
An ecological snapshot of Clostridioides difficile:
characterizing genetic diversity of C. difficile

within Banner-University Medical Center Phoenix

Item Type text; Electronic Thesis; Poster

Authors Brussels, Aaron

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the College of Medicine - Phoenix, University
of Arizona. Further transmission, reproduction or presentation
(such as public display or performance) of protected items is
prohibited except with permission of the author.

Download date 24/05/2023 20:40:34

Item License http://rightsstatements.org/vocab/InC/1.0/

Link to Item http://hdl.handle.net/10150/641594

http://rightsstatements.org/vocab/InC/1.0/
http://hdl.handle.net/10150/641594


  

 

 

 

AN ECOLOGIICAL SNAPSHOT OF CLOSTRIDIOIDES DIFFICILE: CHARACTERIZING GENETIC 

DIVERSITY OF C. DIFFICILE WITHIN BANNER-UNIVERSITY MEDICAL CENTER PHOENIX 

By 

Aaron R. Brussels, B.S1., Gayatri Vedantam, Ph.D2, 3, 4, 5 

 
 
 

_________________________ 
 
 
 
 

A Thesis Submitted to the University of Arizona  
College of Medicine-Phoenix 

 
In Partial Fulfillment of the Doctorate of Medicine Degree 

 
THE UNIVERSITY OF ARIZONA 

 
M A R C H   2 0 2 0 

 
 
 
 
 
 
 
 
 
 
 
 

1MS4, University of Arizona College of Medicine, Phoenix, 2School of Animal and Comparative Biomedical Sciences, 3Department of 
Immunobiology, 4BIO5 Institute, University of Arizona, Tucson, AZ, 5Southern Arizona VA Healthcare System, Tucson, AZ.  
Conflict of interest declaration: we have no conflicts of interest to disclose.  



 2 

ABSTRACT 

RATIONALE: The genetic diversity of Clostridioides difficile within hospitals is known to vary 

geographically: the C. difficile ecology within Banner-University Medical Center Phoenix (BUMCP) 

is uncharacterized.  

METHODS: A laboratory-based surveillance study design was used unique to-be-discarded stool 

samples testing positive for C. difficile infection (CDI) at BUMCP per their existing testing protocol 

were collected and banked over a 16 month period. Each deidentified sample underwent 

selection and culture before being prepared for and subjected to capillary PCR in order to 

determine genetic type (ribotype) of each offending strain of C. difficile.  

RESULTS: A total of 267 samples met inclusion criteria for this study; 225 were successfully 

genetically typed, and 83 unique ribotypes were identified. 17 ribotypes (20.5%) are responsible 

for 60.5% of all typeable cases of CDI during the study period, while 43 strains (51.8%) were each 

represented by only one case (15.1% of typeable cases) and another 23 strains (27.7%) were 

represented by two cases (20.4% of typable cases).  

CONCLUSIONS: There is an uneven distribution of disease burden relative to ribotype. This 

finding is consistent with similar investigations in other geographies. The highest burdens of 

disease are attributable to ribotypes 027, 106 and 176—all well-documented hypervirulent 

outbreak associated strains. 
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Introduction 

 Clostridioides difficile is the most common etiologic agent of antibiotic-associated 

diarrhea, and is responsible for over 400,000 cases of nosocomial infections annually in the USA. 

C. difficile infection (CDI) also accounts for an estimated financial burden greater than $5 billion 

on the U.S. healthcare system annually [1]. While hospitalization and the use of antibiotics are 

two primary risk factors, there have been an increasing number of reports detailing CDI not 

associated with either of these risks [2 3].  Since the year 2000, focus on in-hospital cases of CDI 

has revolved around emerging hypervirulent C. difficile variant strains, most notably the 

synonymous polymerase chain reaction (PCR) ribotype 027/restriction endonuclease analysis 

type BI/North American Pulse-field type NAP1 ; though the factors contributing to C. difficile 

hypervirulence are not yet fully defined [1 4-6]. 

 In light of these suspect few outbreak-associated strains, C. difficile is a genetically diverse 

species with multiple phylogenetic types associated with CDI. Furthermore, the genetic diversity 

of C. difficile is known to vary geographically and has been investigated on the international, 

state, region and hospital levels   [7 8]. Virulence factors such as antibiotic resistance, toxigenicity 

and sporulation vary among genetic types and are expected to contribute to differences in 

pathogenicity among strains, and risk factors associated with CDI may be correlated with genetic 

type as well [5 9]. 

