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ABSTRACT 
 

CHARACTERIZATION OF THE HUMAN GUT MICROBIOTA METABOLITE PROFILE IN 

AUTISM SPECTRUM DISORDER 

 

Erin Elizabeth Bolte 

University of Guelph, 2015 

Advisor: 

Dr. Emma Allen-Vercoe 

 

 

The human gut microbiota is an ecosystem of microbes existing in symbiosis with the 

human host. If the microbiota is disrupted, dysbiosis (imbalance) of the component microbes 

could contribute to the etiology of some diseases. One ailment connected to gut dysbiosis is 

Autism Spectrum Disorder (ASD). A subgroup of ASD individuals suffers from gut 

abnormalities, dysbiosis, and abnormal levels of gut-microbial metabolites. To investigate the 

connection between these factors, fecal samples from ASD participants and neurotypical controls 

were analyzed via proton nuclear magnetic resonance, revealing a subgroup of ASD samples 

with abnormal levels of many metabolites. Fecal water samples from this subgroup of ASD 

participants also induced increased interleukin-8 secretion from human colonocytes (Caco-2 

cells) in vitro. The data suggest that the interaction between the gut microbiota and the human 

host is pivotal in understanding the underlying mechanism behind the functioning of the gut 

microbiota and host symptomology in ASD. 
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Chapter 1. INTRODUCTION 

 

1.1 The Human Gastrointestinal Microbiota 

The total number of microbial cells living on or in the human body—called the human 

microbiota—is approximately 10
14

, outnumbering human cells in the body by a factor of 10 

(Bäckhed et al. 2005). When the entire human population is taken into consideration, there are 

up to 1,000 species present in the human microbiota (Qin et al. 2010). The collective genetic 

elements of the microbiota—also referred to as the microbiome—contain at least 100 times as 

many genes as the human genome (Gill et al. 2006). The human microbiota is delineated into 

five regions of colonization: skin, nose, mouth, vagina, and gastrointestinal (GI) tract (Human 

Microbiome Project Consortium 2012); each region is characterized by drastically different 

microbial species compositions. Due to the relationship between the GI tract and the human body 

as a whole, gut microbes are of particular interest for researchers.  

The intestinal microbiota refers to the bionetwork of microbes living in the human GI 

tract. The entire human GI tract has a mucosal surface area of 30 m
2
 (average adult), which is the 

largest host-environment interaction platform of the body (Helander and Fändriks 2014). The gut 

is colonized by hundreds of different microbial species that form a complex ecosystem with a 

mass over 1 kg (Björkstén 2006). The microbiota begins colonizing the gut from birth, and 

rapidly develops until a stable, resilient ecosystem is formed (Leser and Mølbak 2009). Animal 

studies augment our understanding of the gut microbiota’s resistance to perturbation. For 

example, an experiment where 95% of the ruminal (location of extensive microbial fermentation 

in cows) contents of two cows were swapped showed: (1) within 24 hours, pH and volatile fatty 

acid concentrations returned to the original, and (2) the bacterial composition returned within 2-9 
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weeks (Weimer et al. 2010). These data provide evidence for the gut microbiota’s ability to 

oppose change. 

In order to study the human gut microbiota, researchers began by investigating its 

microbial composition. Although the composition of the human gut microbiota is not fully 

elucidated, it is known that Bacteroidetes and Firmicutes spp. are predominant, while 

Actinobacteria and Proteobacteria spp. are present in lower proportions (Human Microbiome 

Project Consortium 2012). Furthermore, diet shapes the microbial composition profile. Adults 

with a carbohydrate-rich diet were shown to have more Prevotella spp., whereas adults with an 

animal-fat/protein-rich diet have more Bacteroides spp. (Wu et al. 2011). Therefore, diet and 

feeding preferences are major modulating components of the human gut microbiota (Mulle et al. 

2013). Although each individual’s “microbial makeup” appears to be unique, researchers have 

seen overlap in the microbial genes, indicating a core microbiome (Turnbaugh et al. 2009). In 

other words, microbial species “collaborate” to form an ecosystem, and behave differently within 

a community than as pure cultures (Flint et al. 2007; Van den Abbeele et al. 2011). This finding 

suggests that research should focus on the function of the microbiota, rather than the strict 

species composition (Clemente et al. 2012). 

 

1.1.1 Biological Processes of the Gut Microbiota 

The gut microbiota performs many roles within the human host. It interacts with and 

modulates the human immune system; however, the mechanism by which tolerance to 

benign/commensal microbes is learned alongside aggressive defense against potentially virulent 

microbes it is not yet known (Strober 2013; Bendiks and Kopp 2013). Additionally, vitamins and 

cofactors are produced by the gut microbiota and used by the host (Gill et al. 2006). The human 
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gut microbiota is also crucial for metabolism (Leser and Mølbak 2009). There is now 

overwhelming evidence in the literature that the gut microbiota has a metabolic capacity equal to 

or greater than the liver (Human Microbiome Project Consortium 2012). Thus, the gut 

microbiota is potentially as active as the liver with respect to its ability to perform chemical 

conversions contributing to host health and physiology. The microbiota of the large intestine is 

able to ferment (metabolize in the absence of oxidative respiration) food components that cannot 

be digested though the actions of human GI physiology alone (Mulle et al. 2013). Typically, 

complex polysaccharides and resistant starches pass to the colon largely intact, as they are not 

digested in the upper GI tract (Chassard and Lacroix 2013). In addition, simple sugars like 

lactose, fructose, and sugar alcohols—which are normally digested in the upper GI tract—can 

reach the large intestine in circumstances such as overeating or small intestine dysfunction 

(Payne et al. 2012). Both complex and simple sugars alike become available for microbial 

fermentative metabolism. 

