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Abstract 

Clostrioides difficile is a common cause of nosocomial (hospital-acquired) infections. 

Patients receiving antibiotic treatment experience dysbiosis of gut microbiota, and C. difficile, 

normally held in check by the various other organisms, takes this opportunity to propagate. 

Symptoms of infection generally include diarrhea, colitis, dehydration, and fever. Understanding 

that C. difficile generally only causes illness when it is the dominant bacterium (i.e. when growth 

is relatively unchecked by other microbes), it is appropriate to investigate potential competitive 

organisms that may be introduced after antibiotic courses or during active C. difficile infection to 

effectively displace it. Fecal samples from the University of Central Florida Lift fecal collection 

station were aseptically plated onto modified cycloserine cefoxitin fructose agar (CCFA). 

Visually remarkable colonies (certain colonies that looked unique in comparison to others) were 

restreaked on new plates of the same media to verify growth, then transferred to brain heart 

infusion-supplemented (BHIS) plates for propagation. Colonies were inoculated in glycerol 

stocks for storage, then grown in BHIS liquid media to prepare for identification. Genomic 

extraction was performed on each sample, and spectrophotometric quantification and gel 

electrophoresis were executed to confirm successful extraction. Genomic samples will be sent to 

an external laboratory for identification via polymerase chain reaction and Sanger sequencing.  

We hypothesize that at least one bacterial strain from the fecal collection station will 

potentially inhibit C. difficile infection. Should such an organism be identified, it follows that the 

efficacy of its application in conventional hospital settings may be examined. Current regulation 

of fecal microbiota transplants, an effective therapeutic practice, is cumbersome, and changing the 

classification of fecal transplants may improve timeliness and effectiveness of treatment.  
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Introduction 

1.1 Clostridioides difficile 

Clostridioides difficile (formerly Clostridium) is a Gram-positive, anaerobic, sporogenic 

bacteria that is a common cause of nosocomial (hospital-acquired) infections and is in fact the 

leading cause of antibiotic-associated diarrhea, comprising up to 25% of such cases (Barbut & 

Petit, 2001). C. difficile is also responsible for the vast majority of cases of pseudomembranous 

colitis (Barbut & Petit, 2001). Found in approximately 5% of adults, C. difficile spreads through 

fecal excretion of spores and subsequent oral ingestion (Czepiel et al., 2019).  

1.2 Pathogenesis & Current Treatment 

Antibiotic treatment generally disrupts the gut microbiota, allowing C. difficile to 

dominate, hence its frequency as a cause of nosocomial infections (Theriot & Young, 2015). 

Antibiotics effectively rid the gut of most of its existing commensal microbiota, yet the hardy 

spores of C. difficile persevere; they then germinate and become among the first to recolonize the 

bountiful, competition-free environment (Theriot & Young, 2015). C. difficile may also be 

introduced following antibiotic treatment. The bacterium releases two toxins (A and B) that cause 

a range of symptoms in the host, most notably colitis and diarrhea (Darkoh et al., 2017). Most 

current treatments for this illness focus on eliminating C. difficile with further antimicrobial 

(antibiotic) mechanisms that collaterally weaken the host (Darkoh et al., 2017).  
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1.3 History & Trends 

C. difficile was first isolated from the stool of an infant in 1935; the species name stems

from its difficulty in culture and isolation (Heinlen & Ballard, 2010). In 1978, it was found to be 

associated with human disease and responsible for antibiotic-associated diarrhea (Heinlen & 

Ballard, 2010). In the past decade, C. difficile infection (CDI) has increased in both frequency and 

severity, rendering it one of the most common and troublesome nosocomial microbes (Czepiel et 

al., 2019). Nearly half a million cases of CDI are reported in the United States each year, and the 

number of annual CDI-associated deaths ranges between 15,000–30,000, despite a recent uptick 

in attention and research (Fu et al., 2021).  

The >65 age bracket is at significant risk, as symptoms are likely to be stronger and patients 

are more likely to experience poor outcomes such as death (Czepiel et al., 2019). This risk is 

compounded by the fact that this age bracket is more likely to spend time in locations that are 

hotspots for infection, such as hospitals and nursing homes (Schäffler & Breitrück, 2018). 