 Appreciating local C. difficile genetic diversity is an important step in understanding the 

role that CDI plays in healthcare delivery on a systems level. CDI is designated as a Hospital-

Acquired Condition (HAC) by the Centers for Medicare & Medicaid Services (CMS), who in turn 

establish guidelines and reimbursement protocols that seek to minimize HACs in participating 
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hospitals. Understanding C. difficile genetic diversity and how it relates to CDI risk factors, 

incidence and prevalence within a hospital setting is therefore integral to maintaining and 

improving these practices. 

 Characterizing genetic diversity of C. difficile within a particular healthcare setting helps 

to improve care and coordinate infection control efforts. In 1994 Pear and colleagues published 

a report in the Annals of Internal Medicine on a CDI outbreak at the Southern Arizona Veterans 

Affairs Health Care System (SAVAHCS) from July 1990 through July 1991. They found that a single 

molecular type of C. difficile (REA type J7, Ribotype 001) accounted for the majority of outbreak 

cases. They also determined that the J7 type was resistant to clindamycin and most of the new 

CDI cases were associated with clindamycin use, a trend now supported in broader 

epidemiological studies across the world [10 11]. This information was used to formulate an 

infection control plan, including restriction of clindamycin use, which resulted in a decrease in 

the number of new cases of CDI at SAVAHCS, as well as a decrease in the incidence of the J7 type 

strain seen during the outbreak. These findings highlighted not only the history of C. difficile 

infection at SAVAHCS at the time, but also underscored the importance of exploring relationships 

between pathogen and clinical syndrome to improve treatment outcomes.  

 

Objectives 

 Since the Pear study, there have been no other comprehensive CDI surveillance efforts in 

Arizona hospitals until 2015, when Dr. Gayatri Vedantam’s research group began a prospective 

study at Banner-University Medical Center Tucson. This study serves to characterize the genetic 
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diversity of C. difficile at the Banner-University Medical Center Phoenix (BUMCP) in a similar 

fashion and will be the first to do so.  

 

Methods 

 A laboratory-based surveillance study design was selected to characterize C. difficile 

ecology within the BUMCP system. With the background knowledge that the BUMCP clinical 

microbiology laboratory typically sees 3-5 new cases of laboratory-confirmed CDI weekly, the 

study was designed to take place over a 16 month interval so that greater than 200 clinical stool 

samples could be included in the study for internal validity. The study was purely observational 

in design, and clinical stool samples were completely de-identified prior to inclusion to comply 

with the institutional review board’s granted exemption of human subjects research. 

 The clinical microbiology laboratory at BUMCP employs a standard CDI screening protocol 

using rapid immunoassay to detect the presence of housekeeping enzyme glutamate 

dehydrogenase (GDH) and C. difficile toxins A and B (TcdA, TcdB) within dilute clinical  stool 

samples. Samples submitted without suspicion of recurrent CDI and with results indicating GDH+ 

and TcdA/B +/- were considered eligible for this study. From May 15th, 2017 to October 15th, 

2018, every eligible sample was completely de-identified, aliquoted into a sterile freezer vial, 

labeled with a unique study identification number and stored in a secure box within a -80ºC 

freezer in the BUMCP clinical microbiology laboratory. Every 4-8 weeks, all available samples 

were shipped frozen via a secure courier service to Tucson, AZ for isolation, culturing and genetic 

analysis. 
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 All laboratory positive specimens were inoculated on taurocholate cycloserine, cefoxitin, 

fructose agar (TCCFA) plates  to select for C. difficile and cultured anaerobically. C. difficile 

colonies were then isolated and identified by morphology and gram stain. Total genomic DNA 

was obtained from all isolated bacteria via standard alkaline lysis methodologies and purified 

using over silica matrices. Pure DNA was used for molecular studies. All isolates were subjected 

to phylogenetic typing—hereby ribotyping—to precisely identify the molecular clade or type of 

the offending strain. A fully-automated capillary electrophoresis-based PCR system was used to 

analyze 16s-23s intergenic spacer region variations in each isolate. Hypervirulent strains of C. 

difficile exhibit a characteristic banding pattern amendable to reliable classification. Results were 

correlated with a private C. difficile reference strain database housed in Dr. Vedantam’s 

laboratory and subsequently analyzed by electronic comparison with the standardized 

international master database Webribo (http://webribo.ages.at). This database is housed and 

maintained by the Austrian Agency for Health and Food Safety (AGES), which is in turn owned by 

the Austrian Federal Ministry of Labour, Social Affairs, Health and Consumer Protection. 