The key metabolites produced by fermentation are short chain fatty acids (SCFAs; 

acetate, propionate, butyrate), intermediate metabolites (lactate, succinnate, ethanol, formate), 

regulatory gases (carbon dioxide, hydrogen gas), amines, and phenols (Chassard and Lacroix 

2013). These chemicals play important roles in the host by, for example, regulating colonocyte 

proliferation, contributing to immune cell migration, and signaling gut motility (Nicholson et al. 

2012a; Musso et al. 2011). On the other hand, it has also been shown that the same microbial 

fermentation products could function as toxins to the human body at abnormal concentrations 

(Caminero et al. 2012; Topping and Clifton 2001). The potential conditions leading to these 

elevated concentrations of fermentative byproducts are not fully understood. In order to learn 

what circumstances may alter fermentation processes of the gut microbiota, researchers must 
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determine how a healthy microbiota functions. Yet, it is difficult to study these microbe-derived 

fermented compounds in vivo because the metabolites are (1) transformed by other gut microbes, 

(2) absorbed by the host, (3) intermixed with host-secreted compounds, (4) affected by the host 

diet, and (5) not easily linked to their microbial species source. 

Historically, the study of microbiota alterations occurred at the species level through 

individual isolation and characterization techniques. Our new understanding of how microbes 

function, including their different behavior as part of a commensal ecosystem compared to 

individuals within axenic (isolated) culture, demands a change in our approach (Clemente et al. 

2012; Van den Abbeele et al. 2011). The development of an innovative experimental platform 

that cultures an entire ecosystem of microbes allows for more biologically-relevant 

experimentation than axenic cultures. To this end, the Allen-Vercoe lab has developed and 

validated a chemostat (continuous culture) system for the purpose of modeling complex gut-

associated microbial ecosystems (McDonald et al. 2013). 

 

1.1.2 Studying the Gut Microbiota in the “Robogut” 

The Allen-Vercoe chemostat, the “Robogut”, works by mimicking the environment of the 

distal human colon: 37ºC, pH 7, gently and continuously stirred, anaerobic, fed mucin and 

insoluble starch at a constant flow rate, and held under positive pressure to expel waste at an 

equal flow rate (McDonald et al. 2013). A schematic diagram of the chemostat is depicted in 

Figure 1. The chemostat supports growth of a microbial ecosystem derived from human fecal 

samples (representative of the distal colon). Because it is not ethically acceptable to experiment 

on the gut microbiota in vivo, fecal donation represents an ethically sound method for obtaining 

distal gut microbes.  
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Figure 1: Schematic of the chemostat set-up depicting the equal flow rates of growth medium 

into the vessel and spent medium out. Other key features depicted are the temperature jacket, 

maintaining body temperature; N2 bubbler, sustaining anaerobicity via the inlet of sterile-

filtered N2; pH probe, ensuring neutral pH; and stirrer, mimicking peristalsis. 
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As an ex vivo model, it is not possible for the chemostat to perfectly emulate the distal gut 

environment (Mäkivuokko and Nurminem 2006). In particular, the in vivo environment is 

subjected to the host immune system, hormones, and other host features such as the circulatory 

and nervous systems. These systemic effects are absent in the ex vivo platform of the chemostat. 

Additionally, peristalsis causes a directional outflow of waste, whereas the ex vivo chemostat 

exports waste via positive pressure buildup (non-directional movement).  

In spite of these differences, the model is still particularly useful for the study of gut 

microbial communities. Not only does the chemostat attain high within-run reproducibility 

(technical replicates), but it also maintains donor-specific identities. As an experimental tool, the 

chemostat offers multiple advantages: (1) precise diet control, (2) exact time-point sampling, and 

(3) genomic and metabolic data acquisition, all of which are difficult factors to control in vivo. 

Equilibrium of a fecal microbial ecosystem supported by the chemostat occurs when 

growth of the culture proceeds at a constant rate. This stage is called steady-state, and is reached 

approximately 3 weeks post-inoculation (McDonald et al. 2013). At this point, the continuous 

culture can be stably maintained for experimentation for approximately 4 further weeks 

(Mäkivuokko and Nurminen 2006). Daily samples can be extracted from the bioreactor vessel 

and subjected to various analyses such as metabolite profiling or genomic DNA extraction for 

microbial composition studies. Microbial composition over time can be used to confirm 

attainment of steady-state. Although DNA sequencing of the entire community would yield 

information on the culture’s growth and die-off rate, it would be an extensive and costly 

procedure (Loman et al. 2012). Instead, 16S ribosomal RNA gene targeted PCR followed by 

denaturing gradient gel electrophoresis (16S-DGGE) on sequential samples taken from an 
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experimental vessel can efficiently determine the achievement of steady-state (McDonald et al. 

