2012; 

Shin et al., 2015; Young and Theriot, 2015). Though the structure of the gut microbiota varies 

between individuals, there is a high degree of conservation in the expressed function and 

metabolites. Microbial diversity within the healthy human population is affected by diet, 

environment, host genetics, and early exposure to microbes (Young and Theriot, 2015). 

The gut microbiota shapes the host immune response and participates in key metabolic 

transformations (Young and Theriot, 2015). Balance of the gut microbiota is affected by 

physiological changes of the GI tract. Major alterations in taxonomic composition of the gut 

microbiota (dysbiosis), are associated with gastrointestinal disorders, such as celiac disease and 

inflammatory bowel disease, colorectal cancers, allergies, as well as other systemic diseases 

such as obesity, diabetes, and rheumatoid arthritis (Bien et al., 2013; Johanesen et al., 2015; 

Riviere et al., 2016). Ageing, and other age-related events, such as modification in lifestyle and 
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diet, reduction and functionality of the immune system, and institutionalization, have been 

associated with a change in the composition and structure of the intestinal microbiota (Biagi et 

al., 2012a; Biagi et al., 2012; Miliani et al., 2016). In the GI tract, such a state of dysbiosis may 

reduce colonization resistance against enteric pathogens. Patients are thus susceptible to 

infection by opportunistic bacterial pathogens, leading to a spectrum of infectious diarrheal 

diseases known as antibiotic-associated diarrhea (AAD) (Johanesen et al. 2015; Young and 

Teriot, 2015).  

 Certain medications are known to disrupt the stability of the gut microbiota. 

Administration of antibiotics, particularly broad-spectrum antibiotics, is known to alter both the 

structure and function (Johanesen et al. 2015; Young and Teriot, 2015). Extended antibiotic 

treatment may complicate AAD by preventing the restoration of the protective gut microbiota, 

thus prolonging disease or facilitating relapse. Acid-reducing medications, such as proton pump 

inhibitors (PPIs), are also associated with ADD (Barletta et al, 2013; Freedberg et al., 2013; 

Johanesen et al., 2015; Kim et al., 2010; Seto et al., 2014, Young and Theriot, 2015). The 

mechanism by which this occurs is not established but it is likely due to reduced gastric acidity 

which allows bacteria to survive stomach transit, or a reduced immune cell function which 

allows pathogen survival (Johanesen et al., 2015).   

The most commonly diagnosed cause of AAD and healthcare-acquired (HA) infectious 

diarrhoea in adults is Clostridium difficile. An obligate anaerobe, spore-forming, opportunistic 

pathogen, C. difficile is primarily found in colonized or infected patients, or spore-contaminated 

environments (Poutanen and Simor, 2004; Seekatz et al., 2014). It is estimated that 5% of 

healthy adults, and as high as 20%  of adults in a hospital setting, carry C. difficile in their colons 
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(Kachrimanidou et al., 2011; Salyers et al., 2002; Seekatz et al., 2014). The intestinal tracts of 30 

to 70% of infants have also been shown to harbour C. difficile (Kachrimanidou et al., 2011; 

Salyers et al., 2002; Seekatz et al., 2014). C. difficile infection (CDI) is primarily a hospital-

acquired disease identified in elderly and immunocompromised patients. However, community-

associated CDI has emerged in the last decade, and infection in people previously thought to be 

low-risk, such as children and pregnant women, has increased (Johanesen et al., 2015).  

The intestinal microbiota may play a critical role in prevention of CDI; however, the 

mechanism by which it provides protection is unknown. Successful colonization of the gut by C. 

difficile has been associated with widespread usage of antibiotics, such as clindamycin, 

cephalosporin, and ampicillin, which alter the gut microbiota by inhibiting growth of the 

predominant protective colonic bacteria (Miliani et al., 2016; Poutanen and Simor, 2004). CDI 

can be effectively treated with vancomycin or metronidazole, however, as many as 10 to 20% 

of patients develop recurrent infection, and multiple relapses are not uncommon (Salyers et al., 

2002). Likely this is due to an inability to fully clear C. difficile and restore a stable, intestinal 

microbiota. 

The changes in the gut microbiota associated with the development of CDI have been 

well-established. Thus, specific differences in the gut microbiota may contribute to 

susceptibility to recurrence. With the availability of next generation sequencing and 

bioinformatics methods, the complexity and diversity of the intestinal bacterial population is 

only now being better understood.  It has been clearly established that the intestinal microbiota 

can be markedly disrupted in patients with recurrent CDI. However, cause versus effect is 

difficult to determine, and an evaluation of broad microbiota-associated risk factors is lacking. It 
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is also known that antimicrobial exposure and other factors can modify this protective 

population (Johanesen et al. 2015; Young and Teriot, 2015).  

The intestinal microbiota of elderly individuals has not been studied. It is likely that 

elderly individuals, particularly those in long-term care facilities (LTCFs), have microbiotas that 

are markedly different from healthy individuals in the community due to influential factors 

associated with ageing, including modifications in lifestyle and diet, degradation of the immune 

system, and mediations. It is possible that such differences affect susceptibility to infection or 

colonization by C. difficile (and other enteric pathogens). Focused study of the intestinal 

microbiota of LTCF residents, and how it is related to CDI and C. difficile colonization, is required 

to help understand the pathophysiology of CDI. Such study would also provide important 

information for potential approaches at prevention or treatment of CDI through intestinal 

microbiota manipulation.   

There are no known studies that have investigated the gut microbiota composition by 

means of deep-sequencing 16S rRNA profiling and compared differences in elderly hospitalized 

and long-term care patients with concurrent risk factors for CDI. Specific microbiota alterations 

associated with antibiotic use, PPI use, location, and C. difficile carriage in this population have 

not been characterized. 

The objectives of this study were to characterize the microbiotas of elderly individuals in 

an acute care facility (ACF) and LTCF, and to compare differences in microbiota composition 

among: individuals exposed to PPIs and those not exposed to PPIs; individuals exposed to 

antibiotics and those not exposed to antibiotics; individuals resident at the ACF or LTCF; and 

individuals harbouring C. difficile versus individuals not harbouring C. difficile. 
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2.0 Methods 

2.1 Setting 

One health care facility, located in southern Ontario, Canada, participated in this study. 

The entire facility is geared towards geriatric care and consists of three distinct care facilities: a 

retirement residence that accommodates 190 residents; a 472 bed LTCF with six floors 

designated based on type of care required; and a 262 bed ACF mostly for complex continuing 

care patients. Patient samples were collected from both the ACF and the LTCF from August 1st, 

2014 to March 1st, 2015. During the study period, none of the three locations reported a C. 

difficile outbreak. This study was approved by the research ethics boards of the University of 

Guelph (REB#14MR022) and the participating health-care facility. 

2.2 Sampling  

Samples were collected in a cross-sectional manner from all LTCF residents and elderly 

ACF patients (65 and older), including all new admissions from the community, the associated 

ACF, and other ACFs, over the course of the study. Dry, sterile swabs (Copan Eswabs™, Copan 

Diagnostics Inc., USA) were used for specimen collection. Stool swabs were collected during 

regular toileting or pericare by the facility’s nurses. The swabs were immersed in 1 mL of Liquid 

Amies and FLOQSwab™ and stored at 4 degrees Celsius until processing. Only one isolate per 

patient was collected. 

For each patient sampled, risk factor data were collected by the facility’s staff through 

retrospective chart review. All samples and risk factor data were de-identified by the facility’s 

staff. The data collected are listed in Table 1. Only one sample per patient was collected, with 

the exception of four patients from the ACF who were transferred from the LTCF during the 
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study period. Their samples were collected at the initial sampling time in the LTCF, and upon 

admission to the ACF. These were tested and processed twice. Duplicate information was 

maintained in the data for these patients. Four samples from the ACF pertained to patients who 

had been transferred from the LTCF, where they had already been sampled.   

2.3 Processing 

Selective culture for C. difficile was performed. Stool swabs were immersed in 10 ml of 

Tryptone Soy Agar (TSA) broth and incubated anaerobically at 37°C for 5 to 7 days. A 2 ml 

aliquot of broth was alcohol shocked by addition of an equal volume of anhydrous alcohol. 

Following a one-hour incubation period at room temperature, the samples were centrifuged at 

4,000 rpm for 10 min. The resulting pellet was plated onto C. difficile moxalactam-norfloxacin 

(CDMN) agar (Oxoid, Nepean, Ontario, Canada) and incubated anaerobically for 24 to 96 hours 

at 37°C. Suspected C. difficile colonies were further sub-cultured onto blood agar (Oxoid, 

Nepean, Ontario, Canada) and identified based on characteristic colony morphology, odour, 

and production of L-proline-aminopeptidase (Prodisk, Remel, Lenexa, Kansas, USA).  

2.4 DNA Extraction, 16S rRNA gene PCR and Sequencing 

88 C. difficile positive and C. difficile negative samples were selected randomly and 

matched on the following variables of interest: exposure to PPIs (n=11) and no exposure to PPIs 

(n=11) within the 2 weeks prior to sampling, exposure to antibiotics (n=32) and no exposure to 

antibiotics (n=32) within the 2 months prior to sampling, ACF (n=35) and LTCF (n=36) locations, 

and C. difficile shedding (n=14) and no C. difficile shedding (n=6).  
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DNA extraction was performed using a commercial kit (E.Z.N.A. Stool DNA Kit, Omega, 

Bio-Tek Inc., USA) following the manufacturer’s “stool DNA protocol for pathogen detection”. 

The V4 region of the 16S rRNA gene was amplified by PCR method based on Klindworth et al. 

study using the primers forward S-D-Bact-0564-a-S-15 (5′-AYTGGGYDTAAAGNG-3′) and reverse 

S-D-Bact-0785-bA-18 (5′-TACNVGGGTATCTAATCC-3′) (Klindworth et al., 2013). In order to 

anneal to primers containing the Illumina adaptors and the 8 bp identifiers indices 

(AATGATACGGCGACCACCGAGATCTACAC-index-TCGTCGGCAGCGTC forward and 

CAAGCAGAAGACGGCATACGAGAT-index-GTCTCGTGGGCTCGG reverse), the forward and 

reverse primers were designed to contain an overlapping region of the forward and reverse 

Illumina sequencing primers (TCGTCGGCAGCGTCAGATGTGT ATAAGAGACAG and 

GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAG, respectively). The final solution was 50 μL, 

containing 2 μL of each DNA sample, 18.7 μL of water, 25 μL of Fast HotStart ReadyMix 2X 

(KapaBiosystems, USA), 1.3 μL of BSA (Invitrogen, USA), and 0.5 μL of each 16S primer and 1 μL 

of each Illumina primers (100 pmol/μL). The DNA containing mixture underwent the following 

PCR conditions: 5 min at 94°C for denaturing, and 25 cycles of 30 sec at 94°C for denaturing, 30 

sec at 46°C for annealing and 30 sec at 72°C for elongation followed by a final period of 7 min at 

72°C and kept at 4°C until purification. PCR products were evaluated by electrophoresis in 2% 

agarose gel and purified with the Agencourt AMPure XP (Beckman Coulter Inc, Mississauga, ON) 

by mixing 22 μL of amplicon with 72 μL of AMPure on a 96 well plate. After 5 min at room 

temperature, beads were separated and washed twice with 80% ethanol and eluted in 30 μL of 

water. After purification samples were quantified by spectrophotometry using the NanoDrop® 

(Roche, USA) and normalized to a final concentration of 2 nM. The library pool was sequenced 
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with an Illumina MiSeq for 250 cycles from each end at the University of Guelph Genomics 

Facility. 

2.5 Sequence Analysis and Statistical Analysis 

Bioinformatic analysis was performed using the Mothur (version 1.39.5) package of 

algorithms (Schloss et al., 2009) following the MiSeq Standard Operating Procedure (SOP). 

Analysis was performed separately for samples matched on PPI exposure, antibiotics exposure, 

ACF and LTCF locations, and C. difficile shedding.  

The originally output fastq files were assembled into contigs. Sequences that were 

longer than 275 bp in length, contained any ambiguous base pairs or had runs of 

homopolymers greater than 8 bp were removed. Sequences were then aligned using the SILVA 

16S rRNA reference database (Quast et al., 2013) and those that did not align with the V4 

region were removed. Chimeras were identified using uchime (Edgar et al., 2011) and removed. 

Sequences were then assigned into operational taxonomic units (OTUs) in using the nearest 

neighbour approach using a cutoff of 0.03 for the distance matrix. Taxonomic classification was 

obtained from the Ribosomal Database Project (RDP – March 2012) (Cole et al., 2014).  

To decrease bias caused by non-uniform sequence depth and some low sequence 

number samples, a subsample from the main dataset was used for richness and diversity 

calculation. The minimum number of reads that would not compromise coverage and would 

eliminate the fewest samples as possible from the analysis was used (6799 reads per sample). 

Samples with sequences below that threshold were omitted. To ensure representative sub-

samples, Good’s coverage was calculated.  
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Alpha diversity measures (richness, evenness, and diversity) were compared for each 

group. Species richness (the number of different species present (Zhang et al, 2012)) was 

assessed through the Chao1 index. Species evenness (the similarity in species relative 

abundance in a community (Zhang et al, 2012)) was assessed though the Shannon Evenness 

Index. Diversity (takes into account species richness and evenness, but does not consider 

differnces in species relative abundance (Zhang et al, 2012)) was assessed through the inverse 

Simpson diversity index. Comparison among groups was performed using the Wilcoxon test for 

non-parametric data.  

Beta diversity measures (community membership and community structure) were 

assessed. The dissimilarity between groups was measured by a phylip-formatted distance 

matrix using the Yue & Clayton measure of dissimilarity (considering the relative abundance of 

OTUs present in each group: community structure) and the classical Jaccard index (taking into 

account the number of shared OTUs between the groups: community membership). 

Dendrograms comparing the similarity of the bacterial profiles among all samples were 

generated using the Jaccard index and Yue & Clayton measures and figures were generated 

using FigTree (version 1.4.3).  

Clustering of samples was evaluated by plotting the resultant vector of the Principal 

Coordinate Analysis (PCoA) with 2 dimensions.   

Significance of clustering between groups was determined by Analysis of molecular 

variance (AMOVA). Homogeneity of molecular variance (HOMOVA) was used to determine 

significance of genetic diversity between the groups. Linear Discriminant Analysis (LDA) with 
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Linear Effect Size (LEfSe) was performed. Kruskal-Wallis and pairwise Wilcoxon tests were used 

to assess significance and LDA were graphed to visualize the data.  

Statistical analyses were performed using JMP®, Version 13.0.0 (SAS Institute Inc., Cary 

NC, 1989-2007) and Past 3.15 (Hammer et al., 2001). Wilcoxon/Kruskal–Wallis tests were used 

to compare the relative abundances of the twenty most abundant microbial taxa in each group. 

Benjamini Hochberg false discovery rate adjustments were performed on all P-values from the 

relative abundance comparisons.  

3.0 Results  

3.1 Descriptive Statistics 

Eight-hundred and eighty-four patient samples were collected, 474 from the LTCF and 

410 from the ACF. There were no outbreaks of C. difficile in either facility during the course of 

this study. Only one patient was diagnosed with CDI during the study period. Twenty-one 

percent (181/884; 95%CI 18-23%) of samples tested positive for the presence of C. difficile, 

18.8% (89/474; 95%CI 15-23%) in the LTCF and 22.4% (92/410; 95%CI 19-27%) in the ACF. The 

odds of C. difficile carriage were not significantly different in the LTCF than the ACF (OR=0.80; 

95%CI 58-100%, P=0.206). The risk factor data collected with each patient sample are 

presented in Table 1.  

The majority of patients were female with an average length of stay of 1253 days in the 

LTCF and 182 days in the ACF. The average age was 87 in the LTCF compared to 80 in the ACF 

(Table 1). Prior lifetime history of CDI was low in patients from both facilities (5.1% in the LTCF 

and 6.4% in the ACF). History of antibiotic use within the past two months was similar in both 
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facilities (37% in the LTCF and 38% in the ACF), while there was a greater use of PPIs in the two 

weeks prior to sample collection in the ACF (36%) than in the LTCF (32%) (Table 1).  