However, CDI affects and remains a concern for all age brackets (Czepiel et al., 2019).  

1.4 Nutrients 

Gut inflammation caused by C. difficile triggers the host to produce nutrients to stimulate 

recovery; C. difficile consumes these nutrients and utilizes them to further proliferate (Pruss & 

Sonnenburg, 2021). Nutrients known to be present during or induced by gut inflammation include 

the amino acids cysteine, isoleucine, leucine, proline, tryptophan, and valine and carbon sources 

fructose, glucose, mannitol, sorbitol, and sialic acids (Theriot & Young, 2015). The compound 

trehalose is regarded to enhance the virulence of C. difficile (Collins et al., 2018). Further, recent 
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research indicates the likelihood of C. difficile utilizing uric acid in its growth (Kasahara et al., 

2023). 

1.5 Objectives & Hypothesis 

This project aims to develop a potential new treatment option by identifying at least one 

competitive organism that consumes the same nutrients as C. difficile but is non-toxigenic. If such 

a microbe could outcompete and essentially starve out C. difficile for these nutrients in a replicative 

environment, it may do the same in a human host. If the competitive microbe produces no toxin, 

then the host may then experience little to no adverse effect. This is the basis of fecal microbiota 

transplants; the project aims to identify individual species that may perform well when utilizing 

this treatment method. We hypothesize that at least one bacterial sample collected from the UCF 

Lift fecal collection station will show potential to inhibit C. difficile infection when incorporated 

into fecal microbiota transplants. 

1.6 Fecal Microbiota Transplants 

Nosocomial Clostridioides difficile infection is a rising concern in American healthcare, 

and many alternatives to typical antibiotic courses have been proposed, studied, and implemented. 

But perhaps existing infection mitigation practices could be better applied: at one urban North 

Carolina hospital, only 11% of staff followed contact precaution policies in observational studies 

(Davies & Jolles, 2022). The growing concern of pathogenic bacteria resistant to antimicrobial 

treatment suggests, according to one source, a clear need for antibiotic stewardship: measures to 

ensure rational antibiotic treatment based on appropriate drug selection, duration, and route of 
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administration (Kolář, 2022). Another source indicates that this trend warrants consideration of 

non-antibiotic solutions to bacterial infections (Opal, 2016). 

One such solution involves probiotics, which have been shown to exhibit promising effects 

in preventing C. difficile-associated diarrhea and are safe and tolerable (Al Sharaby et al., 2022). 

Probiotics can, in fact, be used alongside antibiotics in treatment regimens, and C. difficile colitis 

rates have been shown to be reduced when this treatment method is administered in certain 

populations (Tegegne & Kebede, 2022). Fecal microbiota transplants are commonly performed to 

introduce probiotics and have shown to be effective in treating recurrent CDI. In one study, 39 

patients with recurrent CDI received a fecal microbiota transplant; 89.7% were successful based 

on negative toxin testing & culture results 3 months after application (Yeh et al., 2022). Fecal 

microbiota transplantation is a developing treatment mechanism, and efforts are made to maintain 

reasonable costs. For instance, application of frozen stool from universal donors reduces expenses 

to the stool recipient and shortens wait times between development of this treatment plan and the 

actual infusion (Kim & Gluck, 2019). In addition to treating C. difficile infection, fecal microbiota 

transplants may well be useful in treating other gut-related conditions such as inflammatory bowel 

disease, obesity, and metabolic syndrome (Gupta et al., 2015). 

Despite the shown benefits of fecal transplants, widespread implementation is hindered by 

a dearth of guidelines and “poorly defined federal regulatory policy” (Vyas, 2015). As of 2015, 

fecal microbiota transplantation is classified as a drug, preventing physicians from applying this 

technique in a timely fashion (Vyas, 2015). Reclassification of fecal transplants as human tissue 

would open the door to more timely and effective transplantation procedures, but it would be 

important to create restrictive guidelines to ensure patient safety (Vyas, 2015). 
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 Methods 

2.1 Research Objectives 

The experiment was designed to isolate and identify candidates to outcompete C. difficile 

in a human host, by collection of samples from fecal matter. The first objective was successful 

isolation, from which six candidates were obtained. The ensuing objectives were species 

identification and analysis of bacterial yield; the former to determine which candidates were and 

were not strains of C. difficile (toxigenic C. difficile transplant would be ill-suited to combat C. 

difficile infection!), the latter to evaluate the candidates’ growth yield compared to a C. difficile 

control. 