2013). 

 

1.1.3 The Gut-Brain Axis 

Although compelling research supports the existence of the gut-brain connection, the 

mechanisms through which the gut and its products interact with the brain are largely unexplored 

(Reichelt and Gardner 2012; Forsythe and Kunze 2012). Metabolites from gut-associated 

microbes can potentiate signals within the gut-brain connection in humans (Bercik et al. 2011). 

Metabolites produced by a dysbiotic (imbalanced) gut microbiota may be abnormal in type or 

concentration, and have the potential to lead to neurological symptomology. 

Multiple channels have been proposed as potential routes for the gut-brain axis (Figure 

2). One possible means is the direct absorption of gut-derived metabolites from the intestinal 

lumen into the human host bloodstream; once there, certain compounds (in particular, small 

molecules) could cross the blood-brain barrier and interact with the brain (Reichelt and 

Knivsberg 2009). This pathway may be particularly relevant when combined with GI 

disturbances such as increased intestinal permeability (so-called “leaky gut”). 

Besides the circulatory system, the body’s nervous system represents another possible 

gut-brain axis. Two key neuronal networks relevant to GI health are the vagus nerve and the 

enteric nervous system (ENS). The vagus nerve connects the GI tract to the brain, and as much 

as 90% of its fibers are afferent (from the gut to the brain), rather than efferent (from the brain to 

the gut; Berthoud and Neuhuber 2000). The ENS innervates the gut and functions autonomously, 

often earning the name “second brain” (Mertz 2002).  
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Figure 2: Representation of three possible routes of signaling within the gut-brain axis. Red 

arrows: Metabolites produced in the GI tract permeate the intestinal barrier, entering the blood 

stream where they can cross the blood-brain barrier and affect neurology. Yellow and green 

arrows: Innervation of the gut by the vagus nerve and ENS (enteric nervous system) are 

affected by gut microbes and their products, carrying signals from the gut to the brain. Images 

from Microsoft clip art. 
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Both the vagus nerve and ENS are sensitive to biologically active neuro-mediators such 

as gamma-aminobutyric acid (GABA), serotonin, melatonin, histamine, nitrous oxide, 

acetylcholine, and others, all of which can be produced by gut microbes (Iyer et al. 2004). These 

compounds, or other components of the microbes themselves, have induced neuronal activation 

events in the vagus pathway and afferent ENS in animal studies (Gareau et al. 2011; McVey et 

al. 2013; Kunze et al. 2009). Chronic activation of these neuronal signaling pathways can 

sometimes result in behavioral changes, such as altered levels of anxiety, panic, and depression 

(Arborelius et al. 1999; Walsh and Kling 2004). Thus, excitation of the vagus nerve or afferent 

ENS by gut microbes or their products could perpetuate altered neurology back up to the central 

nervous system, thus affecting behavior.  

Recent technological innovations have furthered the study of the gut microbiota in 

humans (Wang et al. 2015). Attempts to find the one “healthy” consortium of gut microbes have 

revealed that humans vary considerably in their gut microbial makeup, making the “unhealthy” 

gut microbiota, or dysbiosis, difficult to identify (Rajilić-Stojanović 2013). Although 

investigation is complicated by inter-person ecosystem diversity, a functional and balanced 

microbiota is critical to host health (Nicholson et al. 2012a). Thanks to newer technologies such 

as next-generation sequencing, dysbioses are now being linked to GI diseases such as irritable 

bowel syndrome, inflammatory bowel disease, infant colic, and necrotizing enterocolitis (Mulle 

et al. 2013). Researchers are investigating the therapeutic value of manipulating the gut 

microbiota to promote microbial ecosystem balance to counteract the imbalance associated with 

these diseases and others with gut dysbiosis signatures, such as obesity, diabetes, and recurrent 

Clostridium difficile infection (Kootte et al. 2012; Petrof et al. 2013). The influence of the gut 

microbiota goes beyond gut health, with clear correlations now being reported in a range of 
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extra-intestinal diseases including allergies, asthma, arthritis, clinical depression, schizophrenia, 

and Autism Spectrum Disorder (ASD) (Azad and Kozyrskyj 2012; Harris et al. 2012; Reichelt 

and Gardner 2012; Fetissov and Dechelotte 2011; Gigante et al. 2011; Scher and Abramson 

2011). The focus of this project is on the role of the gut microbiota in ASD. 

 

1.2 What is ASD? 

ASD is a neurodevelopmental disorder that impairs daily living and varies significantly 

from individual to individual (Rapin and Tuchman 2008). Children with ASD have difficulties 

feeling/displaying empathy or emotion, appear aloof and disengaged from the world, are attached 

to repetition, and are compelled to adhere to routines. Additionally, some ASD children are 

verbal, but still struggle to communicate effectively when compared to healthy, neurologically-

normal, control individuals termed neurotypical (NT) (American Psychiatric Association 2014). 

In this thesis, the word neurotype refers to whether an individual is ASD or NT. 