One-hundred and eighty-one isolates were obtained, 89 from LTCF residents and 92 

from ACF residents. Overall, 92% of isolates were toxigenic (Table 2). The differences in toxin 

gene patterns between isolates from the LTCF and the ACF were significant (P=0.031). Thirty-

eight ribotypes were identified overall, with 25 different ribotypes identified in each of ACF and 

LTCF residents. Only 45 of the ribotypes were common to both facilities. A small number of 

ribotypes predominated in each group (Table 3). Ribotypes 027 (A+B+CDT+) (30/89, 34.5%) and 

020 (A+B+CDT-) (9/89, 10.4%) were most frequently identified in the LTCF, while ribotypes AI-

82/1 (A+B+CDT-) (19/92, 20.7%) and an internally designate ribotype (O) (A+B+CDT-) (13/92, 

14.1%) were most frequently identified in the ACF. Data pertaining to the characterization of C. 

difficile isolates are presented in Table 3.  

3.2 Microbiota Characterization  

A total of 81 samples were characterized. Twenty-two samples were selected to 

compare the effects of exposure to PPI to no exposure to PPIs, and 64 samples were used to 

separately assess the effects antibiotics, location, and C. difficile shedding on the fecal 

microbiota. There was some overlap between sample groups.  

3.2.1 PPI Use 

A total of 1,685,624 reads from 22 samples (11 PPI use, 11 no PPI use) passed all quality 

filters and were assigned into OTUs. The median number of sequences was 79997, ranging from 

6766 to 103122. A subsample of 6766 sequences from each group were taken.  
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There were no significant differences in diversity (P=0.79) or evenness (P=0.69); 

however, there was a significant decrease in richness (P=0.04) in individuals exposed to PPIs 

(Table 4).  

Thirty-two different phyla were identified, but only five accounted for more than 1% of 

sequences. There were no statistical differences observed in the relative abundances at the 

phylum, class, order, family, or genus level between groups (Supplemental Tables 1-5) 

(Supplemental Figures 1-5). Yet, there were differences in beta diversity, with a significantly 

different community membership by unifrac (P=0.01) (Figure 1). Consistent with the differences 

in richness, this was likely the result of gain or loss of rare taxa, since there were no differences 

in community structure (P=0.59) (Figure 2). Results of AMOVA analysis were similar, with a 

significant difference in community membership (P=0.004), but not structure (P=0.27). 

HOMOVA analysis did not show a significant difference in either community membership or 

structure.  

LEfSe identified twenty-five differentially abundant OTUs (Figure 3), with OTUs from the 

phylum Firmicutes being most common in the non-PPI group (6/12 OTUs) and Proteobacteria 

predominating in the PPI group (10/13 OTUs).  

3.2.2 Antibiotic Use 

A total of 5, 266, 543 reads from 64 samples (32 antibiotic use, 32 no antibiotic use) 

passed all quality filters. The median number of sequences was 83868, ranging from 28057 to 

144477.   
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 There were no differences in diversity (P=0.28), evenness (P=0.22), or richness (P=0.79) 

among individuals exposed to antibiotics in the two months prior to sampling compared to 

individuals that had not been exposed to antibiotics during that period (Table 5).  

In the antibiotic use group, 14/32 were also exposed to PPIs, while 8/32 were exposed 

to PPIs in the no antibiotic use group, but these differences were not significant (Pearson chi 

square P=0.20). 

There were no statistical differences in the relative abundances at the phylum, class, 

order, family, or genus level between groups (Supplemental Tables 7-11) (Supplemental Figures 

6-10). There was also no difference in community membership by unifrac (P=0.41) (Figure 4) 

but a difference was identified using AMOVA (P=0.02). However, a significant difference in 

community structure was identified by both unifrac (P=0.02) and AMOVA (P=0.04) (Figure 5). 

HOMOVA analysis did not show a significant difference in either community membership or 

structure. 

LEfSe identified forty-one differentially abundant OTUs (Figure 6), with OTUs from the 

phylum Firmicutes being most common in both the antibiotic use (14/16 OTUs) and no 

antibiotic use (21/25 OTUs) groups.  

3.2.3 Facility 

A total of 5, 266, 543 reads from 71 samples (36 from LTCF, 35 from ACF) passed all 

quality filters. The median number of sequences was 83868, ranging from 28057 to 144477.   

In the LTCF group, 0/36 were also exposed to PPIs, while 22/35 were exposed to PPIs in the ACF 

group, but these differences were not significant (Pearson chi square P<0.16). 
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There were no significant differences in diversity (P<0.11) or evenness (P<0.17) between 

individuals in LTCF compared to individuals in ACF. However, richness was significantly higher 

(P<0.01) in individuals in ACF (Table 6).  

Sequences were classified into fourty different phyla, of which, only five accounted for 

more than 1% of sequences. Most bacteria found in both the LTCF and the ACF group were 

assigned to the Firmicutes, Proteobacteria and Actinobacteria phylum. At the genus level, 

Escherichia/Shigella predominated in the LTCF group, while Bifidobacterium predominated the 

ACF group. Bifidobacterium was the second most represented genus in the LTCF group, while 

Escherichia/Shigella was the second most represented genus in the ACF group.  

Differences were observed at the phylum, class, order, family, and genus (Supplemental 

Tables 13-17) (Supplemental Figures 11-15). At the phyla level, the differences were among the 

less relatively abundant phyla (Supplemental Table 13). Significantly lower relative abundances 

of Deinococcus-Thermus (Q<0.02), Spirochaetes (Q<0.01) and Chloroflexi (Q<0.01), were seen 

in the ACF group when compared to the LTCF group, while the relative abundance of 

Chlamydiae (Q<0.01), Acidobacteria (Q<0.01), Cyanobacteria/Chloroplast (Q<0.01), 

Planctomycetes (Q<0.01), Marinimicrobia (Q<0.01), and Parcubacteria (Q<0.01) was higher. 

At the class level (Supplemental F 14) Bacilli (P<0.01), Betaproteobacteria (P<0.01), 

Alphaproteobacteria (P<0.01), Deinococci (P<0.03), Spirochaetia (P=0.01), Flavobacteriia 

(P<0.01), Clamydiia (P<0.01), Planctomycetia (P<0.01), Marinimicrobia (unclassified) (P<0.01) 

were higher in the ACF, while Verrucomicrobiae (P<0.01) and an unclassified Firmicutes 

(P<0.01) were higher in the LTCF.  
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At the order level (Supplemental Table 15), higher relative abundances were noted in 

the LTCF in Verrucomicrobiales (P<0.01) and Firmicutes (unclassified) (P<0.01), while 

Lactobacillales (P<0.01), Burkholderiales (P<0.02), Pseudomonadales (P<0.01), Bacillales 

(P<0.01), Actinomycetales (P<0.01), an unclassified Clostridia (P<0.02), Xanthomonadales 

(P<0.01), Caulobacterales (P<0.01), Rhodobacterales (P<0.01), Alteromonadales (P<0.01), 

Rhizobiales (P<0.01), and Flavobacteriales (P<0.01) were higher in the ACF.  

At the family level (Supplemental Table 16), Ruminococcaceae (P=0.05), 

Verrucomicrobiaceae (P<0.01), an unclassified Clostridiales (P=0.01), an unclassified Firmicutes 

(unclassified) (P<0.01), Rikenellaceae (P=0.04) were higher in the LTCF, while Streptococcaceae 

(P<0.01), Enterococcaceae (P<0.01), Planococcaceae (P<0.01), Lactobacillaceae (P<0.01), 

Moraxellaceae (P<0.01), Comamondaceae (P<0.01), Caulobacteraceae (P<0.01), 

Pseudomonadaceae (P<0.01), and Xanthomonadaceae (P<0.01) were higher in the ACF.  

At the genus level (Supplemental Table 17), there was a reduction in Akkermansia 

(P<0.01), an unclassified Clostridiales genus (P<0.014), Clostridium cluster IV (P<0.01), 

Ruminococcus (P<0.03) and an unclassified Firmicutes genus (P=<0.014) in the ACF group than 

in the LTCF group. Enterococcus (P<0.01), Viridibacillus (P<0.01), and Lactobacillus (P<0.01) 

were increased in ACF group.  

There were differences in beta diversity, with a significantly different community 

membership (P<0.01) (Figure 7) and structure (P<0.01) by unifrac (Figure 8). Results of AMOVA 

analysis were similar, with a significant difference in community membership (P<0.01) and 

structure (P<0.04).  HOMOVA analysis did not show a significant difference in either community 

membership or structure. 
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LEfSe identified seventy-one differentially abundant OTUs (Figure 9), with OTUs from 

the phylum Firmicutes (17/36 OTUs) and Proteobacteria (10/36 OTUs) being most common in 

the LTCF, while Firmicutes predominated the ACF (12/35 OTUs).  

3.2.4 C. difficile Shedding  

A total of 5, 266, 543 reads from 64 samples (14 shedding C. difficile shedding, 50 not 

shedding C. difficile) passed all quality filters. The median number of sequences was 83868, 

ranging from 28057 to 144477.   

In the group positive for C. difficile shedding, 8/14 were also exposed to PPIs, while 

14/50 were exposed to PPIs in the group not shedding C. difficile, but these differences were 

not significant (Pearson chi square P<0.16). 

There were no significant differences in diversity (P<0.14), evenness (P<0.08), or 

richness (P<0.21) among individuals shedding C. difficile compared to individuals who were not 

shedding C. difficile (Table 7).  

Sequences were classified into fourty different phyla, of which, only four accounted for 

more than 1% of sequences. There were no statistical differences observed in the relative 

abundances at the phylum or class level between the C. difficile positive and C. difficile negative 

groups.  

Most bacteria found in both the C. difficile positive group were assigned to the 

Firmicutes, Proteobacteria and Actinobacteria phylum. In the C. difficile negative group, 

Firmicutes, Proteobacteria, and Bacteroidetes predominated. Escherichia/Shigella, and an 

unclassified Enterobacteriaceae from the Gammaproteobacteria class of the Proteobacteria 

phylum predominated the C. difficile positive group. An unclassified Lachnospiraceae genus 
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from the Clostridia class of the Firmicutes phylum, followed by Escherichia/Shigella, 

predominated the C. difficile negative group.  

There were no statistical differences observed in the relative abundances at the phylum, 

class, or order level between groups (Supplemental Tables 19-23) (Supplemental Figures 16-20). 

At the family level, there was a significant increase of Enterococcaceae (P<0.01) among those 

shedding C. difficile compared to those not shedding C. difficile (Supplemental Table 22). At the 

genus level, there was a significant increase of Roseburia (P<0.01) among those not shedding C. 

difficile compared to those shedding C. difficile (Supplemental Table 23). 

There were no significant differences observed, by unifrac, in community membership 

by unifrac (P<0.48) (Figure 10) or structure (P<0.75) (Figure 11). Results of AMOVA analysis, 

however, indicate a significant difference in community membership (P=0.04), but not in 

structure (P<0.06). HOMOVA analysis did not show a significant difference in either community 

membership or structure. 

LEfSe identified twenty differentially abundant OTUs (Figure 12), with OTUs from the 

phylum Firmicutes (8/14 OTUs) and Bacteroidetes (4/14 OTUs) being most common in the 

group that was not shedding C. difficile while bacteria from the Firmicutes predominated in the 

group that was shedding C. difficile (5/6 OTUs).  

4.0 Discussion 

In a population of elderly ACF patients and LTCF residents, we observed the effects of 

PPI use, antibiotic use, facility, and C. difficile colonization on the intestinal microbiota. While 

alpha diversity values (richness, evenness, and diversity) did not, for the most part, appear to 
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be significantly affected by these factors, alterations were observed in most beta diversity 

indices.   

4.1 Proton Pump Inhibitor Use 

PPI use has been associated with an increased risk of CDI, and in a related study, (Mallia 

et al., 2018) PPI exposure was associated with increased risk of C. difficile colonization in this 

study population. The mechanism of this risk is not known; however, alterations in the 

gastrointestinal microbiota are a leading consideration. Several studies have found an 

epidemiological association between the use of PPIs and reduced OTU diversity, as well as the 

development of CDI (Barletta et al, 2013; Freedberg et al., 2013; Kim et al., 2010; Seto et al., 

2014, Young and Theriot, 2015). Though the reasons for this association are not known, it may 

be a result of reduced gastric acidity, which allows bacteria to survive stomach transit, or result 

in immune cell function allowing pathogen survival (Johanesen et al., 2015). A study by Seto et 

al. showed direct changes to community structure and species diversity during PPI treatment, 

and proposed several mechanisms by which PPIs increase the risk of CDI. PPI use might not only 

eliminate nutrient competitors to C. difficile, but also may affect gene expression across 

metabolic pathways in favour of C. difficile growth (Seto et al., 2014). In this study PPI exposure 

was associated with changes in both alpha (richness) and beta diversity. These differences may 

be due to the time frame in which sampling occurred. 

No significant differences in relatively abundances were identified, but LEfSe analysis 

identified various enriched taxa. Of interest was the predominance of OTUs belonging to the 

Proteobacteria phyla that were enriched in the PPI group. Increases in members of this in the 

tend to reflect an unstable or altered structure of the gut microbial community often observed 
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in diseased states such as metabolic disorders and intestinal inflammation (Biagi et al., 2012; 

Shin et al., 2015). Some of the taxa that were enriched in the non-PPI group (e.g. 

Lachnospiraceae, Faecalibacterium, Eubacterium, Butyricicoccus) are genera that are getting 

increasing attention as beneficial, being over-represented in healthy individuals and targets for 

replacement therapy (Khoruts et al., 2010; Schenck et al., 2015; Sofi et al., 2013) 

These results are consistent with some degree of dysbiosis associated with PPI 

exposure, something that would be consistent with the increased risk of C. difficile colonization 

and infection that has been previously noted.  

4.2 Antibiotic Use 

The effect of antibiotic use on the microbiota is complex, varying not only with activity 

spectrum, combination, and duration of use, but on the taxa affected as well. Such a variability 

highlights the need for further investigation of the impact of specific classes of antibiotics on 

key microbial taxa.  

While alpha diversity values (evenness, richness, and diversity) did not appear to be 

significantly affected by antibiotic use, alterations were observed in community structure.  

Bacteria from the Clostridium XIVa cluster, known acetate- and/or lactate-converting 

butyrate producers, appeared to be significantly increased in individuals exposed to antibiotics 

within the two months prior to sampling. There was also significant increase in OTUs belonging 

to Firmicutes phylum, and most commonly in Clostridium cluster XIVa and Blautia. In individuals 

not exposed to antibiotics in the two months prior to sampling, there was a significantly higher 

relative number of OTUs belonging to Firmicutes, as well as significantly more OTUs belonging 

to Actinobacteria, Proteobacteria, and Bacteroidetes when compared to individuals exposed to 
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antibiotics. These findings were consistent with a previous study linking broad-spectrum 

antibiotics with disruption of the intestinal microbiota (Young and Theriot, 2015). There is, 

however, contradictory evidence supporting the specific changes to the microbiota after 

antibiotic exposure. Where some studies identify antibiotic treatment leading to an increase in 

Bacteroidetes and Enterobacteriaceae groups, others identify reduced levels of Bacteroidetes 

as markers for development of CDI (Bien et al., 2013). In animals, antibiotic-treatment has been 

shown to cause a shift in gut microbial community structure, with an increase in Proteobacteria 

and a decrease in the Bacteroidetes and Firmicutes population (Young and Theriot, 2015). 

Alistipes has recently been proposed to serve as a biomarker of CDI, supported by mouse 

model studies that associated an underrepresentation of Alistipes in gut microbiota with an 

increased susceptibility of CDI (Miliani et al., 2016).  