2.2 Modified CCFA Plates 

Fecal samples from University of Central Florida Lift fecal collection station were 

collected in order to attempt to identify a C. difficile competitor. These samples were plated onto 

modified cycloserine cefoxitin fructose agar (CCFA); C. difficile is known to grow exceptionally 

well in this media (George et al., 1979). The utility of CCFA as a selective and differential medium 

functions to eliminate any microbes that do not survive in the same conditions as C. difficile, thus 

serving as an initial filter to limit growth and ensure that only desired organisms colonize the 

plates.  

C. difficile forms toxins that lead to inflammation and trigger its host to produce nutrients

in response; the bacterium subsequently ingests these nutrients and multiplies. The objective of 

the experiment is to locate a competitive microbe which can be prescribed to symptomatic patients; 

if a patient is infected with C. difficile, then the corresponding nutrients will be present in the 
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environment at the time of introduction of the prospective microbe. Therefore, plates were made 

with an excess of certain compounds that C. difficile is known or speculated to consume.  

The agar contained the standard ingredients of CCFA media in 1 liter of water: proteose 

peptone (40.0g), fructose (6.0g), disodium phosphate (5.0g), sodium chloride (2.0g), 

monopotassium phosphate (1.0g), magnesium chloride (0.1g), neutral red (0.03g), cycloserine 

(250.0mg), cefoxitin (16.0mg), and agar (20.0g). In addition, the agar contained the following 

nutrients at a concentration of 10 mM: amino acids L-cysteine, L-isoleucine, L-leucine, L-proline, 

L-tryptophan, and L-valine; carbon sources fructose, trehalose, glucose, mannitol, sorbitol, and

sialic acids; and uric acid, a purine product. 

2.3 Isolation of Samples 

After production of plates with these nutrients, five were set aside for initial application of 

fecal samples in an anaerobic chamber (~1% H2, ~5% CO2, balanced with N2), within which the 

following steps were completed. To solicit initial differentiation of bacterial colonies, samples 

were aseptically plated onto the modified CCFA recipe with nutrients included and grown at 37o 

C for 72 hours. Following the initial growth period, the plates were inspected. Eight of the most 

visually remarkable colonies across each plate were re-streaked onto the modified CCFA and 

incubated as before to verify growth; seven of these colonies showed substantial growth. 

After the subsequent three-day growth period, the remaining seven re-streaked colonies 

were incubated on BHIS plates for 24 hours at 37°C, encouraging further growth. BHIS is 

composed of 37 g/L brain heart infusion supplemented with 5 g/L yeast extract and 0.1% L-

cysteine. Single colonies were then transferred to 5mL BHIS liquid media (overnights), incubated 

in the same conditions as the previous step. Six of seven colonies exhibited growth in liquid media; 
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the seventh was excluded from future steps due to lack of growth. Equal parts of the overnight and 

50% glycerol were mixed to form a 25% glycerol stock of each isolate; these six stocks were 

cataloged and saved for future studies via freezing at −80°C. Samples were sourced from the six 

stocks in the following identification and analysis procedures. 

2.4 Identification of Samples 

Step 1. Genomic preparation 

Each isolate was streaked out from glycerol stocks onto individual BHIS plates, and 

incubated for 24 hours in the anaerobic chamber at 37°C. The next day, overnights of each isolate 

were made by inoculating one colony in separate 5mL BHIS liquid media. These were incubated 

in the same conditions as the previous step, for subsequent genomic purification adapted from 

“Gram-Positive Bacteria DNA Purification Protocol” from the GeneJET Genomic DNA 

Purification Kit by ThermoFisher Scientific. Overnight cultures were added to 1.7mL 

microcentrifuge tubes by pipetting 1.5mL of culture into an empty tube (C. difficile R20291 used 

as a control). 

Samples were centrifuged for 10 minutes at 5,000 ✕ g and the supernatant discarded. 