The prevalence of ASD has increased dramatically. Following full standardization of the 

diagnostic criteria, the prevalence was cited at 1 in 150 children in 2006, and rose to 1 in 68 

children in 2010 (children tallied at 8 years of age in the USA; Centers for Disease Control and 

Prevention 2009; Centers for Disease Control and Prevention 2014). There is thus an urgent need 

to understand the etiology of the disorder, as well as to determine the best treatment approaches. 

Children are diagnosed with ASD based on four behavioral criteria: (1) deficits in social 

communications and interactions (including social-emotional reciprocity, nonverbal 

communication, and development/maintenance of relationships); (2) demonstration of restricted, 

repetitive patterns of behavior, interests, or activities (such as movements like arm flapping, 

adherence to routine/resistance to change, ritualization, obsessive fixations, and sensory 
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sensitivity); (3) presentation of symptomatic behaviors during early childhood; and (4) 

impairment of everyday functioning (American Psychiatric Association 2014).  

Diagnosis of ASD can be problematic; there is currently no clear biomarker for ASD, and 

diagnosis is strictly based on social, communication, and behavioral symptoms (Siniscalco 

2013). Understandably, there is great interest in discerning the underlying cause of ASD, and 

although consensus has yet to be reached, it is now believed that the cause of ASD is the result of 

a combination of genetic and/or epigenetic and environmental processes (Ameis and Szatmari 

2012; Rossignol and Frye 2012; Herbert 2010). The increased prevalence of ASD diagnoses in 

diasporas—such as the Somali enclave in Stockholm—compared to native populations suggests 

that environmental triggers are particularly important in ASD (Barnevik-Olsson et al. 2010).  

Given the prevalence of ASD, it is likely that multiple etiologies are at play. It is clear 

that ASD—as its name implies—is a spectrum of disorders and should thus be considered a 

group of diseases, each with a specific etiology (Rossignol and Frye 2012; Ratajczak 2011; 

Walsh et al. 2011; Bertoglio et al. 2010; de Magistris et al. 2010). ASD symptom onset may be 

one potential consideration for distinguishing the multiple etiologies. Symptom onset can occur 

at birth or anytime thereafter until the age of 3 years old. When symptoms emerge from the age 

of approximately 18 months onwards, and are distinguishable from previous normal neurological 

development, then ASD is termed late-onset. Late-onset ASD is often seen in conjunction with 

gut microbial dysbiosis and GI disturbances in affected children (Finegold et al. 2012).  

 

1.2.1 ASD and GI Dysfunction 

Some of the most problematic symptoms frequently associated with ASD are not 

represented by the diagnostic criteria (social, communication, and behavior impairments). 

Specifically, parental and clinical reports of abnormal GI symptoms in children with ASD 
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(particularly in the late-onset ASD subgroup) have prompted formal research studies that 

demonstrate a clear correlation between the severity of GI symptoms and the severity of ASD 

(Wang et al. 2012; Gorrindo et al. 2012; Adams et al. 2011). GI symptom surveys report up to 

75% of children with ASD experience GI abnormalities, including (but not limited to) abdominal 

pain, diarrhea, encopresis (unintended fecal soiling in potty-trained individuals), 

gastroesophageal reflux disease, abdominal bloating, inflammation, and gut nervous system 

abnormalities (Buie et al. 2010).  

One particular ASD-associated GI condition has received considerable attention: “leaky 

gut” (Buie et al. 2010). Leaky gut is defined as increased intestinal permeability as a result of 

decreased function of the tight junctions between the simple columnar epithelial cells of the large 

intestine (Salim and Söderholm 2011). Consequently, in patients experiencing leaky gut, 

substances from the intestinal lumen are able to permeate the intestinal monolayer more readily 

than in healthy individuals with intact intestinal tight junctions. To date, no known reports have 

published a unique pathology correlating leaky gut or an underlying GI dysfunction with the 

ASD neuropsychiatric symptom presentation (Buie et al. 2010). Regardless, the presence of a 

subgroup of late-onset ASD children that suffers from GI disturbances hints towards the 

potential role of a dysbiotic gut microbiota. 

 

1.2.2 GI Symptom Alleviation and ASD Behavioral Improvement 

Due to the severe and life-altering nature of the GI disturbance and autistic 

symptomology in some children with ASD, many attempts have been made to clinically alleviate 

these symptoms, including the use of pharmacological agents. Aripiprazole and risperidone are 

the only approved drugs for treatment of ASD (Wink et al. 2010); however, these drugs are 
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intended for the treatment of irritability associated with ASD, and do not treat other ASD 

symptoms nor GI distress. Thus, many other drugs have been tested in an “off-label” manner, 

meaning for a purpose other than the approved intention, to moderate behavioral symptoms in 

some children (Akhondzadeh et al. 2010; King et al. 2009; Jahromi et al. 2009).  

Some researchers have assessed off-label use of drugs to treat the physical symptoms (GI 

distress, primarily) of ASD children, and have noted changes in both physical and behavioral 

symptomology (examples, Theoharides et al. 2012; Schneider et al. 2006). In one study, Sandler 

et al. applied the off-label use of an antibiotic to target the microbiota of the ASD participants. 