The antibiotics classes most commonly associated with a reduction of beneficial gut 

microbes, which were among the most commonly prescribed in this study, have a broader 

spectrum of antimicrobial activity, and include clindamycin, cephalosporins, broad-spectrum 

penicillins, ampicillin/amoxicillin, and fluoroquinolones (Johanesen et al., 2015; Young and 

Theriot, 2015). In this study, specific data on antibiotic use was collected up to and including 

the two months prior to sampling. While antibiotic use has been associated with long-term 

changes in the microbiota (Young and Theriot, 2015), there are several studies that have shown 

a restoration of many key taxa in as little as two weeks after antibiotic use has ended 

(Johanesen et al., 2015, Miliani et al., 2016). Thus, it is possible that within this time frame, the 

intestinal microbiota of those exposed to antibiotics was restored to pre-antibiotic levels, or at 

least close enough that a difference was not detected with this heterogeneous study 
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population. While changes in the microbiota have been identified months, if not longer, after 

antimicrobial administration (Langdon et al., 2016; Theriot and Young, 2015), there can be a 

relatively rapid return to a near-normal state (Theriot and Young, 2015). This has not been 

previously assessed in elderly individuals and the data from this study suggest that profound 

long-term changes are also uncommon in older individuals.  

4.3 Facility 

The intestinal microbiota of individuals, including community membership and 

structure, clustered significantly based on location. A greater variability in key microbial taxa 

was seen between LTCF and ACF populations than any other comparison in this study. Though 

human studies have not been conducted comparing the differences in microbiota between 

locations, this phenomenon has been shown in livestock, where microbiotas were more closely 

related based on farm (Weese and Jelinski, 2017).  

It is interesting to note richness was significantly higher in the ACF, especially when 

considering that institutionalization is associated with reduced microbial diversity resulting in 

an increased susceptibility to opportunistic infections (Miliani et al., 2016). It is possible that 

individuals in ACFs have more environmental exposures. Reduced resistance to colonization 

may also contribute to a higher likelihood of non-commensal flora remaining in the intestinal 

tract after exposure.  

Given the population under study and several concurrent risk factors, including 

antibiotic use, PPI use, age, and prolonged institutionalization, it was not surprising to see a 

significantly higher representation of Proteobacteria, compared to other bacteria, in both the 

LTCF and ACF populations. Conversely, where Firmicutes predominated in the LTCF group, there 
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was a much greater variability in the bacterial taxa represented in the ACF group, though most 

taxa represented fell under Firmicutes and Bacteroidetes. A higher relative abundance of 

several commensal gut microbes, including Akkermansia, Ruminococcus, Clostridium cluster IV, 

and Alistipes were seen in the LTCF population. Although Ruminococcus and Akkermansia are 

commensal gut microbes and typically abundant in a healthy microbiota, a recent study by 

Miliani et al. postulated that increased relative abundance in ACF populations could reflect 

enteric mucosa inflammation with increased mucus production (Miliani et al., 2016). In the ACF 

population, there was a higher relative abundance of Enterococcus, Viridibacillus, and 

Lactobacillus. The reduction in short-chain fatty acid-producing bacteria, such as Ruminococcus, 

mirrors results from a study by Claesson et al. which identified lower gene counts and coverage 

for butyrate- and acetate-producing enzymes in long-stay individuals when compared to 

community or rehabilitation individuals (Claesson et al., 2012). 

The varied intestinal microbiota of populations at separate locations may be due to 

several factors. A variety of treatments may influence the composition of the microbiota, such 

as antibiotic use, PPI use, immunosuppressive therapy, and anti-ulcer medications. Health care 

locations may favour certain treatments over others. Where ACFs are generally acute 

treatments, LTCF populations may be subject to more long-term exposures. Additionally, the 

effect of diet on the human gut was not considered. Meals provided in an ACF setting may be 

drastically different than those provided in the LTCF setting. Alterations in diet, such as the 

absence of fibre, have several effects on the gut: it disturbs the microbiota balance, deprives 

colonic epithelium of its chief energy sources, colonic fermentation is suppressed, and may lead 
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to decline in beneficial bacteria creating a niche for C. difficile expansion colonization (Bien et 

al., 2013). Further study is needed to assess the impact of diet in these populations. 

4.4 C. difficile Shedding 

The gut microbiota undeniably plays a key role in the pathophysiology of CDI. However, 

its role in asymptomatic C. difficile carriage is poorly understood.  In this study, significant 

differences were not observed in alpha diversity values, however community membership 

appeared to be significantly altered.  

This study identified an increase in the relative abundance of Roseburia sp. 

(Lachnospiraceae family, Clostridia order, Firmicutes Phylum) in the C. difficile negative group 

while an increase in the relative abundance of Enterococcus was observed in the C. difficile 

positive group. This is not consistent with any study to date, but it is not unreasonable to 

suspect the microbiota in asymptomatic individuals would differ from the microbiota of 

individuals with CDI. It is interesting is to see a greater relative abundance of Roseburia in 

elderly individuals not shedding C. difficile. Roseburia sp., as well as several bacteria from the 

Firmicutes phylum, such as Blautia, Eubacterium, and Ruminococcus, are involved in the 

production of butyrate, a major energy source for enterocytes which has also been 

characterized to have anti-inflammatory properties (Biagi et al., 2010; Bien et al., 2012). Yet, in 

a study by Biagi et al. (2010) characterizing the microbiotas of elderly and centenarian 

individuals, a reduction in several butyrate producers was observed, including Roseburia. In 

another study conducted by Miliani et al. (2014) investigating the gut microbiota composition in 

elderly individuals with both CDI and antibiotic exposure the authors identified 14 bacterial 

taxa, whose reduction in the mean relative abundance was associated with the presence of CDI. 
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Among these taxa, Enterococcus were over-represented and hypothesized to represent an early 

event in the physio-pathological cascade leading to loss of C. difficile colonization resistance 

(Miliani et al., 2014). This study did not compare age. Thus, the greater relative abundance of 

Roseburia in this population were reflective of this population, and any observed increase 

among those not colonized with C. difficile was only relative to those that were. 

In vivo studies show that certain intestinal Lactobacillus species appear to inhibit C. 

difficile proliferation due to H2O2 and lactic acid production (Naber et al., 2004). Antimicrobial 

resistant and high toxin producing strains of C. difficile have also been shown to be sensitive to 

Lactobacillus (Naber et al., 2004). Though it might have been expected to see an increase in the 

representation and/or relative abundance of Lactobacillus species in our study population, this 

was not observed. The question remains as to why toxigenic strains are not causing 

symptomatic disease. Given the nature of sampling (fecal and/or rectal swabs), it is possible 

that the C. difficile detected was passing through transiently rather than colonizing the 

intestine. Further study is required to identify colonization rates, though this would involve 

more invasive sampling procedures.   

The increase in representation of Proteobacteria and Bacteroidetes phyla in the C. 

difficile negative group was surprising, given the link between Proteobacteria and dysbiosis. It 

was not surprising to find individuals who were shedding C. difficile had a significantly higher 

representation of Firmicutes. The presence of a Firmicutes species such as Ruminococcus 

gnavusn and Clostridium nexile in significant quantities has been associated with C. difficile 

colonization of the epithelial cells (Bien et al., 2013). Where identification of key microbial taxa 

that may be critical for protection against CDI is important, it may be equally important to 
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identify key microbial taxa in conjunction with C. difficile shedding or carriage that confers 

protection.  

5.0 Limitations  

Some limitations should be considered when interpreting the results of this study. The 

cross-sectional prospective study design leaves the question of whether alterations in the gut 

microbiota should be considered a cause or a consequence of PPI and/or antibiotic use. Use of 

a complex patient population with varying drug and facility exposures also complicates 

independent assessment of the roles of separate influences such as PPIs and antibiotics, and it 

is plausible there are interactions between PPIs, antibiotics and other variables that could 

confound the analysis. Caution should be taken when extrapolating these results as the study 

was conducted at a single ACF and LTCF in Southern Ontario. Replication at other locations is 

needed to further investigate the effects of antibiotics, PPIs, C. difficile shedding, and location 

on the microbiota of elderly patients and residents. Samples were also collected by several 

health care providers across the two facilities. The method of sampling is known to have varied 

between patients depending on their cognitive status and could have introduced unintentional 

bias. It is unknown which of the samples collected were in fact rectal or stool swabs, and how 

this might impact detection of C. difficile. Variations in sampling may bias the overall prevalence 

of C. difficile carriage in these environments. Further study is warranted to assess the effects of 

concurrent medications, different classes of antibiotics, duration of use, and additional 

comorbidities on the microbiota of elderly patients and residents. Additionally, the impact of 

diet was not considered in this study, and thus its effect on the microbiota in conjunction or 

opposition to the factors studied cannot be assessed.  
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6.0 Conclusions 

The impact of several factors commonly associated with intestinal microbiota 

alterations was less evident in this cohort of elderly individuals. Overall, PPI use, antibiotics, ACF 

of LTCF stay, and C. difficile colonization appeared to have no notable impact on the diversity or 

evenness of the microbiota. Richness was decreased only in individuals exposed to PPIs, while 

an increase was observed in individuals in the ACF. Few changes were seen at the various 

taxonomic levels, however genus was affected by both facility and C. difficile shedding.  

PPI use, antibiotic use, facility location, and C. difficile shedding were associated with 

alterations in the intestinal microbiota. Where PPI use and location appeared to have a greater 

effect on the composition and structure, antibiotic use and C. difficile shedding affected much 

more subtle alterations. The changes identified in this study group, such as an increase in 

Proteobacteria with PPI use, might better shape health care approaches in elderly, serving as 

indicators of health as well as aid in the development of novel bacterial therapies.   
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Tables 

Table 3.1: Descriptive statistics of risk factor variables collected for each patient and resident 

Risk Factor 
Long-Term Care Facility 

n=474 
Acute-Care Facility 

n=410 

Mean length of stay (days) 1253.3 (0-14272) 182.2 (0-4774) 

Mean age (years) 87 (58-107) 79.6 (46-103) 

Male 29.1% (138) 45.6% (187) 

Female 70.9% (336) 54.4% (223) 

Private accommodations 100% (474) 41.0% (168) 

Ambulatory  98.7% (468) 92.4% (379) 

Use of feed tube 1.7% (8) 18.8% (77) 

Continent 11% (52) 18.8% (77) 

Loose bowel movements in 2 weeks prior 
to sampling 5.5% (26) 28.3% (116) 

Laxative use 93.3% (442) 65.4% (268) 

History of C. difficile Infection 5.1% (24) 6.4% (26) 

Antibiotic use in 2 months prior to 
sampling 36.5% (173) 37.6% (154) 

Aminoglycoside use in 2 months prior to 
sampling 0% (0) 0.7% (3) 

Beta-Lactam use in 2 months prior to 
sampling 0% (0) 0.7% (3) 

Cephalosporin use in 2 months prior to 
sampling 13.9% (66) 17.8% (73) 

Fluoroquinolone use in 2 months prior to 
sampling 12.2% (58) 10.5% (43) 

Glycopeptide use in 2 months prior to 
sampling 0.4% (2) 3.2% (13) 

Lincosamide use in 2 months prior to 
sampling 1.3% (6) 0.7% (3) 

Macrolide use in 2 months prior to 
sampling 3% (14) 1.2% (5) 

Nitrofurantoin use in 2 months prior to 
sampling 1.7% (8) 1.0% (4) 

Nitroimidazole use in 2 months prior to 
sampling 0.8% (4) 1.7% (7) 

Penicillin use in 2 months prior to 
sampling 14.1% (67) 12.7% (52) 

Rifampin use in 2 months prior to 
sampling 0% (0) 0.5% (2) 

Sulfonamide use in 2 months prior to 
sampling 7.6% (36) 10% (41) 
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Tetracycline use in 2 months prior to 
sampling 1.1% (5) 0% (0) 

Use of anti-ulcer medications in 2 weeks 
prior to sampling 2.7% (13) 2.7% (11) 

Use of proton pump inhibitors in 2 weeks 
prior to sampling 31.9% (151) 36.1% (148) 

Recent surgical procedures 2.1% (10) 22.2% (91) 

Recent leave of absence, medical (LOAM) 17.3% (82) 12.4% (51) 

History of C. difficile Infection on the ward 13.7% (65) 0% (0) 

History of cancer and/or IBD 7.6% (36) 4.9% (20) 

History of immunosuppressive therapy 11.8% (56) 4.6% (19) 

Infection prevention and control 
precautions (current) 9.5% (45) 12% (49) 

Any known history of Vancomycin 
Resistant Enterococci Colonization  0.2% (1) 1.7% (7) 

Current long-term indwelling device 3.4% (16) 30.2% (124) 
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Table 3.2: C. difficile toxin gene isolates identified in an Acute-Care Facility (ACF) and a Long-

Term Care Facility (LTCF) 
 

Toxinotype 

Long-Term Care 
Facility 
n=88 

Acute Care 
Facility 
n=92 

A+B+CDT+ 34 (39.1%) 14 (15.2%) 

A+B+CDT- 50 (57.5%) 67 (72.8%) 

A-B-CDT- 4 (4.6%) 11 (12.0%) 
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Table 3.3: Toxin gene pattern and ribotype characterization of C. difficile isolates identified in 

an Acute-Care Facility (ACF) and a Long-Term Care Facility (LTCF) 

 

Ribotype 
Toxin Gene 

Profile 
LTCF 
n=88 

ACF 
n=92 

AI-82/1 A+B+CDT- 3 (3.5%) 19 (20.7%) 

002 and 002/2 A+B+CDT- 2 (2.3%) 1 (1.1%) 

012 A+B+CDT- 0 (0%) 4 (4.4%) 

014 and 014/0 A+B+CDT- 6 (6.8%) 3 (3.3%) 

020 A+B+CDT- 9 (10.4%) 6 (6.5%) 

027 A+B+CDT+ 30 (34.5%) 9 (9.8%) 

029 A+B+CDT- 0 (0%) 1 (1.1%) 

039 A-B-CDT- 2 (2.3%) 1 (1.1%) 

056 A+B+CDT- 4 (4.6%) 0 (0%) 

077 A+B+CDT- 0 (0%) 1 (1.1%) 

078 A+B+CDT+ 4 (4.6%) 4 (4.4%) 

084 A+B+CDT- 2(2.3%) 1 (1.1%) 

106 A+B+CDT- 9 (10.4%) 7 (7.6%) 

126 A+B+CDT+ 0 (0%) 2 (2.2%) 

176 A+B+CDT- 0 (0%) 3 (3.3%) 

557 A-B-CDT- 0 (0%) 1 (1.1%) 

590 A+B+CDT- 1 (1.2%) 0 (0%) 

616 A+B+CDT- 1 (1.2%) 0 (0%) 

705 A+B+CDT- 1 (1.2%) 0 (0%) 

A-076 A+B+CDT- 1 (1.2%) 0 (0%) 

A-149 A+B+CDT- 1 (1.2%) 0 (0%) 

A-194 A+B+CDT- 1 (1.2%) 0 (0%) 

A-238 A-B-CDT- 1 (1.2%) 0 (0%) 

A-253 A+B+CDT- 1 (1.2%) 0 (0%) 

A-461 A+B+CDT- 1 (1.2%) 0 (0%) 

E A+B+CDT- 1 (1.2%) 0 (0%) 

O A+B+CDT- 4 (4.6%) 13 (14.1%) 

OVC E A-B-CDT- 1 (1.2%) 9 (9.8%) 

H-140 A-B-CDT- 0 (0%) 1 (1.1%) 

H-166 A+B+CDT- 0 (0%) 1 (1.1%) 

H-220 A+B+CDT- 0 (0%) 1 (1.1%) 

H-265 A+B+CDT- 0 (0%) 1 (1.1%) 

H-289 A+B+CDT- 0 (0%) 1 (1.1%) 

H-297 A+B+CDT- 0 (0%) 1 (1.1%) 

H-326 A+B+CDT- 0 (0%) 1 (1.1%) 
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Table 3.4: Alpha diversity values (Chao, Shannon Evenness Index, and Simpson’s Index) in 

individuals exposed to proton pump inhibitors (PPIs) (n=11) compared to individuals not 

exposed to PPIs (n=11) 

 

PPI 
Mean Chao  

(Lower 95%-Upper 95%) 