Pellets were resuspended with 180μl of lysis buffer, and incubated at 37°C for 30 minutes. 200μl 

of lysis solution and 20μl of proteinase K were added, then mixed thoroughly by vortexing. 

Samples were incubated in a water bath for 30 minutes at 56°C, mixed every 10 minutes. 20μl of 

RNAse A was added to each sample and mixed by vortexing, then incubated for 10 minutes at 

room temperature. 400μl of 50% ethanol solution was added to each sample and mixed thoroughly. 

The lysates were transferred to the GeneJET Genomic DNA Purification Column, inserted 

in collection tubes, and centrifuged for 1 minute at 6000 ✕ g. Columns were placed into new 2mL 
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collection tubes, and the old tubes were discarded. 500μl of Wash Buffer I (with ethanol added) 

was pipetted around the rim of the collection tube, then samples were centrifuged for 3 minutes at 

8000 ✕ g and the flow-through was discarded. 500μl of Wash Buffer II was added directly into 

the tubes and centrifuged for 3 minutes at max speed. Flow-through was discarded, then the tubes 

were spun for 1 minute at maximum speed to remove all residual solution. 

Each column (sample) was transferred directly into a new, sterile 1.5mL microcentrifuge 

tube, and 50μl of elution buffer was added to each, directly on the center of the membrane. The 

samples were then incubated at room temperature for 2 minutes, then centrifuged for 1 minute at 

maximum speed. Eluted samples were recovered from the microcentrifuge tubes and pipetted 

directly on the membrane of the collection tube, then centrifuged for 1 minute at maximum speed; 

this step ensures recovery of as much genomic DNA as possible. The samples were stored in their 

respective microcentrifuge tubes at -20°C until needed, and the purification columns were 

discarded. 

Step 2. Gel electrophoresis 

A 1% agarose gel was prepared by mixing 400 mg of agarose in 40 mL of 1x Tris acetate-

EDTA (TAE) buffer, then microwaved until the agarose was fully dissolved. The solution was 

subsequently cooled at room temperature, then 2μl of ethidium bromide was added and mixed in. 

The gel was poured into a prepared gel cast. As it solidified, samples were prepared for loading: 

3μl of genomic sample was mixed with 2μl of loading dye for each target (6 isolates + C. difficile 

R20291 control). Each of the full 5μl mixtures were loaded into their respective well, and the 

system was ran in 1x TAE buffer for 30 minutes at 100 volts. The gel was subsequently imaged in 

a Bio-Rad ChemiDoc XRS+ gel imaging system and the resulting image downloaded. 
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Step 3. DNA quantification via spectrophotometry 

Eluted samples were recovered for concentration quantification on a NanoDrop 

spectrophotometer, measuring absorbance at 260nm. Resulting concentrations were recorded to 

estimate DNA concentration to ensure samples are within an appropriate range for genome 

sequencing. 

Step 4. Genomic sequencing & identification 

After isolation of genomic DNA—confirmed by gel electrophoresis and quantification via 

spectrophotometry—samples are sequenced after amplification by Polymerase Chain Reaction to 

determine the genus and species. This step will be completed by an external laboratory, and results 

are forthcoming at the time of thesis completion. 

2.5 Analysis of growth yield 

Each of six isolates, along with a C. difficile R20291 control, were incubated to compare 

yields across three replicates. Samples were collected from glycerol stocks and inoculated into 

1mL BHIS liquid media tubes, with 1 loopful per tube. Triplicates of each isolate —labeled A, B, 

and C—were performed, for a total of 21 tubes (6 isolates + C. difficile control). Tubes were 

incubated in the anaerobic chamber at 37°C for 24 hours. 

The next day, samples were removed and diluted to a 1:10 sample concentration in BHIS 

broth; this step was performed to ensure accurate measurement by the spectroscopy machine 

(Agilent 8453 UV-visible Spectroscopy System). Optical density was measured at 600 nm 

(OD600) for each tube; two measurements were taken successively for each tube. This step 
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(measuring optical density) was performed to quantify the turbidity of samples, which corresponds 

to the amount of bacteria present. Optical density measurements were then multiplied by 10 to 

reflect the optical density prior to dilution. The process was repeated for three sets of replicates. 