The researchers hypothesized that, if a dysbiotic state is present in these ASD children, and this 

dysbiosis is related to abnormal behavioral symptomology transmitted via the gut-brain axis, 

then antimicrobial agents could alter the balance of microbes in these patients and potentially 

modify behavioral patterns (2000). Oral vancomycin (VA) was chosen because it is a non-

absorbed antibiotic, meaning it does not cross the intestinal barrier, so its activity is limited to 

enteric bacteria—i.e. the gut microbiota. During the 8 week course of VA administration, stark 

behavioral improvement was observed in the study cohort, followed by regression back to 

baseline within 2 weeks of the end of treatment. The behavioral effects observed in this VA 

study support a gut-brain link that was dependent upon the status of the microbiota. 

Another effort to alleviate the distressing GI symptoms is dietary modification. Dietary 

restrictions (most notably, the elimination of foods containing gluten or casein) have been 

implemented with both GI (including the alleviation of leaky gut) and behavioral success 

(Pennesi et al. 2012; Whiteley et al. 2010; de Magistris et al. 2010). It has been proposed that the 

elimination of gluten and casein serves to alleviate GI and behavioral issues because of comorbid 

food sensitivities to these substances in ASD sufferers (Kushak et al. 2011). Evidence that 
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supports this theory is a known increased incidence of casein intolerance in ASD patients, 

however the link between gluten sensitivity and ASD is less clear (Buie et al. 2010; Erickson et 

al. 2005).  

Collectively, psychological agents, antibiotics, other pharmacological drugs, dietary 

modifications, and even probiotics and the state of fever (Critchfield et al. 2011; Curran et al. 

2007), result in behavioral changes in some ASD children, suggesting that the gut-brain 

connection is very complex and multifaceted. Despite all the unknowns, it is clear that 

modulation of the gut microbiota can hugely affect this gut-brain axis (Wu et al. 2011). Gut-

directed interventions may have the ability to modify gut microbial dysbiosis and, 

correspondingly, behavior in children with ASD, as is observed in some animal studies. For 

example, germ-free mice treated with non-absorbed antibiotics do not display behavioral changes 

(indifference to light/dark changes, indifference to danger, and exploratory behavior); however, 

mice with a gut microbiota did display these behavioral changes when treated with non-absorbed 

antibiotics (Bercik et al. 2011). Modifying gut microbes affected the behavioral changes in these 

mice. As discussed earlier, a similar response occurred in humans; behavioral improvement and 

GI symptom alleviation was witnessed after alteration of the dysbiotic microbiota using non-

absorbed antibiotics (Sandler et al. 2000). In another animal model, mice that demonstrated GI 

defects, altered microbiota, and autistic-like behaviors improved on all three aspects when 

treated with Bacteroides fragilis, a commensal microbe in humans (Hsiao et al. 2013).  
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1.2.3 The Microbial Ecosystem in ASD 

Changes in GI symptoms associated with ASD are observed in response to interventions 

that have the potential to alter the gut microbiota. Indeed, microbial dysbiosis has been reported 

in individuals with ASD (Adams et al. 2011; Finegold 2011; Williams et al. 2012). It is 

postulated that the loss of ecosystem diversity leads to the presentation of disease (Petrof et al. 

2013). Higher counts of Clostridium spp. in stool, gastric, and duodenal specimens have been 

reported in individuals with ASD (Finegold et al. 2010; Parracho et al. 2005; Song et al. 2004). 

More recently, Finegold et al. reported elevated levels of Desulfovibrio spp. in stool specimens 

(2011), and several other studies have reported significantly increased counts of Sutterella spp. 

in ileal-cecal biopsy material (Williams et al. 2012; Benach et al. 2012). Decreased counts of 

genera that are considered to be beneficial microbes, in particular Akkermansia and 

Bifidobacterium spp., have also been associated with ASD (Wang et al. 2012). Sibling studies 

show that healthy siblings of children with ASD exhibit microbial enterotypes that 

compositionally fall between those of the children with ASD and unrelated individuals (Finegold 

et al. 2010). These data suggest that genetic/epigenetic and environmental processes may work 

together to lead to a state of gut microbial dysbiosis in the subgroup of ASD children with GI 

symptoms. Regardless of the microbial species compositions that have been noted, it is vital to 

remember that the microbiota is a community that functions as a unit, not as a conglomeration of 

species coexisting independently from one another (Clemente et al. 2012). 

 

1.3 Metabolites and ASD 

Gut microbiota function, as stated above, is likely to be very important to health. The 

analysis of gut microbial metabolites – the net chemical output of the gut microbiota – represents 
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a key strategy for understanding the health of the community. In ASD, abnormal blood 

concentrations of certain compounds sourced from diet have been linked with negative behavior. 