Mean Shannon Evenness  
Index  

(Lower 95%-Upper 95%) 

Mean Inverse Simpson’s 
Index  

(Lower 95%-Upper 95%) 

Yes 691.40 (620.02-762.78) 0.59 (0.51-0.66) 14.23 (8.12-20.33) 

No 781.91 (668.72-895.09) 0.61 (0.55-0.67) 17.58 (8.08-27.08) 

P-Value 0.04 0.69 0.79 

 

 
  



 

100 
 

Table 3.5: Alpha diversity values (Chao, Shannon Evenness Index, and Simpson’s Index) in 

individuals exposed to antibiotics (ABs) (n=32) compared to individuals not exposed to ABs 

(n=32) 

 

AB 
Mean Chao  

(Lower 95%-Upper 95%) 

Mean Shannon Evenness  
Index  

(Lower 95%-Upper 95%) 

Mean Inverse Simpson’s 
Index  

(Lower 95%-Upper 95%) 

Yes 9712.68 (8251.0-11174) 0.62 (0.59-0.64) 39.26 (26.26-52.25) 

No 9477.37 (8225.4-10729) 0.63 (0.61-0.66) 42.74 (30.41-55.06) 

P-Value 0.79 0.22 0.28 
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Table 3.6: Alpha diversity values (Chao, Shannon Evenness Index, and Simpson’s Index) in 

individuals in long-term care facility (LTCF) (n=32) compared to individuals in acute care facility 

(ACF) (n=32) 

 

Facility 
Mean Chao  

(Lower 95%-Upper 95%) 

Mean Shannon Evenness  
Index  

(Lower 95%-Upper 95%) 

Mean Inverse Simpson’s 
Index  

(Lower 95%-Upper 95%) 

ACF 11782.4 (10498-13067) 0.61 (0.59-0.64) 34.21 (25.59-42.83) 

LTCF 7407.7 (6529-8287) 0.64 (0.61-0.67) 47.78 (32.45-63.11) 

P-Value <0.01 0.17 0.11 

 
 
  



 

102 
 

Table 3.7: Alpha diversity values (Chao, Shannon Evenness Index, and Simpson’s Index) in 

individuals shedding C. difficile (CD) (n=14) compared to individuals not shedding C. difficile (No 

CD) (n=50) 

 

CD 
Mean Chao  

(Lower 95%-Upper 95%) 

Mean Shannon Evenness  
Index  

(Lower 95%-Upper 95%) 

Mean Inverse Simpson’s 
Index  

(Lower 95%-Upper 95%) 

CD 10267.0 (8363.3-12171) 0.59 (0.55-0.63) 29.31 (16.60-42.02) 

No CD 9406.9 (8306.3-10507) 0.63 (0.61-0.65) 44.27 (33.68-54.85) 

P-Value 0.21 0.08 0.14 
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Figures  

 

 
Figure 3. 1 Principle coordinates analysis comparing community membership of the fecal 

microbiota of individuals exposed to proton pump inhibitors (PPIs) (n=11) compared to 

individuals not exposed to PPIs (n=11) 

  

Legend 

●   No PPI 

+   PPI 
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Figure 3. 2 Principle coordinates analysis comparing community structure of the fecal 

microbiota of individuals exposed to proton pump inhibitors (PPIs) (n=11) compared to 

individuals not exposed to PPIs (n=11) 

  

Legend 

●   No PPI 

+   PPI 
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Figure 3. 3 : LEfSe and linear discriminant analysis of significant differentially abundant 

operational taxonomic units (OTUs) in individuals exposed to proton pump inhibitors (PPIs) 

(n=11) compared to individuals not exposed to PPIs (n=11) 
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Figure 3. 4 Principle coordinates analysis comparing community membership of the fecal 

microbiota of in individuals exposed to antibiotics (ABs) (n=32) compared to individuals not 

exposed to ABs (n=32) 
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Figure 3. 5 Principle coordinates analysis comparing community structure of the fecal 

microbiota of in individuals exposed to antibiotics (ABs) (n=32) compared to individuals not 

exposed to ABs (n=32) 
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Figure 3. 6 LEfSe and linear discriminant analysis of significant differentially abundant 

operational taxonomic units (OTUs) in individuals exposed to antibiotics (ABs) (n=32) compared 

to individuals not exposed to ABs (n=32) 
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Figure 3. 7 Principle coordinates analysis comparing community membership of the fecal 

microbiota of individuals in long-term care facility (LTCF) (n=32) compared to individuals in 

acute care facility (ACF) (n=32) 

  

Legend 
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Figure 3. 8 Principle coordinates analysis comparing community structure of the fecal 

microbiota of individuals in long-term care facility (LTCF) (n=32) compared to individuals in 

acute care facility (ACF) (n=32) 

  

Legend 
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Figure 3. 9 LEfSe and linear discriminant analysis of significant differentially abundant 

operational taxonomic units (OTUs) in individuals in long-term care facility (LTCF) (n=32) 

compared to individuals in acute care facility (ACF) (n=32) 
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Figure 3. 10 Principle coordinates analysis comparing community membership of the fecal 

microbiota of individuals shedding C. difficile (CD) (n=14) compared to individuals not shedding 

C. difficile (No CD) (n=50) 
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Figure 3. 11 Principle coordinates analysis comparing community structure of the fecal 

microbiota of in individuals shedding C. difficile (CD) (n=14) compared to individuals not 

shedding C. difficile (No CD) (n=50) 
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Figure 3. 12 LEfSe and linear discriminant analysis of significant differentially abundant 

operational taxonomic units (OTUs) in individuals shedding C. difficile (CD) (n=14) compared to 

individuals not shedding C. difficile (No CD) (n=50) 
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Supplemental Tables 

 

Table 3.1: Comparison of the top 20 relative abundances by phyla in individuals exposed to 

proton pump inhibitors (PPIs) (n=11) versus individuals not exposed to PPIs (n=11) 

 

Phyla 

Median 
PPI 

(n=11) 

Median 
No PPI 
(n=11) 

P-
value Q-Value 

Firmicutes 0.450 0.465 1.000 1.000 

Proteobacteria 0.278 0.308 0.829 0.975 

Bacteroidetes 0.036 0.045 0.878 0.975 

Actinobacteria 0.035 0.054 0.689 0.919 

Verrucomicrobia 0.029 0.016 0.829 0.975 

Synergistetes <0.001 0.001 0.517 0.919 

Chlamydiae <0.001 <0.001 0.422 0.844 

Spirochaetes <0.001 <0.001 0.103 0.257 

Planctomycetes <0.001 <0.001 0.048 0.171 

Acidobacteria <0.001 <0.001 0.063 0.180 

Deinococcus-Thermus <0.001 <0.001 0.021 0.142 

Euryarchaeota <0.001 <0.001 0.553 0.919 

Fibrobacteres <0.001 <0.001 0.688 0.919 

Candidatus_Saccharibacteria <0.001 <0.001 0.023 0.142 

Cyanobacteria/Chloroplast <0.001 <0.001 0.028 0.142 

Marinimicrobia <0.001 <0.001 0.010 0.142 

Chloroflexi <0.001 <0.001 0.280 0.623 

Fusobacteria <0.001 <0.001 0.051 0.171 
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Table 3.2: Comparison of the top 20 relative abundances by class in individuals exposed to proton 

pump inhibitors (PPIs) (n=11) versus individuals not exposed to PPIs (n=11) 

 

Class 
Median PPI 

(n=11) 
Median No 
PPI (n=11) 

P-
value Q-Value 

Clostridia 0.328 0.411 0.340 0.654 

Gammaproteobacteria 0.259 0.304 0.782 0.888 

Actinobacteria 0.035 0.054 0.689 0.888 

Bacteroidia 0.035 0.045 0.878 0.914 

Negativicutes 0.031 0.014 0.117 0.364 

Verrucomicrobiae 0.029 0.016 0.829 0.902 

Bacilli 0.027 0.018 0.406 0.703 

Erysipelotrichia 0.006 0.013 0.186 0.464 

Alphaproteobacteria 0.004 <0.001 0.148 0.411 

Betaproteobacteria 0.004 0.002 0.782 0.888 

Deltaproteobacteria 0.003 0.004 0.207 0.470 

Flavobacteriia <0.001 <0.001 0.067 0.335 

Subdivision5 <0.001 <0.001 0.265 0.553 

Synergistia <0.001 <0.001 0.5166 0.760 

Chlamydiia <0.001 <0.001 0.422 0.703 

Spirochaetia <0.001 <0.001 0.103 0.364 

Planctomycetia <0.001 <0.001 0.004 0.088 

Deinococci <0.001 <0.001 0.021 0.188 

Methanobacteria <0.001 <0.001 0.727 0.888 

Fusobacteriia <0.001 <0.001 0.051 0.320 

Spirochaetia <0.001 <0.001 0.103 0.364 
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Table 3.3: Comparison of the top 20 relative abundances by order in individuals exposed to 

proton pump inhibitors (PPIs) (n=11) versus individuals not exposed to PPIs (n=11) 

 

Order 
Median PPI 

(n=11) 
Median No 
PPI (n=11) P-value Q-Value 

Clostridiales 0.328 0.411 0.310 0.792 

Enterobacteriales 0.245 0.303 0.782 0.918 

Bacteroidales 0.328 0.411 0.878 0.918 

Selenomonadales 0.030 0.014 0.117 0.536 

Verrucomicrobiales 0.029 0.017 0.829 0.918 

Lactobacillales 0.024 0.017 0.644 0.918 

Bifidobacteriales 0.023 0.027 0.878 0.918 

Bacillales 0.009 0.006 0.255 0.733 

Erysipelotrichales 0.006 0.013 0.186 0.610 

Burkholderiales 0.004 0.001 0.644 0.918 

Pseudomonadales 0.003 0.003 0.479 0.914 

Desulfovibrionales 0.003 0.004 0.186 0.610 

Coriobacteriales 0.003 0.006 0.442 0.914 

Caulobacterales 0.002 <0.001 0.038 0.292 

Xanthomonadales 0.001 0.001 0.372 0.855 

Actinomycetales 0.001 0.001 0.829 0.918 

Rhodobacterales 0.001 <0.001 0.010 0.115 

Rhizobiales 0.001 <0.001 0.104 0.536 

Synergistales <0.001 0.001 0.517 0.914 

Pasteurellales <0.001 <0.001 0.003 0.064 
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Table 3.4: Comparison of the top 20 relative abundances by family in individuals exposed to 

proton pump inhibitors (PPIs) (n=11) versus individuals not exposed to PPIs (n=11) 

 

Family 
Median PPI 

(n=11) 
Median No 
PPI (n=11) P-value Q-Value 

Enterobacteriaceae 0.245 0.303 0.782 0.926 

Ruminococcaceae 0.128 0.173 0.340 0.711 

Lachnospiraceae 0.111 0.135 0.518 0.851 

Verrucomicrobiaceae 0.029 0.016 0.829 0.926 

Bifidobacteriaceae 0.023 0.027 0.878 0.926 

Bacteroidaceae 0.021 0.017 0.926 0.926 

Acidaminococcaceae 0.016 0.006 0.079 0.595 

Rikenellaceae 0.008 0.004 0.207 0.595 

Veillonellaceae 0.007 0.002 0.255 0.647 

Porphyromonadaceae 0.007 0.006 0.601 0.921 

Erysipelotrichaceae 0.006 0.013 0.186 0.595 

Streptococcaceae 0.004 0.002 0.045 0.595 

Desulfovibrionaceae 0.003 0.004 0.186 0.595 

Coriobacteriaceae 0.003 0.006 0.442 0.781 

Enterococcaceae 0.003 0.014 0.406 0.778 

Planococcaceae 0.002 <0.001 0.281 0.647 

Moraxellaceae 0.002 0.001 0.829 0.926 

Peptostreptococcaceae 0.001 0.007 0.117 0.595 

Clostridiaceae_1 <0.001 0.004 0.117 0.595 

Lactobacillaceae 0.001 0.003 0.644 0.926 
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Table 3.5: Comparison of the top 20 relative abundances by genus in individuals exposed to 

proton pump inhibitors (PPIs) (n=11) versus individuals not exposed to PPIs (n=11) 

 

Genus 
Median PPI 

(n=11) 
Median No 
PPI (n=11) P-value Q-Value 

Escherichia/Shigella 0.233 0.094 0.069 0.698 

Akkermansia 0.029 0.016 0.829 1.000 

Clostridium_IV 0.027 0.021 0.782 1.000 

Bifidobacterium 0.022 0.027 0.829 1.000 

Bacteroides 0.021 0.017 0.926 1.000 

Blautia 0.017 0.012 0.479 0.830 

Faecalibacterium 0.014 0.016 0.975 1.000 

Clostridium_XlVa 0.010 0.010 0.601 0.952 

Alistipes 0.008 0.004 0.207 0.698 

Oscillibacter 0.007 0.008 0.230 0.698 

Fusicatenibacter 0.006 0.002 0.295 0.698 

Phascolarctobacterium 0.005 0.003 0.281 0.698 

Dorea 0.005 0.005 0.442 0.830 

Parabacteroides 0.005 0.004 0.479 0.830 

Ruminococcus2 0.003 0.007 0.255 0.698 

Enterococcus 0.003 0.012 0.479 0.830 

Sporobacter 0.002 0.008 0.148 0.698 

Roseburia 0.002 0.006 0.622 0.952 

Faecalicoccus 0.005 0.004 0.103 0.698 

Collinsella 0.005 0.009 0.878 1.000 

Ruminococcus 0.005 0.008 0.025 0.640 
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Table 3.6: LEfSe summary of significant differentially abundant operational taxonomic units in 

individuals exposed to proton pump inhibitors (PPIs) (n=11) versus individuals not exposed to 

PPIs (n=11) 

 

PPI Use LDA pValue Phylum Genus 

Yes 

3.21048 0.027 Actinobacteria Bifidobacterium 

2.7371 0.032 Firmicutes Lachnospiraceae unclassified 

2.88036 0.006 Firmicutes Viridibacillus 

2.83288 0.006 Proteobacteria Delftia 

2.87575 0.006 Proteobacteria Psychrobacter 

2.73384 0.006 Proteobacteria Brevundimonas 

2.57703 0.006 Proteobacteria Brevundimonas 

2.65264 0.006 Proteobacteria Stentrophomonas 

2.55056 0.006 Firmicutes Bacillus 

2.42048 0.006 Firmicutes Bacillales unclassified 

2.42519 0.015 Proteobacteria Neorhizobium 

2.50077 0.006 Firmicutes Lactococcus 

 
No 

2.95783 0.020 Firmicutes Eubacterium 

2.70035 0.003 Firmicutes Butyricicoccus 

2.35412 0.025 Firmicutes Geobacillus 

2.47328 0.005 Firmicutes Carnobacterium 

2.55389 0.001 Proteobacteria Frederiksenia 

2.55545 0.001 Proteobacteria Actinobacter 

2.24404 0.047 Bacteroidetes Bacteroides 

2.40169 0.007 Firmicutes Oscillobacter 

2.27499 0.008 Firmicutes Oscillobacter 

2.32061 0.035 Firmicutes Intestinimonas 

2.28577 0.006 Firmicutes Lachnospiraceae unclassified 

2.30897 0.006 Firmicutes Lachnospiraceae unclassified 

2.27892 0.006 Firmicutes Faecalibacterium 
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Table 3.7: Comparison of the top 20 relative abundances by phyla in individuals exposed to 

antibiotics (AB) (n=32) versus individuals not exposed to AB (n=32) 

 

Phyla 

Median 
Antibiotics 

(n=32) 