 

Results 

 Over the 16 month study period, 267 clinical stool samples were determined to be eligible 

for inclusion in this study. C. difficile could not be isolated from 19 samples (7.1% overall). 

Another 19 samples (7.1% overall) failed the capillary PCR process. 4 samples (1.5% overall) could 

not be reliably classified during analysis. A total of 225 samples (84.3% overall) were successfully 

genetically typed (Figure 1). 
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Figure 1: All ribotypes detected and their incidence 
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 83 unique ribotypes were identified among the 225 successfully typed clinical samples. 

The most commonly detected ribotype was 027, represented by 36 identified samples (16.0% of 

all typed). Other outbreak-associated ribotypes 106 and 176 were less common with 21 (9.3% of 

all typed) and 11 (4.9% of all typed) samples identified, respectively. 30.2% of all cases of CDI 

diagnosed by the BUMCP clinical microbiology laboratory over the study period were caused by 

these 3 ribotypes. 

 The 83 ribotypes were then sorted into bins based on the incidence of disease per distinct 

ribotype. Most distinct ribotypes identified in this study were detected at very low incidence. 43 

unique ribotypes are represented by only one sample over the study period (43 samples, or 

19.1% of all samples typed). Another 23 ribotypes are represented by only two samples (46 

samples, or 20.4% of all samples typed). The remaining 17 unique ribotypes are represented by 

three or more samples (136 samples, or 60.4% of all typed) (Figure 2).  

 

Figure 2: Distribution of ribotypes relative to burden of disease 
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Discussion 

 Though 68 cases (30.2% of all typed samples) of CDI at BUMCP are caused by three 

outbreak-associated ribotypes—027, 106 and 176—a remarkably diverse array of C. difficile 

ribotypes was detected. The majority of distinct ribotypes identified over the course of the study 

contributes to a low overall burden of disease: 43 of 83 ribotypes (51.8%) were responsible for 

only one case each, or 19.1% of all cases attributable to a typeable sample. The variety detected 

is unsurprising however, as previous studies have demonstrated that many hospitals have 

comparable genetic diversity of C. difficile. Researchers in the UK performed genomic analyses 

and a complimentary retrospective study on CDI cases over a five-year period to determine 

relatedness of all cases and construct a genealogical timeline of infection. The authors found that 

for all but 1 cluster of cases, only 19% of strains shared a common ancestor and 45% of strains 

were unrelated [12]. This degree of genetic variability is relatively consistent with our findings 

and those of other investigators [13]. 

 This study found that 66 of 83 identified ribotypes (79.5%) were responsible for 2 or fewer 

clinical cases and 89 (39.5%) CDI cases attributable to a typeable sample. Such a discrepancy 

between genetic diversity and disease burden raises the question of the mechanics underlying C. 

difficile transmission both within and outside of BUMCP. CDI is subclassified as community-

acquired (CA-CDI) and hospital-acquired (HA-CDI) disease, defined by emergence of symptoms 

and positive diagnostic workup before or after 72 hours in-hospital respectively [14]. Hospitals 

must distinguish between the two so that they may tailor their infection control practices and 

optimize CMS compliance. Acquisition of HA-CDI is believed to come one of two ways: patients 
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are either infected in the hospital setting de novo, or they arrive asymptomatically colonized and 

progress to clinically significant disease after any number of insults, most notably 

immunosuppressive or antibiotic therapy.  Literature on C. difficile colonization demonstrates 

heterogeneous prevalence and unclear clinical significance across variable health systems, 

populations and geographic location [14].  

 Today, there is growing acceptance that acquisition, transmission and carriage of C. 

difficile are occurring both within and outside of the healthcare setting, and the bulk of patients 

only progress to clinical disease during admission rather than acquiring strains and developing 

CDI during their stay [15]. This raises questions regarding the innocence of healthcare institutions 

when considering cases of CA-CDI. Studies have found increased risk for CA-CDI associated with 

antibiotics, acid-suppression therapy recent hospitalization, contact with infants, and exposure 

to fluoroquinolones and clindamycin [7 11]. A 2013 multi-state population-based study assessed 

risk of CA-CDI and previous exposure to healthcare interventions. Investigators found that 64% 

of all so-labeled CA-CDI patients had antibiotic exposure in the preceding 12 weeks. Of the 

remaining patients, 31% had PPI exposure over the same interval. Of all patients in the study, 

40.7% reported having a low level of outpatient healthcare exposure and 18% reported no 

exposure at all [16].  