For example, children with ASD have an impaired ability to fully digest carbohydrates when 

compared to NT children (Williams et al. 2011). It is speculated that the incomplete breakdown 

of foods containing gluten or casein peptides results in the production of "opioid-like" 

compounds that can affect the brain and contribute to behavioral abnormalities (this is also 

speculated to be true in some cases of schizophrenia and depression) (Tveiten and Reichelt 2012; 

Reichelt et al. 2012). Furthermore, glutathione metabolites, glutamate, and GABA have been 

identified as potential biomarkers for ASD (Hendren et al. 2009), and low levels of omega-3 

fatty acids were found in children with ASD (Meguid et al. 2008; Bell et al. 2004; Vancassel et 

al. 2001). These compounds serve as examples to show the variety of metabolites and 

compounds found in abnormal concentrations in ASD. 

In an attempt to comprehensively search for potential biomarkers of ASD, other studies 

have analyzed the urine of children with ASD. Gut-microbe-derived metabolites found in urine 

are representative of compounds that have permeated the intestinal barrier (perhaps facilitated by 

enhanced gut permeability of leaky gut syndrome) and are cycled through the blood stream 

before excretion in urine via the kidneys. Although urine collection and analysis is 

straightforward, some gut-derived compounds may be transformed by human-derived processes 

during circulation and excretion, complicating urinary metabolic profiling. Measuring 

metabolites directly from the gut (as found in feces) may be more representative of microbial-

derived metabolites. 

The urinary metabolic profiles of children with ASD and GI dysfunction comorbidity 

were found to be significantly different from profiles of healthy children or children with ASD 
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but without GI symptoms (Clayton 2012). For example, Ming et al. found that 82 compounds 

were altered including amino acids, organic acids, antioxidants, serotonin, catecholamines, 

melatonin, oxytocin, endorphins, lactate, pyruvate, and GABA (2012). Low levels of urinary 

tryptophan have previously been linked with abnormal serotonin levels, which in turn affect 

behavior (Kaluzna-Czaplinska et al. 2010). Also, altered levels of dimethylamine, hippurate, 

phenyacetylglutamine (PAG), and p-cresol sulfate were observed in urine specimens obtained 

from children with ASD when compared to healthy controls (Yap et al. 2010), although Altieri et 

al. report an opposite trend in the levels of urinary p-cresol in children with ASD (2011). 

Independently, other groups report that children with ASD presented with higher urinary 

concentrations of propionic acid (PPA), a SCFA known to be produced by many colonic bacteria 

including species within the Clostridium genus (Wang et al. 2012; Shaw 2010; Elsden et al. 

1976).  

SCFAs and some other metabolites have been shown to have direct effects on the brain. 

For example, direct injection of small doses of PPA into the brain ventricles of rats caused 

immediate but reversible repetitive and impaired social behavior, brain inflammation, and 

metabolic changes consistent with ASD (MacFabe 2012; Shultz et al. 2008). The researchers 

postulate that, in humans, elevated levels of SCFAs produced by aberrantly-behaving gut 

microbes in a state of dysbiosis can enter the circulation and cross the blood-brain barrier to 

cause neurological symptoms. The experiments described in these studies depict the plausibility 

of the last step, namely how SCFAs can affect neurology in such a manner that mimics the 

waxing and waning of behavioral symptomology witnessed in ASD. Collectively, the literature 

data confirm the existence of aberrant ASD-associated metabolic profiles, but there is little 
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consensus on which metabolite(s) could serve as a biomarker for the ASD subgroup with gut 

microbial dysbiosis. 

 

1.3.1 Feces-Derived Metabolite Profiles 

Besides blood and urine, another avenue for assessing the gut microbe-derived metabolite 

profiles in ASD is using feces. The extracted liquid portion of feces, containing the metabolites, 

is termed fecal water. Feces have successfully been used as a source of gut microbial metabolites 

to examine the metabolism of the gut microbiota, and yet little research has been performed on 

the fecal metabolite profiles in ASD (Weir et al. 2013; Wang et al. 2012; Jansson et al. 2009; 

Monleón et al. 2009). The reason for this lack of research likely stems from the complex 

diversity observed in this spectrum disorder, where widespread overlap has not been observed 

among ASD individuals in regards to microbial species, genetic markers, response to treatments, 

or other biologically-tangible leads. Additionally, the intricate nature of the gut-brain axis and its 

many potential routes further complicates the issue of extrapolating meaning from metabolite 

profile analyses in ASD populations. However, fecal water metabolite profiles from colorectal 

cancer patients—another disease where gut microbial dysbiosis may play an important role—

have been used as a screening tool (Scanlan et al. 2008). These studies searched for gut-microbe 

derived metabolic profile abnormalities, cytotoxicity, and genomic damage.  

The use of fecal water as a source for metabolite profiles in assessing ASD-associated GI 

dysfunction has not yet been fully explored. Metabolic profiles derived from fecal extracts could 

(1) demonstrate that altered levels of microbial metabolites exist in individuals with ASD 

compared to healthy NTs, (2) offer a more direct approach to measuring gut microbial metabolite 

levels than blood or urine sampling, and (3) be used to identify biomarkers that may act as a 
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potential screening tool for indication of gut microbial dysbiosis and abnormal metabolism in 

ASD (Ming et al. 2012; Jacobs et al. 2008; Ng et al. 2012; Gao et al. 2010).  