Median No 
Antibiotics 

(n=32) P-value Q-value 

Firmicutes 0.576 0.569 0.763 0.902 

Proteobacteria 0.212 0.155 0.311 0.770 

Actinobacteria 0.041 0.044 0.401 0.770 

Bacteroidetes 0.039 0.043 0.351 0.770 

Verrucomicrobia 0.006 0.015 0.861 0.902 

Spirochaetes <0.001 <0.001 0.368 0.770 

Fusobacteria <0.001 <0.001 0.052 0.770 

Candidatus_Saccharibacteria <0.001 <0.001 0.397 0.770 

Chlamydiae <0.001 <0.001 0.490 0.770 

Deinococcus-Thermus <0.001 <0.001 0.468 0.770 

Synergistetes <0.001 <0.001 0.287 0.770 

Acidobacteria <0.001 <0.001 0.858 0.902 

Fibrobacteres <0.001 <0.001 0.423 0.770 

Planctomycetes <0.001 <0.001 0.820 0.902 

Chloroflexi <0.001 <0.001 0.385 0.770 

Euryarchaeota <0.001 <0.001 0.743 0.902 

Cyanobacteria/Chloroplast <0.001 <0.001 0.840 0.902 

Tenericutes <0.001 <0.001 0.211 0.770 

Marinimicrobia <0.001 <0.001 1.000 1.000 

Parcubacteria <0.001 <0.001 0.765 0.902 

Lentisphaerae <0.001 <0.001 0.260 0.770 
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Table 3.8: Comparison of the top 20 relative abundances by class in individuals exposed to 

antibiotics (AB) (n=32) versus individuals not exposed to AB (n=32) 

 

Class 

Median 
Antibiotics 

(n=32) 

Median No 
Antibiotics 

(n=32) P-value Q-value 

Clostridia 0.373 0.451 0.825 0.888 

Gammaproteobacteria 0.176 0.107 0.280 0.766 

Actinobacteria 0.041 0.044 0.401 0.766 

Bacteroidia 0.037 0.043 0.365 0.766 

Bacilli 0.035 0.030 0.464 0.792 

Negativicutes 0.014 0.012 0.763 0.888 

Erysipelotrichia 0.010 0.014 0.846 0.888 

Verrucomicrobiae 0.006 0.015 0.984 0.984 

Betaproteobacteria 0.006 0.005 0.615 0.885 

Alphaproteobacteria 0.004 0.004 0.232 0.766 

Deltaproteobacteria 0.002 0.001 0.819 0.888 

Flavobacteriia <0.001 <0.001 0.632 0.885 

Spirochaetia <0.001 <0.001 0.368 0.766 

Sphingobacteriia <0.001 <0.001 0.804 0.888 

Fusobacteriia <0.001 <0.001 0.052 0.547 

Chlamydiia <0.001 <0.001 0.490 0.792 

Epsilonproteobacteria <0.001 <0.001 0.223 0.766 
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Table 3.9: Comparison of the top 20 relative abundances by order in individuals exposed to 

antibiotics (AB) (n=32) versus individuals not exposed to AB (n=32) 

 

Order 

Median 
Antibiotics 

(n=32) 

Median No 
Antibiotics 

(n=32) P-value Q-value 

Clostridiales 0.371 0.449 0.825 0.930 

Enterobacteriales 0.137 0.088 0.324 0.912 

Bacteroidales 0.037 0.043 0.365 0.912 

Bifidobacteriales 0.034 0.042 0.432 0.912 

Lactobacillales 0.025 0.026 0.568 0.912 

Verrucomicrobiales 0.006 0.015 0.984 1.000 

Erysipelotrichales 0.010 0.014 0.846 0.930 

Selenomonadales 0.014 0.012 0.763 0.930 

Coriobacteriales 0.002 0.005 0.142 0.840 

Burkholderiales 0.005 0.005 0.732 0.930 

Bacillales 0.005 0.004 0.372 0.912 

Pseudomonadales 0.006 0.003 0.153 0.840 

Desulfovibrionales 0.001 0.001 0.591 0.912 

Xanthomonadales 0.002 0.001 0.230 0.912 

Actinomycetales 0.001 0.001 0.682 0.930 

Rhizobiales 0.001 0.001 0.502 0.912 

Alteromonadales <0.001 <0.001 0.622 0.912 

Pasteurellales <0.001 <0.001 1.000 1.000 

Caulobacterales <0.001 <0.001 0.579 0.912 
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Table 3.10: Comparison of the top 20 relative abundances by family in individuals exposed to 

antibiotics (AB) (n=32) versus individuals not exposed to AB (n=32) 

 

Family 

Median 
Antibiotics 

(n=32) 

Median No 
Antibiotics 

(n=32) P-value Q-value 

Lachnospiraceae 0.137 0.136 0.763 0.895 

Enterobacteriaceae 0.137 0.088 0.324 0.675 

Ruminococcaceae 0.091 0.163 0.142 0.675 

Bifidobacteriaceae 0.034 0.042 0.432 0.675 

Bacteroidaceae 0.023 0.031 0.365 0.675 

Erysipelotrichaceae 0.010 0.014 0.846 0.926 

Peptostreptococcaceae 0.008 0.006 0.587 0.794 

Porphyromonadaceae 0.007 0.007 0.330 0.675 

Enterococcaceae 0.006 0.003 0.182 0.675 

Verrucomicrobiaceae 0.006 0.015 0.984 0.984 

Veillonellaceae 0.004 0.002 0.330 0.675 

Lactobacillaceae 0.004 0.002 0.311 0.675 

Streptococcaceae 0.004 0.003 0.440 0.675 

Rikenellaceae 0.003 0.004 0.737 0.895 

Pseudomonadaceae 0.003 0.001 0.025 0.292 

Planococcaceae 0.002 0.002 0.778 0.895 

Moraxellaceae 0.002 0.002 0.931 0.973 

Coriobacteriaceae 0.002 0.005 0.142 0.675 

Acidaminococcaceae 0.002 0.002 0.227 0.675 

Clostridiaceae_1 0.002 0.002 0.498 0.715 
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Table 3.11: Comparison of the top 20 relative abundances by genus in individuals exposed to 

antibiotics (AB) (n=32) versus individuals not exposed to AB (n=32) 

 

Genus 

Median 
Antibiotics 

(n=32) 

Median No 
Antibiotics 

(n=32) P-value 
Q-

value 

Escherichia/Shigella 0.074 0.035 0.473 0.647 

Bifidobacterium 0.034 0.042 0.424 0.613 

Bacteroides 0.023 0.031 0.379 0.602 

Clostridium_XlVa 0.017 0.004 <0.001 0.003 

Blautia 0.014 0.023 0.240 0.520 

Ruminococcus2 0.008 0.008 0.888 0.985 

Clostridium_IV 0.008 0.018 0.138 0.448 

Akkermansia 0.006 0.014 0.909 0.985 

Enterococcus 0.006 0.003 0.219 0.518 

Parabacteroides 0.004 0.004 0.532 0.692 

Faecalicoccus 0.004 0.001 0.009 0.063 

Oscillibacter 0.004 0.006 0.324 0.561 

Lactobacillus 0.004 0.002 0.301 0.559 

Faecalibacterium 0.003 0.018 0.007 0.063 

Alistipes 0.003 0.004 0.737 0.901 

Ruminococcus 0.001 0.007 0.262 0.524 

Dorea 0.002 0.006 0.027 0.141 

Anaerostipes 0.002 0.006 0.136 0.448 

Roseburia 0.002 0.005 0.205 0.518 

Collinsella 0.004 0.004 0.047 0.203 
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Table 3.12: LEfSe summary of significant differentially abundant operational taxonomic units in 

individuals exposed to antibiotics (AB) (n=32) versus individuals not exposed to AB (n=32) 

 

AB Use LDA pValue Phylum Genus 

Yes 

3.556 0.017 Firmicutes Faecalicoccus 

3.090 0.002 Firmicutes Clostridium_XlVa 

3.356 0.018 Firmicutes Hungatella 

2.688 0.038 Firmicutes Blautia 

3.186 0.009 Firmicutes Blautia 

2.728 0.034 Firmicutes Lactobacillus 

2.738 0.029 Firmicutes Anaerostipes 

2.783 <0.001 Firmicutes Clostridium_XlVa 

2.931 0.003 Firmicutes Ruminococcaceae unclassified 

2.675 0.015 Firmicutes Butyricicoccus 

2.046 0.001 Firmicutes Eisenbergiella 

2.178 0.007 Firmicutes Ruminococcaceae unclassified 

2.164 0.028 Firmicutes Clostridium_XlVa 

2.265 <0.001 Firmicutes Clostridium_XlVa 

2.215 0.001 Actinobacteria Eggerthella 

2.185 0.047 Proteobacteria Acinetobacter 

 
No 

3.433 0.003 Firmicutes Faecalibacterium 

3.094 0.012 Firmicutes Blautia 

2.772 0.021 Firmicutes Roseburia 

3.058 0.015 Actinobacteria Collinsella 

2.851 0.007 Firmicutes Firmicutes unclassified 

2.816 0.004 Firmicutes Anaerostipes 

3.023 0.002 Firmicutes Fusicatenibacter 

3.074 0.002 Firmicutes Oscillibacter 

2.698 <0.001 Bacteroidetes Bacteroides 

2.509 0.045 Firmicutes Hungatella 

2.404 0.031 Firmicutes Blautia 

2.648 0.038 Firmicutes Clostridiales unclassified 

2.787 0.001 Firmicutes Faecalibacterium 

2.331 0.035 Firmicutes Clostridiales unclassified 

2.538 0.002 Firmicutes Ruminococcus2 

2.509 0.010 Firmicutes Ruminococcus2 

2.602 <0.001 Firmicutes Dorea 

2.783 0.050 Firmicutes Streptococcus 

2.353 0.009 Firmicutes Coprococcus 

2.521 0.001 Firmicutes Dorea 
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2.092 0.026 Firmicutes Oscillibacter 

2.319 0.004 Firmicutes Lachnospiraceae unclassified 

2.081 0.026 Proteobacteria Acinetobacter 

2.285 0.010 Firmicutes Coprococcus 

2.067 0.016 Bacteroidetes Bacteroides 
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Table 3.13: Comparison of the top 20 relative abundances by phyla in individuals in long-term 

care facility (LTCF) (n=32) compared to individuals in acute care facility (ACF) (n=32) 

 

Phyla 

Median 
LTCF 

(n=32) 

Median No 
ACF 

(n=32) P-value Q-value 

Firmicutes 0.569 0.576 0.559 0.699 

Proteobacteria 0.180 0.184 0.712 0.838 

Verrucomicrobia 0.052 0.002 0.005 0.011 

Bacteroidetes 0.043 0.040 0.773 0.846 

Actinobacteria 0.040 0.043 0.846 0.846 

Bacteria_unclassified 0.003 0.004 0.191 0.293 

Synergistetes <0.001 <0.001 0.171 0.286 

Deinococcus-Thermus <0.001 <0.001 0.010 0.020 

Candidatus_Saccharibacteria <0.001 <0.001 0.357 0.510 

Spirochaetes <0.001 <0.001 0.003 0.007 

Fusobacteria <0.001 <0.001 0.499 0.666 

Euryarchaeota <0.001 <0.001 0.838 0.846 

Fibrobacteres <0.001 <0.001 0.087 0.159 

Chloroflexi <0.001 <0.001 0.001 0.002 

Chlamydiae 0 <0.001 <0.001 <0.001 

Acidobacteria 0 <0.001 <0.001 <0.001 

Cyanobacteria/Chloroplast 0 <0.001 <0.001 <0.001 

Planctomycetes 0 <0.001 <0.001 <0.001 

Marinimicrobia 0 <0.001 <0.001 <0.001 

Parcubacteria 0 <0.001 <0.001 <0.001 
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Table 3.14: Comparison of the top 20 relative abundances by class in individuals in long-term 

care facility (LTCF) (n=32) compared to individuals in acute care facility (ACF) (n=32) 

 

Class 
Median LTCF 

(n=32) 

Median No 
ACF 

(n=32) P-value Q-value 

Clostridia 0.497 0.301 0.109 0.181 

Gammaproteobacteria 0.155 0.112 0.653 0.742 

Verrucomicrobiae 0.052 0.002 0.002 0.005 

Bacteroidia 0.043 0.038 0.712 0.763 

Actinobacteria 0.040 0.043 0.732 0.763 

Erysipelotrichia 0.014 0.010 0.559 0.666 

Bacilli 0.010 0.090 <0.001 <0.001 

Negativicutes 0.010 0.017 0.1646 0.257 

Bacteria_unclassified 0.003 0.004 0.3648 0.507 

Betaproteobacteria 0.002 0.008 0.0063 0.014 

Deltaproteobacteria 0.001 0.002 0.9305 0.931 

Alphaproteobacteria <0.001 0.010 0.0001 <0.001 

Synergistia <0.001 <0.001 0.1085 0.181 

Deinococci <0.001 <0.001 0.0126 0.026 

Sphingobacteriia <0.001 <0.001 0.4601 0.575 

Spirochaetia <0.001 <0.001 0.0018 0.005 

Epsilonproteobacteria <0.001 <0.001 0.2335 0.343 

Flavobacteriia 0 0.001 0.0001 <0.001 

Chlamydiia 0 <0.001 0.0001 <0.001 

Planctomycetia 0 <0.001 0.0001 <0.001 

Synergistia <0.001 <0.001 0.1085 0.181 
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Table 3.15: Comparison of the top 20 relative abundances by order in individuals in long-term 

care facility (LTCF) (n=32) compared to individuals in acute care facility (ACF) (n=32) 

 

Order 
Median LTCF 

(n=32) 

Median No 
ACF 

(n=32) P-value Q-value 

Clostridiales 0.495 0.300 0.112 0.155 

Enterobacteriales 0.112 0.086 0.931 0.931 

Verrucomicrobiales 0.052 0.002 0.002 0.004 

Bacteroidales 0.043 0.038 0.712 0.742 

Bifidobacteriales 0.034 0.035 0.532 0.634 

Erysipelotrichales 0.014 0.010 0.559 0.636 

Selenomonadales 0.010 0.017 0.165 0.217 

Lactobacillales 0.008 0.051 <0.001 <0.001 

Coriobacteriales 0.005 0.002 0.103 0.155 

Burkholderiales 0.002 0.007 0.009 0.017 

Pseudomonadales 0.002 0.008 <0.001 <0.001 

Desulfovibrionales 0.001 0.001 0.103 0.155 

Bacillales 0.001 0.014 <0.001 <0.001 

Actinomycetales <0.001 0.001 <0.001 <0.001 

Pasteurellales <0.001 <0.001 0.658 0.715 

Synergistales <0.001 <0.001 0.109 0.155 

Xanthomonadales <0.001 0.003 <0.001 <0.001 

Caulobacterales 0 0.003 <0.001 <0.001 

Rhodobacterales 0 0.002 <0.001 <0.001 

Alteromonadales 0 0.002 <0.001 <0.001 

Rhizobiales <0.001 0.002 <0.001 <0.001 

Flavobacteriales 0 0.001 <0.001 <0.001 
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Table 3.16: Comparison of the top 20 relative abundances by family in individuals in long-term 

care facility (LTCF) (n=32) compared to individuals in acute care facility (ACF) (n=32) 

 

Family 
Median LTCF 

(n=32) 

Median No 
ACF 

(n=32) P-value Q-value 

Ruminococcaceae 0.165 0.079 0.025 0.049 

Lachnospiraceae 0.146 0.125 0.752 0.810 

Enterobacteriaceae 0.112 0.086 0.931 0.931 

Verrucomicrobiaceae 0.052 0.002 0.002 0.006 

Bifidobacteriaceae 0.034 0.035 0.532 0.621 

Bacteroidaceae 0.018 0.032 0.286 0.381 

Erysipelotrichaceae 0.014 0.010 0.559 0.626 

Porphyromonadaceae 0.010 0.005 0.169 0.249 

Peptostreptococcaceae 0.005 0.007 0.506 0.616 

Coriobacteriaceae 0.005 0.002 0.103 0.180 

Rikenellaceae 0.005 0.002 0.018 0.039 

Acidaminococcaceae 0.003 0.001 0.161 0.249 

Streptococcaceae 0.003 0.005 0.005 0.012 

Clostridiaceae_1 0.002 0.002 0.846 0.877 

Sutterellaceae 0.002 0.001 0.237 0.332 

Veillonellaceae 0.002 0.007 0.103 0.180 

Desulfovibrionaceae 0.001 <0.001 0.111 0.184 

Enterococcaceae 0.001 0.026 <0.001 <0.001 

Planococcaceae <0.001 0.010 <0.001 <0.001 

Lactobacillaceae 0.001 0.007 <0.001 <0.001 

Moraxellaceae 0.001 0.004 <0.001 <0.001 

Comamonadaceae <0.001 0.003 <0.001 <0.001 

Caulobacteraceae 0 0.003 <0.001 <0.001 

Pseudomonadaceae 0.001 0.003 <0.001 <0.001 

Xanthomonadaceae <0.001 0.003 <0.001 <0.001 
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Table 3.17: Comparison of the top 20 relative abundances by genus in individuals in long-term 

care facility (LTCF) (n=32) compared to individuals in acute care facility (ACF) (n=32) 