 These findings challenge the notion that CA-CDI and HA-CDI are truly distinct elements, 

and further delineation may be useful in addressing prevention strategies on the hospital level. 

While our study did not access chart data or discriminate between these two presentations, 

future investigation may identify an association between genetic type and colonization, 

recurrence or presentation in our study population.  
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 Previous investigations have demonstrated that different genetic types of C. difficile 

possess different virulence factors in animal models, including toxin production, adhesion to 

colonic epithelium and sporulation [5 6 17]. It is in the realm of possibility that genetic type could 

be associated with risk factors, disease presentation and recurrence in hospitals and the 

community. One population-based study performed in Minnesota from 1995-2005 

demonstrated increasing rates of CA-CDI and showed that CA-CDI patients were more likely to 

be younger, female, and had fewer comorbidities than those diagnosed with HA-CDI [18]. A 2011 

population-based study conducted over multiple regions in the US found that the proportion of 

CA-CDI varied geographically from 21%-53% of all CDI cases and that CA-CDI patients were more 

likely to be older than 65, white and female [13]. Preliminary data from our sister study at Banner-

University Medical Center-Tucson has already demonstrated that CDI caused by one specific 

strain is more closely associated with in-hospital acute kidney injury than CDI caused by other 

ribotypes. Once more, further retrospective analysis using this data set could help correlate 

genetic type and clinical variance. 

 Rapid and appropriate diagnosis of CDI is critical to successfully treating and preventing 

disease. C. difficile isolates are of two phylogenetic lineages – those that produce toxins and are 

virulent (toxigenic) and those that do not and are avirulent (non-toxigenic).  Toxigenic strains 

produce one or both of two large toxins TcdA (or “toxin A”) and TcdB (or “toxin B”) that kill host-

cells via inactivation of signaling pathways leading to cytoskeletal disorganization [6 19]. In the 

diagnostic laboratory, a combined TcdA/B enzyme-linked immunosorbent assay test or a tcdA/B 

nucleic acid amplification test (NAAT) is routinely used to detect either toxin or toxin genes 

respectively from stool samples. While the tests are rapid, the former is not particularly sensitive 
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and the latter is more expensive, and is fraught with the possibility that toxin genes are indeed 

present but the toxin proteins may not be expressed [20]. Differing protocols are utilized in 

different labs with the ultimate goal of correctly diagnosing CDI early, but the variable expression 

of virulence factors among ribotypes poses a problem with uniform testing protocols. A more 

comprehensive understanding of genetic variability in the hospital setting as it correlates to 

disease could be helpful in adapting more efficient and effective testing and prevention 

protocols.  

 With the large number of one-off ribotypes we detected in BUMCP’s C. difficile 

ecosystem, there is a question as to how such varied strains are being introduced into the hospital 

setting. One study by Donskey et al. shows that there is a high rate of carriage in long-term care 

facilities (LTCFs) and that acute-care admissions serve as a major mechanism of C. difficile 

transmission into hospitals [21]. A growing body of literature focusing on colonization could 

provide an additional explanation as to how C. difficile genetic diversity changes among hospitals. 

Studies have shown that many patients—especially those having received hematopoietic stem 

cell transplants—are more likely to be transiently and asymptomatically colonized at the time of 

admission often progress to frank CDI during their hospital courses [22 23]. Community 

transmission is also speculated to be associated with environmental and industrial factors, 

including proximity to livestock farms, retail food supply, companion animals and cohabitation 

with at-risk individuals [24-29]. Future investigation could help tease out spatial and temporal 

relationships of genetically linked cases in the BUMCP setting, as well as search for geographic or 

social risk factors associated with CDI in our study population. 
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Conclusion 

 Investigation of C. difficile genetic diversity at Banner-University Medical Center-Phoenix 

over 16 a month period has attributed a moderate number of CDI cases to a select few outbreak-

associated strains, and many more to a broad array of strains not historically associated with 

outbreaks.  Additional retrospective investigation could potentially identify CDI risk factors 

unique to different genetic types, as well as evaluate current infection control protocols within 

this institution. Further understanding of CDI at BUMCP could help tailor practices to improve 

patient care and safety and more comprehensively assess compliance with programs set in place 

by the CMS. 
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