An unpaired (independent samples) two-tailed t-test was performed to compare the mean 

yield for each diluted triplicate against the mean diluted control yield (mean X-A,B,C vs mean 

Control-A,B,C), with df=4 and significance set at p<0.05. The objective is to find specimens that 

grow well in comparison to C. difficile, not necessarily in comparison to each other. Only the first 

measurement for each tube was included in the calculation; the second measurement was taken to 

verify accuracy of the first. This test was performed for each set of replicates (i.e. one t-test for 

each Set 1 sample, separate t-test for Set 2 samples, third t-test for Set 3 samples). 
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Results 

Figure 1. Gel electrophoresis 

Table 1. Spectrophotometry measurements 

Sample Concentration (ng/μl) 

C. difficile R20291 control 85.4 

Sample 1 196.3 

Sample 2 101.8 

Sample 3 119.1 

Sample 4 124.2 

Sample 5 91.3 

Sample 6 123.2 
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Discussion 

 Following initial application of collected samples and restreaking of eight visually 

remarkable colonies, sustained growth was present in six; these six colonies were tested in 

subsequent experiments. Gel electrophoresis visualized notable quantities of DNA across all six 

samples and a C. difficile control. Electrophoresis served only to verify that DNA was present, 

pure, and extracted correctly. This outcome was supported by testing in a NanoDrop 

spectrophotometer. Each of the six experimental samples and control were found to be in an 

acceptable range to be submitted for sequencing and species identification by an external 

laboratory; those results are forthcoming at the time of writing.  

 Experimental samples were compared to controls to determine statistical differences in 

growth yield. Following 24-hour incubation and optical density measurements, unpaired two-

tailed t-tests were performed on each sample versus the control. Statistically significant differences 

from control were observed for four of six samples in the first set: #2, 3, 5, and 6. In the second 

set, statistically significant differences from control were observed for all experimental samples, 

and in the third set, significant differences from control were observed in samples #3, 4, 5, and 6. 

Of course, some or all of the experimental samples may in fact be strains of C. difficile; sequencing 

results should provide more clarity.  

 Samples were diluted in BHIS broth because optical density in undiluted tubes was too 

high to be accurately measured by the spectroscopy machine. In all three sets, each of the 

experimental samples returned a higher mean yield than their corresponding controls, indicating 

that the control did not propagate as bountifully as the others despite being incubated in the same 

conditions. In the first set, the second OD measurement for sample 4B was erroneously skipped; 

this did not affect the t-test because only initial OD measurements were used to calculate figures.  
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 The study may be repeated without addition of nutrients to CCFA agar; those nutrients are 

not necessarily mandatory for the overall success of the experiment or even that step, but were 

included to select for C. difficile-like microbes with similar diets. Further, the number of visually 

remarkable candidates selected for further inspection does not need to be eight; that number was 

chosen to afford a wide range of potential specimens while maintaining manageability. The 

experiment could also be adapted to identify experimental samples prior to yield analysis.  
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Conclusion 

Our experiment yielded six tangible samples, all of which showed a sustained capacity for 

growth. Samples 3, 5, and 6 appear most promising, as they exhibited significantly larger 

propagation compared to C. difficile control in growth yield trials. Future research will include 

identification of our six collected samples; if any or all are not C. difficile, it may be worthwhile 

to directly test their competitive ability against C. difficile in an in vitro environment replicative 

of the human host. This will precede competition testing in animal environments, then finally in 

human clinical trials. Replicative studies performed in different locations with different initial 

samples may identify many good competitors, with the ultimate aim of incorporation into non-

antibiotic treatment plans. 

Fecal microbiota transplants have shown to be successful in clinical studies, but are 

hindered by a burdensome federal regulation. Reclassification as a human tissue would expand 

this avenue of treatment, given measures to ensure safety and effectiveness are implemented. This 

project aims to identify a competitive microbe that may be assimilated into fecal microbiota 

transplants, providing more specificity to this treatment mechanism. Rather than simply 

transplanting general stool samples, addition of a known competitive organism to the sample 

would provide greater assurance that an appropriate microbe will be introduced to the patient.  
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