 

Genus 
Median LTCF 

(n=32) 

Median No 
ACF 

(n=32) P-value Q-value 

Escherichia/Shigella 0.084 0.032 0.043 0.099 

Akkermansia 0.052 0.001 0.001 0.005 

Bifidobacterium 0.034 0.035 0.524 0.615 

Clostridium_IV 0.032 0.005 <0.001 <0.001 

Blautia 0.021 0.017 0.394 0.506 

Bacteroides 0.018 0.032 0.292 0.457 

Faecalibacterium 0.016 0.007 0.118 0.227 

Ruminococcus 0.013 0.001 0.009 0.030 

Clostridium_XlVa 0.009 0.009 0.722 0.750 

Ruminococcus2 0.008 0.007 0.246 0.414 

Oscillibacter 0.008 0.004 0.048 0.099 

Parabacteroides 0.005 0.003 0.304 0.457 

Alistipes 0.005 0.002 0.018 0.054 

Roseburia 0.004 0.002 0.327 0.465 

Collinsella 0.004 0.001 0.046 0.098 

Dorea 0.004 0.003 1.000 1.000 

Enterococcus 0.001 0.024 <0.001 <0.001 

Viridibacillus <0.001 0.008 <0.001 <0.001 

Lactobacillus 0.001 0.007 <0.001 0.001 

Anaerostipes 0.003 0.004 0.687 0.750 

Streptococcus 0.002 0.004 0.432 0.530 
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Table 3.18: LEfSe summary of significant differentially abundant operational taxonomic units in 

individuals in long-term care facility (LTCF) (n=32) compared to individuals in acute care facility 

(ACF) (n=32) 

 

Facility LDA pValue Phyla Genus 

LTCF 

4.028 0.008 Firmicutes Oscillospira 

3.677 <0.001 Firmicutes Bacillus 

3.726 0.022 
Bacteria 
unclassified Bacteria unclassified 

3.491 0.013 Bacteroidetes Bacteroides 

3.254 0.022 Proteobacteria Proteus 

3.416 <0.001 Firmicutes Megasphaera 

3.319 0.007 Proteobacteria Ignatzschineria 

3.097 0.003 Firmicutes Streptococcus 

2.888 0.015 Bacteroidetes Parabacteroides 

3.193 0.001 Firmicutes Peptoniphilus 

3.192 0.005 Firmicutes Ruminococcus 

2.804 0.015 Firmicutes Clostridium 

2.942 0.020 Firmicutes Eubacterium 

2.991 0.048 Firmicutes Lactobacillus 

2.869 0.032 Proteobacteria Succinivibrio 

2.721 0.005 Proteobacteria Comamonadaceae unclassified 

2.394 0.015 Proteobacteria Brevundimonas 

3.018 0.001 Proteobacteria Pseudidiomarina 

2.836 0.002 Firmicutes Ruminococcus 

2.640 0.001 Verrucomicrobia Persicirhabdus 

2.627 0.032 Firmicutes Bacillus 

2.566 0.027 Proteobacteria Stenotrophomonas 

2.559 0.020 OD1 ZB2_unclassified 

2.715 0.007 Firmicutes Peptococcus 

2.598 <0.001 Firmicutes Clostridium 

2.442 0.001 Bacteroidetes Flavobacteriaceae unclassified 

2.694 0.001 Firmicutes Clostridium  

2.716 0.001 Firmicutes Coprococcus 

2.663 0.033 Firmicutes Facklamia 

2.211 0.0418 Firmicutes Clostridium 

2.352 <0.001 Planctomycetes Planctomyces 

2.249 0.024 Lentisphaerae Victivallaceae unclassified 

2.525 <0.001 Firmicutes Butyrivibrio 

2.443 <0.001 Proteobacteria Enhydrobacter 

2.210 <0.001 Proteobacteria Brevundimonas 

2.071 0.017 Proteobacteria Desulfovibrionales unclassified 
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ACF 

4.122 <0.001 Firmicutes Ruminococcaceae unclassified 

4.009 <0.001 Firmicutes Clostridiales unclassified 

3.852 0.020 Bacteroidetes Bacteroides 

3.247 <0.001 Spirochaetes Treponema 

3.319 0.010 Firmicutes Clostridium 

3.063 <0.001 Firmicutes Roseburia 

2.992 0.009 Proteobacteria 
Alphaproteobacteria 
unclassified 

2.921 0.005 Bacteroidetes Alistipes 

2.852 <0.001 Actinobacteria Eggerthella 

2.775 <0.001 Firmicutes Sporosarcina 

2.590 0.015 Bacteroidetes Sediminibacterium 

2.755 <0.001 Firmicutes Streptococcus 

2.689 <0.001 Firmicutes cc_115 

2.258 0.025 Firmicutes Alkaliphilus 

2.175 0.050 Firmicutes Paenibacillus 

2.638 <0.001 Proteobacteria Methylotenera 

2.124 0.044 TM7 TM7-3 unclassified 

2.333 0.036 Tenericutes ML615J-28 unclassified 

2.570 <0.001 Planctomycetes agg27 unclassified 

2.516 <0.001 Thermi Deinococcus 

2.271 <0.001 Actinobacteria Olsenella 

2.456 <0.001 Firmicutes Lysinibacillus 

2.431 <0.001 Proteobacteria Pseudoalteromonas 

2.317 0.010 Chloroflexi JG30-KF-CM45 unclassified 

2.350 <0.001 Firmicutes Lactobacillus 

2.385 <0.001 Proteobacteria MND4_unclassified 

2.461 <0.001 Bacteroidetes Bacteroides 

2.297 <0.001 Actinobacteria Atopobium 

2.327 <0.001 Bacteroidetes Lewinella 

2.290 <0.001 Synergistetes TG5 

2.285 <0.001 Proteobacteria Neptuniibacter 

2.091 <0.001 Planctomycetes MVS-107 unclassified 

2.116 <0.001 Proteobacteria Glaciecola 

2.053 <0.001 Verrucomicrobia HA64_unclassified 

2.044 <0.001 Firmicutes Catonella 
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Table 3.19: Comparison of the top 20 relative abundances by phyla in individuals shedding C. 

difficile (CD) (n=14) compared to individuals not shedding C. difficile (No CD) (n=50) 

 

Phyla 

Median 
C. difficile 
Negative 

(n=50) 

Median 
C. difficile 
Positive 
(n=14) P-value Q-value 

Firmicutes 0.569 0.590 0.500 0.744 

Proteobacteria 0.171 0.258 0.246 0.491 

Bacteroidetes 0.048 0.032 0.093 0.292 

Actinobacteria 0.044 0.020 0.160 0.352 

Verrucomicrobia 0.022 0.003 0.073 0.282 

Spirochaetes <0.001 <0.001 0.511 0.744 

Candidatus_Saccharibacteria <0.001 <0.001 0.465 0.744 

Chlamydiae <0.001 <0.001 0.153 0.352 

Synergistetes <0.001 <0.001 0.563 0.744 

Deinococcus-Thermus <0.001 <0.001 0.609 0.744 

Fibrobacteres <0.001 <0.001 0.666 0.750 

Fusobacteria <0.001 <0.001 0.556 0.744 

Chloroflexi <0.001 <0.001 0.681 0.750 

Euryarchaeota <0.001 <0.001 0.993 0.993 

Planctomycetes <0.001 <0.001 0.144 0.352 

Acidobacteria <0.001 <0.001 0.077 0.282 

Cyanobacteria/Chloroplast <0.001 <0.001 0.052 0.282 

Lentisphaerae <0.001 0 0.588 0.744 

Marinimicrobia 0 <0.001 0.066 0.282 

Parcubacteria 0 <0.001 0.040 0.282 
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Table 3.20:  Comparison of the top 20 relative abundances by class in individuals shedding C. 

difficile (CD) (n=14) compared to individuals not shedding C. difficile (No CD) (n=50) 

 

Class 

Median 
C. difficile 
Negative 

(n=50) 

Median 
C. difficile 
Positive 
(n=14) P-value 

Q-
value 

Clostridia 0.451 0.293 0.521 0.647 

Gammaproteobacteria 0.117 0.245 0.151 0.335 

Bacteroidia 0.047 0.032 0.099 0.335 

Actinobacteria 0.044 0.020 0.160 0.335 

Bacilli 0.024 0.084 0.015 0.269 

Verrucomicrobiae 0.022 0.002 0.047 0.269 

Negativicutes 0.015 0.003 0.036 0.269 

Erysipelotrichia 0.012 0.024 0.125 0.335 

Betaproteobacteria 0.007 0.004 0.214 0.410 

Alphaproteobacteria 0.004 0.004 0.394 0.604 

Deltaproteobacteria 0.002 0.002 0.559 0.6470 

Sphingobacteriia <0.001 <0.001 0.727 0.739 

Spirochaetia <0.001 <0.001 0.511 0.647 

Flavobacteriia <0.001 0.001 0.146 0.335 

Chlamydiia <0.001 <0.001 0.153 0.335 

Synergistia <0.001 <0.001 0.563 0.647 

Deinococci <0.001 <0.001 0.609 0.667 

Planctomycetia <0.001 <0.001 0.265 0.436 

Cyanobacteria 0 <0.001 0.076 0.335 
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Table 3.21: Comparison of the top 20 relative abundances by order in individuals shedding C. 

difficile (CD) (n=14) compared to individuals not shedding C. difficile (No CD) (n=50) 

 

Order 

Median 
C. difficile 
Negative 

(n=50) 

Median 
C. difficile Positive 

(n=14) P-value Q-value 

Clostridiales 0.449 0.292 0.543 0.620 

Enterobacteriales 0.097 0.218 0.121 0.200 

Bacteroidales 0.047 0.032 0.099 0.183 

Bifidobacteriales 0.042 0.016 0.071 0.183 

Verrucomicrobiales 0.022 0.002 0.047 0.183 

Lactobacillales 0.020 0.041 0.024 0.170 

Selenomonadales 0.015 0.003 0.036 0.170 

Erysipelotrichales 0.012 0.024 0.125 0.200 

Burkholderiales 0.006 0.004 0.180 0.255 

Coriobacteriales 0.004 0.003 0.814 0.814 

Pseudomonadales 0.003 0.006 0.070 0.183 

Bacillales 0.003 0.009 0.033 0.170 

Desulfovibrionales 0.001 0.001 0.295 0.393 

Xanthomonadales 0.001 0.002 0.394 0.473 

Actinomycetales 0.001 0.001 0.059 0.183 

Rhizobiales 0.001 <0.001 0.330 0.416 

Pasteurellales <0.001 <0.001 0.638 0.696 

Selenomonadales 0.015 0.003 0.036 0.170 

Caulobacterales <0.001 0.002 0.159 0.238 

Rhodobacterales <0.001 0.001 0.085 0.183 

Alteromonadales <0.001 0.001 0.097 0.183 
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Table 3.22: Comparison of the top 20 relative abundances by family in individuals shedding C. 

difficile (CD) (n=14) compared to individuals not shedding C. difficile (No CD) (n=50) 

 

Family 

Median 
C. difficile 
Negative 

(n=50) 

Median 
C. difficile Positive 

(n=14) P-value Q-value 

Ruminococcaceae 0.158 0.094 0.135 0.251 

Lachnospiraceae 0.141 0.107 0.239 0.369 

Enterobacteriaceae 0.097 0.218 0.121 0.251 

Bifidobacteriaceae 0.042 0.016 0.073 0.217 

Bacteroidaceae 0.031 0.015 0.078 0.217 

Verrucomicrobiaceae 0.022 0.002 0.047 0.217 

Erysipelotrichaceae 0.012 0.024 0.125 0.251 

Porphyromonadaceae 0.007 0.006 0.62 0.705 

Coriobacteriaceae 0.004 0.003 0.814 0.814 

Peptostreptococcaceae 0.004 0.016 0.043 0.217 

Streptococcaceae 0.004 0.003 0.620 0.705 

Rikenellaceae 0.004 0.002 0.252 0.369 

Acidaminococcaceae 0.003 0.001 0.052 0.217 

Veillonellaceae 0.003 0.002 0.151 0.251 

Enterococcaceae 0.003 0.033 <0.001 0.008 

Lactobacillaceae 0.003 0.005 0.490 0.613 

Sutterellaceae 0.002 <0.001 0.044 0.217 

Planococcaceae 0.001 0.006 0.073 0.217 

Pseudomonadaceae 0.002 0.003 0.087 0.217 

Clostridiaceae_1 0.002 0.003 0.776 0.809 

Moraxellaceae 0.002 0.003 0.450 0.592 

Caulobacteraceae 0.004 0.003 0.150 0.251 
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Table 3.23: Comparison of the top 20 relative abundances by genus in individuals shedding C. 

difficile (CD) (n=14) compared to individuals not shedding C. difficile (No CD) (n=50) 

 

Genus 

Median 
C. difficile 
Negative 

(n=50) 

Median 
C. difficile Positive 

(n=14) P-value Q-value 

Bifidobacterium 0.042 0.016 0.070 0.264 

Bacteroides 0.031 0.015 0.078 0.264 

Escherichia/Shigella 0.028 0.086 0.180 0.375 

Clostridium_IV 0.021 0.006 0.052 0.235 

Akkermansia 0.020 0.001 0.037 0.224 

Blautia 0.018 0.015 0.632 0.852 

Faecalibacterium 0.015 0.003 0.129 0.316 

Clostridium_XlVa 0.009 0.010 0.814 0.852 

Ruminococcus2 0.008 0.007 0.644 0.852 

Ruminococcus 0.007 0.001 0.103 0.277 

Oscillibacter 0.006 0.003 0.367 0.584 

Roseburia 0.006 <0.001 0.001 0.014 

Parabacteroides 0.004 0.004 0.764 0.852 

Dorea 0.004 0.002 0.273 0.461 

Anaerostipes 0.004 0.005 0.865 0.865 

Alistipes 0.004 0.002 0.252 0.461 

Enterococcus 0.002 0.030 <0.001 0.008 

Faecalicoccus 0.002 0.005 0.042 0.224 

Lactobacillus 0.003 0.004 0.490 0.735 

Viridibacillus <0.001 0.004 0.095 0.277 

Subdoligranulum 0.001 0.003 0.180 0.375 
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Table 3.24: LEfSe summary of significant differentially abundant operational taxonomic units in 

individuals shedding C. difficile (CD) (n=14) compared to individuals not shedding C. difficile (No 

CD) (n=50) 

 

C. 
difficile LDA 

P-
Value Kingdom Phyla Genus 

No 

3.506 0.001 Bacteria Bacteroidetes Bacteroides 

3.395 0.036 Bacteria 
Proteobacteri
a Parasutterella 

3.258 0.034 Bacteria Firmicutes Fusicatenibacter 

3.187 0.003 Bacteria Firmicutes Roseburia 

3.053 0.012 Bacteria Firmicutes Blautia 

2.974 0.034 Bacteria Firmicutes Anaerostipes 

2.829 0.037 Bacteria Firmicutes Roseburia 

2.660 0.037 Bacteria Bacteroidetes Bacteroides 

2.829 0.035 Bacteria Firmicutes Hungatella 

2.603 0.006 Bacteria Bacteroidetes Bacteroides 

2.660 0.009 Bacteria Bacteroidetes Bacteroides 

2.473 0.032 Bacteria Firmicutes Dorea 

2.313 0.022 Bacteria 
Proteobacteri
a Bilophila 

2.238 0.023 Bacteria Firmicutes Clostridiales_unclassified 

Yes 

3.953 0.001 Bacteria Firmicutes Enterococcus 

4.125 0.001 Bacteria Firmicutes Faecalicoccus 

3.764 0.039 Bacteria Firmicutes Faecalicoccus 

3.024 0.007 Bacteria Firmicutes Anaerostipes 

3.017 
<0.00

1 Bacteria Firmicutes 
Peptostreptococcaceae_unclassifie
d 

2.309 0.010 Bacteria Actinobacteria Eggerthella 
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Supplemental Figures 