While fecal water offers a convenient sampling medium, it is important to acknowledge 

that the metabolite profiles in these samples are not absolutely representative of all of the colonic 

metabolites present in vivo. As mentioned earlier, the reason for the difficulty associated with 

measuring the in vivo metabolites is due to microbe and host interactions. The in vivo gut 

epithelium is an absorptive system; metabolites produced by the microbiota can be absorbed by 

the human colonocytes, and therefore absent from the feces in representative concentrations. The 

reverse relationship can also occur where host-derived metabolites are secreted into the gut 

lumen, and contribute to the metabolite profile extracted from feces. In addition, secondary 

metabolism of the compounds within the microbiota by other microbes will occur. Furthermore, 

in vivo hosts can be unavailable for strategically-timed sampling, and the fecal water will contain 

host metabolites. These drawbacks are largely overcome through use of the ex vivo chemostat 

platform. Although secondary metabolism still remains an issue, the problems of host absorption, 

host contribution, and sampling time are eliminated. For these reasons, it is possible that use of 

the chemostat may yield a more accurate semblance of microbial metabolism than the metabolite 

profile extracted straight from feces. These similarities and differences are summarized in Figure 

3. Both fecal water and chemostat-derived samples can serve as sources for metabolite profiles 

of the microbiota, and this information may yield clues about metabolite absorption. From this 

point forward, both fecal water extracts and chemostat-derived extracts will be referred to as 

metabolite-containing filtrates (MCFs).  
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Figure 3: Comparison of the effects on metabolite profiling in (A) in vivo versus (B) ex vivo 

systems. An in vivo platform experiences the effects of secondary metabolism of metabolites 

by other microbes, absorption and secretion of metabolites by the host, and the confounding 

factor of the host immune system. An ex vivo platform is only subject to secondary 

metabolism. Additionally, an ex vivo system, unlike an in vivo system, is available for on-

demand sampling. 
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1.3.2 Metabolite Profile Analysis 

MCF profiles can easily be extracted from feces or chemostat-derived samples by 

lyophilization (Jacobs et al. 2008), solvent extraction (Weir et al. 2013; Ng et al. 2012), and 

ultracentrifugation (Windey et al. 2012; Monleón et al. 2009; Jansson et al. 2009; Yeh et al. 

2007). Each technique has its benefits and drawbacks. When a specific compound is targeted, 

lyophilization (freeze-drying) and solvent extraction serve as very effective methods of creating 

MCFs. However, lyophilization can result in loss of volatile compounds, such as SCFAs. 

Because SCFAs are likely to be of particular relevance in ASD, it is undesirable to risk 

displacing these compounds during MCF extraction. Solvent extraction risks the introduction of 

new compounds that could be misconstrued as components of the metabolite profile. Therefore, 

for broad-spectrum observation of the MCF profile, ultracentrifugation is the ideal technique. 

Once the MCF has been obtained, it must be analyzed for metabolite composition. The 

mixture of low molecular weight compounds together with their varying concentrations is 

referred to as the metabolite profile. With respect to fecal water, the metabolite profile can be 

viewed as a chemical fingerprint representative of the microbial ecosystem in the distal colon, as 

it contains microbial metabolites, along with some host molecules. Detailed and accurate 

measurement of this profile could reveal important clues about the state of microbial metabolism 

in the human gut. 

Single-dimension proton nuclear magnetic resonance spectroscopy (1-D 
1
H NMR) is an 

emerging technique for the analysis of complex metabolite profiles (Sokolenko et al. 2014). 

NMR is a non-selective, non-destructive method that can detect and accurately quantify a wide 

variety of organic chemicals including SCFAs, organic acids, lipid components, phenolic acids, 

etc. (Jacobs et al. 2008; Monleón et al. 2009; Nagana Gowda et al. 2015). NMR has been 
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successfully employed to identify biomarkers in serum samples from diseased cohorts in 

comparison to healthy controls (Würtz et al. 2015), as well as to detect fecal metabolite profiles 

(Wu et al. 2010). Thus, it is the chosen method for the work described in this thesis. In 

considering suitable methods for metabolite profiling, other potential methods include high 

pressure liquid chromatography (HPLC) combined with mass spectrometry (MS). While MS is 

more sensitive than NMR for low-abundance compounds, it can miss some elements of the 

mixture that NMR can detect (i.e. the spectra overlap but are not identical). In addition, HPLC-

MS methods are more expensive, and they generate datasets that are technically more difficult to 

analyze than those from NMR (Olano-Martin et al. 2000; Bernabé 2011; Rankin et al. 2014). 

Thus, NMR is often used in untargeted approaches of detection, and considered a “pre-screen” 

method prior to targeted HPLC-MS. 

 

1.3.3 ASD-Relevant Screening Assays 

MCF profiles may represent a key screening tool in ASD, and could be used at the outset 

to assess the link between gut-derived microbial metabolites and the key symptoms of GI distress 

in ASD (e.g. leaky gut, inflammation, abdominal pain, bloating, constipation, diarrhea, etc.). 

Importantly, because MCFs are free of microbial cells, but include microbial metabolites and 

other compounds present in feces, in vitro studies can be performed that are geared towards 

assessing the effects of MCFs on host colonocyte cell-lines. One assay of particular interest is 

elicitation of inflammatory response from host colonocyte cells. 