 

 

Figure 3. 1:13 Average relative abundances of the top 1% of phyla in individuals exposed to 

proton pump inhibitors (PPIs) (n=11) versus individuals not exposed to PPIs (n=11) 
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Figure 3. 14: Average relative abundances of the top 1% of class in individuals exposed to 

proton pump inhibitors (PPIs) (n=11) versus individuals not exposed to PPIs (n=11) 
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Figure 3. 3:15 Average relative abundances of the top 1% of order in individuals exposed to 

proton pump inhibitors (PPIs) (n=11) versus individuals not exposed to PPIs (n=11) 
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Figure 3. 4: Average relative abundances of the top 1% of family in individuals exposed to 

proton pump inhibitors (PPIs) (n=11) versus individuals not exposed to PPIs (n=11) 
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Figure 3. 5: Average relative abundances of the top 1% of genus in individuals exposed to 

proton pump inhibitors (PPIs) (n=11) versus individuals not exposed to PPIs (n=11) 
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Figure 3. 6:16 Average relative abundances of the top 1% of phyla in Individuals exposed to 

antibiotics (ABs) (n=32) compared to individuals not exposed to ABs (n=32) 
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Figure 3. 7: Average relative abundances of the top 1% of class in Individuals exposed to 

antibiotics (ABs) (n=32) compared to individuals not exposed to ABs (n=32) 
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Figure 3. 8: Average relative abundances of the top 1% of order in Individuals exposed to 

antibiotics (ABs) (n=32) compared to individuals not exposed to ABs (n=32) 
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Figure 3. 9:17 Average relative abundances of the top 1% of family in Individuals exposed to 

antibiotics (ABs) (n=32) compared to individuals not exposed to ABs (n=32) 
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Figure 3. 10: Average relative abundances of the top 1% of genus in Individuals exposed to 

antibiotics (ABs) (n=32) compared to individuals not exposed to ABs (n=32) 
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Figure 3. 11:18 Average relative abundances of the top 1% of phyla in individuals in long-term 

care facility (LTCF) (n=32) compared to individuals in acute care facility (ACF) (n=32) 
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Figure 3. 12: Average relative abundances of the top 1% of class in individuals in long-term care 

facility (LTCF) (n=32) compared to individuals in acute care facility (ACF) (n=32) 
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Figure 3. 13:19  Average relative abundances of the top 1% of order in individuals in long-term 

care facility (LTCF) (n=32) compared to individuals in acute care facility (ACF) (n=32) 
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Figure 3. 14:20 Average relative abundances of the top 1% of family in individuals in long-term 

care facility (LTCF) (n=32) compared to individuals in acute care facility (ACF) (n=32) 
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Figure 3. 15:21 Average relative abundances of the top 1% of genus in individuals in long-term 

care facility (LTCF) (n=32) compared to individuals in acute care facility (ACF) (n=32) 
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Figure 3. 16: Average relative Abundances of the Top 1% of phyla in Individuals in shedding C. 

difficile (CD) (n=14) compared to individuals not shedding C. difficile (No CD) (n=50) 
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Figure 3. 17:22 Average relative Abundances of the Top 1% of class in Individuals in shedding C. 

difficile (CD) (n=14) compared to individuals not shedding C. difficile (No CD) (n=50) 
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Figure 3. 18: Average relative Abundances of the Top 1% of order in Individuals in shedding C. 

difficile (CD) (n=14) compared to individuals not shedding C. difficile (No CD) (n=50) 
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Figure 3. 19: Average relative Abundances of the Top 1% of family in Individuals in shedding C. 

difficile (CD) (n=14) compared to individuals not shedding C. difficile (No CD) (n=50) 
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Figure 3. 20:23 Average relative Abundances of the Top 1% of genus in Individuals in shedding 

C. difficile (CD) (n=14) compared to individuals not shedding C. difficile (No CD) (n=50) 
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Chapter 4  

Summary and Discussion 

1.0 Research Objectives 

In the last two decades, Canada and United States have experienced an increase in 

outbreaks of Clostridium difficile infection (CDI), primarily due to the emergence of an epidemic 

strain, North American pulsed-field gel electrophoresis (PFGE) type 1 and PCR ribotype 027 

(NAP-1/027) (Kelly et al., 2008; Loo et al., 2011). However, the epidemiology of C. difficile 

continues to change. With whole genome sequencing leading to better identification of strains, 

the distribution of strains is also changing, leading to questions regarding the origin of infection. 

Several risk factors have been identified for CDI in acute care facility (ACF) settings, but there is 

comparatively limited information on C. difficile in long-term care facilities (LTCFs). More 

specifically, C. difficile colonization, risk factors for colonization, and the role of C. difficile 

colonization on disease (or protection from disease) have not been adequately explored. With 

an aging population, a large (and increasing) population of LTCF residents and the potential 

severity of CDI in elderly individuals, more must be understood about this important pathogen.   

This thesis describes the investigation of C. difficile colonization in elderly patients in 

one ACF and its associated LTCF in southern Ontario, Canada. The objectives of this study 

focused on the characterization of the microbiology and epidemiology of C. difficile, and an 

exploration of the microbiota in elderly LTCF residents and ACF patients, to expand our 

knowledge of the various risk factors associated with C. difficile colonization and identify 

potential major determinants, if present.   
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2.0 The Epidemiology and Microbiology of C. difficile carriage 

Results from a cross-sectional study conducted in an ACF and its associated LTCF 

(Chapter 2) identified C. difficile colonization in 21% of individuals. While this is seemingly high, 

it is consistent with other studies of high-risk populations (Kachrimanidou et al., 2011; Salyers 

et al., 2002; Schulz et al., 2009; Seekatz et al., 2014; Wilkinson et al., 2011). These findings 

(Chapter 2), along with the heterogeneity in ribotypes, raise the question of the source of C. 

difficile. However, due to the mixed cross-sectional and prospective nature of sampling in this 

study (Chapter 2), the answer to this question remains unclear. Assessment of the possible 

sources of C. difficile acquisition, and the low CDI rates in the presence of high colonization 

rates, are further complicated by the number of different strains, and the high percentage of 

toxigenic strains found over the course of this study (Chapter 2). This suggests that contrary to 

what has been reported in literature, a high rate of colonization, as well as frequent ribotype 

027 colonization, is not always indicative of a high risk for disease. Furthermore, different 

strains predominated in each facility, ribotype 027 (A+B+CDT+) (35%) in the LTCF, and ribotype 

AI-82/1 (A+B+CDT-) (21%) in the ACF.  

Patients colonized with C. difficile have been identified in previous study as a potential 

infection reservoir of C. difficile transmission in health care settings (Furuya-Kanamori et al., 

2015). However, the variety of strains found in this study (Chapter 2) indicate that colonized 

patients and residents are not necessarily the main infection reservoir and point to a variety of 

sources responsible for C. difficile colonization among this study population. The high variability 

of strains found in this study (Chapter 2) indicate that shedding and transmission of C. difficile in 

the health care environment is much more complex than previously thought. Health care 
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personnel, due to their frequent interactions with patients and contact with contaminated 

surfaces, are often noted as potential vectors for C. difficile transmission. Contact with infected 

or colonized individuals, and their contaminated environments, have also been noted as 

potential routes of C. difficile transmission. If this were the case in this study (Chapter 2), even 

with the high rate of cross-contact in the LTCF, ribotypes would have likely clustered based on 

accommodations or ward, but no such clustering was observed. This finding has important 

implications, indicating that what were previously thought of as CDI outbreaks may not in fact 

be true outbreaks but clustering of unrelated CDI (Eyre et al., 2013).  These findings also 

naturally point to the community as a likely source of acquisition, likely from colonization on 

arrival, or even possibly visitors. It also raises the question of the importance of shedding and 

transmission in the health care environment. The high variability of ribotypes and their 

distribution indicate a much more complex pathophysiology in the health care environment 

than previously thought. Thus, a single individual with CDI, or colonized with C. difficile, may not 

be the source of transmission in an outbreak setting. Future study, particularly during a CDI 

outbreak setting, would benefit from typing C. difficile isolates to determine if an outbreak is 

truly an outbreak, or a cluster of unrelated cases. Further study to examine association 

between colonized residents and patients with their surrounding environment is warranted. As 

demonstrated here (Chapter 2), research regarding C. difficile colonization in ACFs and LTCFs 

requires further consideration. It is clear the impact of colonization is much more complex than 

simply acting as an indicator for disease development and transmission.  

Little is known about the dynamics of C. difficile transmission between facilities, 

something that is an important topic because of the integrated nature of the Canadian 
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healthcare system and frequent transfer of patients between acute care and long term or 

residential care facilities. C. difficile acquisition in LTCFs is often anecdotally attributed to 

transfer from an ACF. This study (Chapter 2) identified 3 of 4 individuals transferred from LTCF 

to ACF as positive for C. difficile colonization, but this was only after admission to the ACF. The 

types of C. difficile identified in these individuals were types that were found to predominate in 

the ACF. Again, due to the nature of sampling, it can only be hypothesized that C. difficile, in 

these few cases, was acquired shortly after transfer to the ACF. Further study is warranted to 

determine whether movement between facilities plays a role in acquisition. Sampling a patient 

or resident population with the addition of environmental sampling of the health care facility 

would further aid in identifying potential reservoirs and thus sources of transmission in the 

health care environment.  

It is worth noting the predominance of ribotype 027 in LTCF in this study (Chapter 2) is 

consistent with the high endemic rate of this ribotype in this region. Contrary to initial 

speculation that toxigenic strains of C. difficile may be among the minority among 

asymptomatic C. difficile colonized patients, more recent studies, including this one (Chapter 2), 

have shown that most strains are toxigenic (Furuya-Kanamori et al., 2015). The findings in this 

study (Chapter 2) raise the question of why the rate of colonization was high in a population 

commonly identified as high risk for disease when the observed rate of CDI was very low. 

Factors widely associated with CDI include those inherent in this population, such as advanced 

age, antimicrobial exposure and comorbidities. Yet, despite what should be a high-risk 

population, disease was rare. These results raise further questions in the debate about whether 

C. difficile colonization may be harmful or beneficial. While it has been assumed that 
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colonization is a detrimental state, there is evidence to suggest that asymptomatic C. difficile 

colonization has a protective effect against progression to disease through an immune 

mediated response (Furuya-Kanamori et al., 2015). Detectable serum levels of IgG and IgA 

antibodies to C. difficile toxins A and B have been identified in healthy children and adults, and 

higher levels of IgG have been identified in colonized patients when compared to patients who 

subsequently developed diarrhea (Furuya-Kanamori et al., 2015). Future study of C. difficile 

colonization would benefit from also assessing the presence or absence of antibodies to C. 

difficile toxins. While the potential for colonization with C. difficile to provide immune mediated 

protection is an important area to explore, the more interesting question is whether prior 

colonization with C. difficile, even with a toxigenic strain, occupies a niche in the intestinal 

microbiota that protects against acquisition of another strain from the health care 

environment. The inhibitive effect of the natural gut microbiota may occur through competition 

for space and nutrients, or the production of compounds that inhibit C. difficile proliferation 

(Furuya-Kanamori et al., 2015). It would therefore not be unusual to presume that colonization 

with C. difficile may act in a similar manner against disease proliferation. The high colonization 

rates in the absence of disease, as observed in this study (Chapter 2), suggests the intestinal 

microbiota plays a yet to be determined protective role in the prevention of CDI.   

It should be noted this study only investigated positive isolates for the presence of toxin 

genes and not the presence of toxins. The presence of C. difficile in the intestinal tract is only 

one part of the pathophysiology of CDI. Clinical manifestations of CDI are mediated through the 

production of these toxins. Thus, it is likely the factors that instigate toxin production have not 

been fulfilled, and these individuals may be carrying strains capable of, but not producing toxins 
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necessary for disease. These strains may carry the genes necessary for toxin production but due 

to a mutation, they may not be functional. It is also possible that individuals colonized with C. 

difficile have intestinal microbiotas that can suppress overgrowth of C. difficile, thus either 

suppressing toxin production, or allowing host immune response to develop antibodies against 

toxins. Recent studies showing the efficacy of fecal microbiota transplantation highlight the 

likely importance of the microbiota in preventing C. difficile from causing disease. Although the 

individuals harbouring toxigenic strains of C. difficile may be at a subsequently low risk of 

developing disease (Chopra and Goldstein, 2015), further study is warranted to determine the 

mechanism of protection. It would be equally important to identify the host conditions 

necessary for elaboration of toxins.  

While this study (Chapter 2) identified individuals positive for C. difficile as colonized, 

they may in fact, only be transiently shedding C. difficile that was recently ingested and 

passively moving through the gastrointestinal tract. This question, and the nature of sampling in 

this study (Chapter 2) opens a broader discussion of whether this is true colonization (living, 

reproducing, and proliferating C. difficile) in the intestinal tract, or whether spores have been 

ingested and are simply passing through. This is an issue with most studies, since longitudinal 

sampling is uncommon but is what would be required to properly assess colonization versus 

transient passing. The term ‘colonization’ was used in this study for consistency with other 

studies, while realizing the difficulties in truly determining what single point-in-time 

identification of the bacterium represents.   

In this study (Chapter 2), there were several risk factors that were associated with C. 

difficile colonization. Specifically, the increased odds of C. difficile colonization in residents with 
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a known history of vancomycin resistant enterococci (VRE) colonization is an important finding 

to consider. Currently, admission screening in some Ontario hospitals includes investigation of 

VRE colonization. In most hospitals, universal screening is not practiced and is only performed 

based on criteria. Thus there is no admission screening for C. difficile as it may not be practical 

in ACF or LTCF settings. The application, cost, and time taken to screen for C. difficile may not 

be justifiable. Thus, a positive VRE test on admission could prompt additional subsequent 

screening for C. difficile, thereby streamlining screening and making it more time and cost 

effective. However, although the correlation between VRE and C. difficile colonization is 

statistically significant in this study (Chapter 2), it does not appear to be biologically significant. 

In this study (Chapter 2) if we were using VRE as an indicator for C. difficile screening, it would 

only detect 2% of individuals colonized with C. difficile. Alternatively, a positive VRE result could 

be used as an indicator to improve cleaning, care, and handling practices to reflect C. difficile 

protocols. Except for spore production, C. difficile also shares common epidemiologic 

characteristics with other antimicrobial-resistant gram-positive organisms, such as MRSA and 

VRE (Dubberke et al., 2014). While MRSA and other HAIs were not investigated in this study 

(Chapter 2), the potential for association is important to consider. The timely identification of 

individuals colonized with C. difficile may assist ACFs and LTCFs in establishing specific protocols 

to screen on admission, screen during toileting care, and take extra care during environmental 

cleaning. Although the exact role of colonization and subsequent shedding remains unclear, the 

potential for contamination of the environment is a major concern due to potential impact on 

health of patients, staff, and visitors. 
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Antibiotics were found to be significantly associated with C. difficile colonization, but 

only in the ACF group. While consistent with previous studies that note disruption of the 

microbiota due to antibiotic use as a risk factor infection and colonization (Furuya-Kanamori et 

al., 2015, Rea et al., 2012, Leekha et al., 2013, Miliani et al., 2016; Poutanen and Simor, 2004), it 

is still an important finding to consider. It stresses the importance of antimicrobial stewardship, 

which includes avoiding unnecessary antimicrobial exposures, and selecting antimicrobials 

associated with a lower risk of CDI when possible, for non-CDI treatments in lowering the risk of 

CDI. While clindamycin, fluoroquinolones, and broad-spectrum β-lactam agents are considered 

risk factors for CDI (Miliani et al., 2016; Poutanen and Simor, 2004; Tattevin et al., 2013), they 

were not identified as such in this study. Analyzed independently, clindamycin and 

fluoroquinolone use appeared to significantly increase the odds in univariable modeling of C. 

difficile colonization, but when included in the multivariable models there was no association. 

There was, however, an association in the LTCF between C. difficile colonization and the 

interaction term of a prior history of CDI with fluoroquinolone use in the 2 months prior to 

sampling. The same interaction term, as well as a prior history of CDI with cephalosporin use 

appeared to significantly increase the odds of C. difficile colonization in the ACF. Additionally, 

prior use of both cephalosporin and fluoroquinolone together in the two months prior to 

sampling also appeared to increase the odds of colonization. The significance of these 

interaction terms (Chapter 2) have biological implications in that they further underline the 

importance of antimicrobial stewardship in conjunction. The lack of a significant effect of 

antibiotics on C. difficile colonization in LTCF is likely due to the timeframe outlined in this study 

(Chapter 2). Two months of use prior to sampling resulted in a high percentage of individuals 
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being treated with antibiotics, which could have confounded the analysis. Future study utilizing 

a different timeframe or assessing risk associated with various timeframes is warranted.  

3.0 Microbiota 

The relationship between the intestinal microbiota and the development of CDI has 

been well-established, though the specific changes that contribute to susceptibility and 

recurrence has not been adequately investigated. The intestinal microbiota may also play a 

critical role in prevention of CDI; however, the mechanism by which it provides protection is 

unknown. Factors such as antimicrobial exposure, acid-reducing medications (such as PPIs), 

metabolic disorders, and ageing can modify microbial population of the GI tract. Such an 

imbalance in the intestinal tract may reduce colonization resistance against enteric pathogens, 

leaving patients susceptible to colonization and subsequent infection by opportunistic 

pathogens. The study (Chapter 3) contained in this thesis is among the first to compare the 

differences in the intestinal microbiota between in elderly hospitalized patients and LTCF 

residents with concurrent risk factors for CDI, and sets out to characterize the specific 

microbiota alterations associated with PPI use, antibiotic use, location, and C. difficile carriage. 

There is increasing evidence to support the association between PPI use and antibiotic 

associated diarrhoeas (AADs), including CDI (Barletta et al, 2013; Freedberg et al., 2013; 

(Furuya-Kanamori et al., 2015, Johanesen et al., 2015; Kim et al., 2010; Seto et al., 2014, Young 

and Theriot, 2015), though this association is still controversial as the mechanism is largely 

unknown. It has been speculated that disruption to the intestinal flora and subsequent AAD is 

due to reduced gastric acidity which, which may allow unrestricted vegetative growth of 

pathogens such as C. difficile (Seto et al., 2014), or due to a reduced immune cell function which 
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allows pathogen survival (Johanesen et al., 2015). However, because C. difficile spores are 

tolerant of gastric acid, reduced gastric acidity would affect the passage of spores through the 

digestive tract. Bile acids are a strong stimulator of spore germination; thus, it is possible that 

PPIs may cause changes in the proximal small intestine that impact bile acid availability. PPIs 

could also impact the broader microbiota in the small intestine, altering protective effects or 

bile acid dynamics. This study (Chapter 2) found an association between PPI use and C. difficile 

colonization in the LTCF group. The high frequency of prescription of PPIs to LTCF patients in 

the absence of clear indications warrants further investigation to determine the impact of PPIs 

on the intestinal microbiome and the effect it may have on colonization and subsequent 

disease.   

Prior studies have shown PPI use to directly affect community structure and species 

richness in the fecal bacterial microbiota (Seto et al., 2014). PPI use resulted in differences in 

community membership as well as a decrease in richness among individuals that had recently 

been treated with PPIs. There was also a reduction in the relative abundance of Operational 

Taxonomic Units (OTUs) belonging to the Firmicutes phyla and an increase in OTUs belonging to 

the Proteobacteria phyla. This increase in Proteobacteria concurs with the association of 

Proteobacteria blooms as an indicator of an unstable structure of the intestinal microbial 

community. Often Proteobacteria increase in the intestinal tract correspond to diseased states 

such as metabolic disorders and intestinal inflammation (Biagi et al., 2012; Shin et al., 2015). It 

is possible the C. difficile detected in this population may have been present in small enough 

amounts that the proposed germination and competition elimination effects of PPIs were not 

significant. The time frame in which PPIs were used compared to sampling may have also had 
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an effect on the results, as the intestinal microbiota of those exposed was restored to pre-PPI 

levels by the time samples were taken. Additionally, unlike the Seto et al. study, samples in this 

study (Chapter 3) were collected at a single point in time, thus it was not clearly established 

whether individuals were still receiving treatment with PPIs at the time of sampling or had 

received treatment within the two weeks prior to sampling. It is also worth considering that risk 

of developing CDI is more dependent on what is happening higher in the gastrointestinal tract. 

While feces is a good predictor of the colonic microbiota, it is less so the higher we move up the 

gastrointestinal tract. Thus, it is possible that the limited changes observed in this study 

(Chapter 3) were because the changes were affected higher in the gastrointestinal tract and 

thus not detectable in the feces.  

Colonization of the intestinal tract by C. difficile has been linked with widespread usage 

of antibiotics, particularly clindamycin, cephalosporin, and ampicillin, which alter the intestinal 

microbiota by inhibiting growth of the predominant protective colonic bacteria (Miliani et al., 

2016; Poutanen and Simor, 2004). However, antibiotic use within the two months prior to this 

study (Chapter 3) did not appear to have an effect species diversity, evenness, richness, or 

community membership. There were also no significant changes observed on the relative 

abundances of bacteria at any taxonomic level. Antibiotic exposure resulted in a decrease in 

Firmicutes, Actinobacteria, Proteobacteria, and Bacteroidetes. Some studies identify increases 

in Bacteroidetes and Proteobacteria groups following antibiotic treatment while others identify 

reduced levels of Bacteroidetes as markers for development of CDI (Bien et al., 2013). Animal 

studies further convolute these associations, demonstrating an increase in Proteobacteria 

following antibiotic treatment (Young and Theriot, 2015). These findings are important as they 
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potentially demonstrate the resilience in the intestinal microbiota, even in the elderly. 

However, since samples in this study were taken at a single point in time, it is difficult to state 

this association with confidence. We would also likely see more changes the closer the sample 

was taken to the time of antibiotic use. This study highlights the need for further study that 

includes a baseline of the intestinal microbiota prior to antibiotic administration, and repeated 

sampling at regular intervals to determine immediate effects of antibiotics and time for the 

recovery of the intestinal microbiota. Future study would also benefit from assessing the 

impact of specific antibiotic classes.  

The effect of facility on the intestinal microbiota was a surprising find in this study 

(Chapter 3). There was a much greater variability in key microbial taxa between LTCF and ACF 

populations than any other comparison in this study (Chapter 3). Community structure and 

community membership were also significantly different between populations, and clustered 

based on location. Changes were also observed in the relative abundances of bacteria at all 

levels of taxonomy. Due to the number of concurrent risk factors in these populations it was 

not surprising to see a higher representation of Proteobacteria in both populations than is 

typically reported in studies of other healthy human populations. A higher relative abundance 

of several commensal intestinal microbes that are typically abundant in a healthy intestinal 

microbiota, including Akkermansia, Ruminococcus, Clostridium cluster IV, and Alistipes, was 

observed in the LTCF (Chapter 3). Although Ruminococcus and Akkermansia are commensal gut 

microbes and typically abundant in a healthy microbiota, the increased relative abundance in 

the LTCF population could reflect enteric mucosa inflammation with increased mucus 

production (Miliani et al., 2016). Given the otherwise homogenous nature of the populations 



 

173 
 

studied in the ACF and LTCF (Chapter 3), these findings may imply that environment or patient 

factors has a much greater effect on the intestinal microbiota than antimicrobials or PPIs, areas 

that have received much more attention. The exact nature of these differences were not 

assessed in this study (Chapter 3). Factors such as diet, hygiene and toileting, visitation, and 

freedom of mobility may be enough to alter the microbiota. The findings in this study (Chapter 

3) may also simply be reflective of the nature of patients and residents in each facility. Where 

LTCF populations may or may not be otherwise healthy, ACF populations have different health 

problems, often more acute in nature and likely associated with different types of medical 

interventions. The impact of various treatments, medicinal and otherwise, has received limited 

study to date, and these results suggest that broader evaluation of the range of potential 

impacts on the gut microbiota is warranted. Further investigation is warranted to determine 

key differences between the ACF and LTCF that lead to such differences in the intestinal 

microbiota of elderly individuals. It would also be beneficial to assess whether the changes to 

the intestinal microbiota occur soon after admission or are shaped gradually by varying 

exposures.  

 Changes in the intestinal microbiota due to CDI have been characterized. Among 

asymptomatic carriers, these changes have not been investigated. This is the first known study 

(Chapter 3) to assess the relationship between C. difficile colonization on the intestinal 

microbiota. Given what is known about the association of CDI and the intestinal microbiota, it is 

not unreasonable to suspect that the intestinal microbiota would differ between individuals 

colonized with C. difficile and individuals that are not colonized with C. difficile. Surprisingly, a 

significant change in diversity, richness, evenness, community structure, or community 
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membership was not observed between groups (Chapter 3). While there were no significant 

differences in the relative abundances of microbes at the phyla, class, and order levels, there 

were significant changes at the family and genus level (Chapter 3). Among those that were not 

colonized with C. difficile, the changes in relative abundance favoured an increase in 

commensal microbes, such as Roseburia (Chapter 3). The greater relative abundance of 

Roseburia in elderly individuals not shedding C. difficile is an interesting find. Roseburia is one of 

many commensal bacteria involved in the production of butyrate; a major energy source for 

enterocytes, which has also been characterized to have anti-inflammatory properties (Biagi et 

al., 2010; Bien et al., 2012). A study by Biagi et al. (2010) characterizing the microbiotas of 

elderly and centenarian individuals notes an overall reduction of several butyrate producers 

with age, including Roseburia (Biagi et al., 2010). This study (Chapter 3) did not analyse 

differences in microbiotas based on age. Thus the greater relative abundance of Roseburia in 

this population were reflective of this population, and any observed increase among those not 

colonized with C. difficile was only relative to those that were. Individuals colonized with C. 

difficile were observed to have an increase in the relative abundance of Enterococcus microbes 

(Chapter 3), which have been hypothesized to represent an early event in the physio-

pathological cascade leading to loss of C. difficile colonization resistance. The reason for the 

observed alterations (Chapter 3) remain unclear, but there are several possibilities that serve as 

potential avenues for future studies. In this study (Chapter 3), relevant changes involved limited 

taxa rather than the broad microbiota. In the presence of C. difficile colonization, associated 

changes in the gut microbiota may not be reflected in feces. It is also possible that the changes 

to the gut microbiota that may be associated with C. difficile colonization are very subtle, and 
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difficult to discern with the approach used in this study (Chapter 3). Finally, if C. difficile 

colonization in this study (Chapter 3) was not true colonization but merely transient passage, 

then the anticipated changes to the gut microbiota due to C. difficile colonization may not have 

occurred.   

It has been suggested that susceptibility to C. difficile infection and recurrences results 

partly from inability of the intestinal microbiota to resist C. difficile colonization (Bien et al., 

2013; Miliani et al., 2014). However, in this study (Chapter 2 and 3) there was a high prevalence 

of C. difficile colonization, the vast majority of which were with toxigenic strains, and a 

comparatively low incidence of CDI. These findings naturally lead to the question of what is 

preventing toxigenic strains from causing symptomatic illness. It is known that certain intestinal 

Lactobacillus species appear to inhibit proliferation of C. difficile (Naber et al., 2004), although 

whether this is relevant in vivo remains to be determined. Several bacteria from the Firmicutes 

phylum, such as Blautia, Eubacterium, and Ruminococcus, are involved in the production of 

butyrate, a major energy source for enterocytes which has also been characterized to have anti-

inflammatory properties (Biagi et al., 2010; Bien et al., 2012). Therefore, it is not unreasonable 

to expect to see an increased relative abundance of such microbes in the intestinal microbiota 

of colonized individuals. However, this was not the case in this study (Chapter 3). It is also 

possible that what has been identified in this study as colonization with C. difficile is actually 

detection of C. difficile passing through transiently.  

While the attempt to maintain homogeneity between studied groups was made, it was 

not completely possible to have sufficient representation without inclusion of the other risk 

factors investigated. The complex patient population with varying drug and environmental 
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exposures may have resulted in interactions that were reflected in the changes to the intestinal 

microbiota. These findings and limitations highlight the importance of further investigation on 

the role of colonization C. difficile in health and disease states 

4.0 Limitations  

These studies (Chapters 2 and 3) have several limitations to consider. In Chapter 2, 

Samples were obtained from a single ACF and LTCF in Southern Ontario. Additionally, the ACF in 

this study is not truly reflective of other ACFs in Ontario, as admission and length of stay data 

clearly show that it is more complex continuing care rather than acute in nature. Further study 

is needed in additional facilities to better represent these elderly populations.  

Samples were collected by several health care providers across both facilities. The 

method of sampling is known to have varied between patients depending on their cognitive 

status and could have introduced unintentional bias. Sampling was also conducted once per 

individual; at the beginning of the study, or upon admission to the ACF or LTCF. A large 

proportion of samples were taken at admission, and as such the variances in ribotyping may be 

less reflective of the institution and more reflective of strains circulating in the community. 

More importantly, the question of transient shedding versus true colonization could not be 

addressed and is an area for future study. Risk factor collection was performed retrospectively, 

a method of data collection that may introduce unintentional bias and also limit the ability to 

assess temporal relationships. The surrounding patient environment was not sampled in this 

study and thus represents another area for future investigation. Samples were only taken once 

per individual, raising the question whether alterations in the gut microbiota were a cause or 

consequence of PPI and/or antibiotic use. Furthermore, the study population (Chapter 3) 
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represents a complex patient population with varying exposures. This aspect complicates 

independent assessment of the role of PPIs and antibiotics on the gut microbiota. Interactions 

between drugs and other variables may also confound the analysis. The impact of diet was not 

taken into account in this study, and thus its effect on the microbiota in conjunction or 

opposition to the factors studied cannot be assessed.  

5.0 Conclusion 

Despite a low incidence of CDI, C. difficile colonization by elderly ACF and LTCF residents 

was common (Chapter 2). The association of C. difficile colonization with PPI use provides 

further evidence of the potential importance of this commonly used drug class in C. difficile 

colonization. The work conducted in this thesis raises the issue of multiple unidentified routes 

of C .difficile acquisition, as indicated by the high genetic variability of isolates. C. difficile 

colonization remains a complex and challenging issue that requires further study. 

Epidemiological features vary between groups and study settings, and implications in 

development of CDI remain unclear. Given the transmission potential of C. difficile colonized 

individuals, heightened infection control practices, normally reserved for instances of CDI, could 

be targeted at individuals at higher risk of C. difficile colonization.  

In Chapter 3, the effects of several factors commonly associated with intestinal 

microbiota alterations was not clearly evident. PPI use, antibiotics, ACF of LTCF stay, and C. 

difficile colonization appeared to have no impact on gut microbiota diversity or evenness. A 

decrease in richness was observed with PPI exposure, while an increase was observed in 

individuals in the ACF. In terms of broad taxonomy, few changes were seen, however genus was 

affected by both facility and C. difficile colonization. PPI use and facility appeared to have a 
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greater impact on the composition and structure, while antibiotic use and C. difficile 

colonization resulted in more subtle alterations. The changes identified in this study group, 

such as an increase in Proteobacteria with PPI use, might better shape healthcare approaches 

in elderly, serving as indicators of health as well as aid in development of novel bacterial 

therapies.   
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