Increased markers of inflammation have been extensively noted in individuals with ASD 

(Goines and Ashwood 2013; Masi et al. 2014). These markers, called cytokines, are secreted 

compounds of the immune system that elicit inflammatory responses in the body’s tissues. 
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Traditionally, cytokines have been classified as either pro- or anti-inflammatory, though it has 

been shown that these categories can vary for some cytokines, depending on their context 

(Cavaillon 2001). However, in the gut epithelium, pro-inflammatory cytokines are well-defined 

and include interleukin-6 (IL-6), IL-8, and tumor necrosis factor-alpha (TNF-α); whereas anti-

inflammatory cytokines at this site include IL-10 and transforming growth factor-beta (TGF-β) 

(Sultani et al. 2012). Hallmark inflammatory cytokines are present in aberrant levels in various 

body fluids and tissues in ASD individuals (Appendix Table A.1). Sandwich enzyme-linked 

immunosorbent assays (ELISAs, Appendix Figure A.2) are commonly-used, effective ways to 

quantify cytokine concentration as a measure of host inflammatory response elicited by a trigger 

of interest (Qin and Benveniste 2012). 

Overall, studies of the effects of gut-derived metabolites on the gut epithelium are 

urgently needed to indicate whether the gut (and potentially neurological) disturbances seen in 

ASD are associated with gut microbial dysbiosis. There is abundant evidence of correlations 

between (1) ASD and GI symptoms, and (2) ASD and microbial dysbiosis in the gut. Currently, 

the underlying causes of either of these associations, the extent of their relationship to one 

another, or the pathology of their host effects are not known. It is essential that research is 

directed towards understanding the relationship between human health/disease and the gut 

microbiota and metabolic profiles with respect to ASD. 
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1.4 RESEARCH RATIONALE AND HYPOTHESIS 

The human gut microbiota functions as a comprehensive ecosystem that interacts with its 

host’s state of health in many ways. Diseases and disorders such as ASD have been linked with 

dysbiotic microbiota composition. In many cases of ASD, individuals also present with severe 

GI disturbance. Both ASD and GI symptomology are mitigated by treatment with antimicrobial 

agents, diet alterations, and other biomedical interventions. Concurrently, irregular metabolite 

profiles and aberrant levels of inflammatory markers have been noted in individuals with ASD. 

However, the implications of all these correlations remain unexplained. Microbiological attempts 

to identify a single bacterial culprit behind ASD remain inconclusive thus far. Emerging 

evidence suggests that the dysbiotic gut microbiota as a whole can affect ASD etiology. Through 

its fermentative abilities, the gut microbiota is capable of producing metabolites that may 

contribute to the alterations witnessed in the metabolite profiles. As metabolites represent a 

possible avenue to impact not only the gut-brain axis, but the biology of the entire human body, 

it is important to investigate the nature and potential impact of gut microbiota-derived metabolite 

profiles in individuals with ASD. 

Altered gut microbe-derived metabolite profiles may be detectable in children with ASD. 

It is possible that these metabolites alone are sufficient to elicit an inflammatory response in 

vitro, and may be responsible for the altered behavior and GI symptoms observed in response to 

antibiotics. We hypothesize that the gut microbiota of ASD children with associated GI 

disturbance produce abnormal levels of metabolic compounds that contribute to the 

symptomatic behaviors and GI disturbances, and these metabolites, as compared to healthy 

NT children, (1) elicit inflammatory responses in vitro and (2) are altered in response to 

antimicrobial factors, such as VA.  
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1.5 RESEARCH OBJECTIVES 

 

 

Objective #1: Create and screen fecal water MCFs from age- and gender-matched ASD and NT 

children in order to assess variations in metabolite profiles via 1-D 
1
H NMR. By standardizing 

the MCF extraction protocol, we will establish outliers and general trends in the microbiota-

derived metabolite profiles detected in ASD versus NT children. 

 

Objective #2: Culture, perturb, and measure gut microbial communities and their metabolic 

products in the chemostat from one ASD and one NT donor.  This will allow us to measure 

change in metabolite production of chemostat-derived MCFs via 1-D 
1
H NMR, both before and 

after perturbation with VA. 

 

Objective #3: Test fecal water and chemostat-derived MCFs for colonocyte cytokine production 

using the Caco-2 cell line. By using ELISA to measure secretion of cytokines commonly 

reported to be abnormal in ASD serum levels, such as IL-6, IL-8, TNF-α, and TGF-β, we can 

determine if gut-derived metabolite profile shifts may play a role in the observation of these 

altered cytokine levels. 
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Chapter 2. MATERIALS AND METHODS 

 

Objective #1: Screen fecal water extracts from ASD and NT children 

 

2.1 Participant Recruitment 

Approval for obtainment of fecal samples was granted by the University of Guelph 

Research Ethics Board (REB) under application # 13AP008, and the United States Department 

of Defense Human Research Protection Office Log # A-17830. Human participants were 

children ages 1-9 years old with signed, informed consent of their parents/guardians (Appendix 

Forms A.3). Answers to health questionnaires were used to screen 42 ASD and 39 NT 

participants. For ASD children, participants were selected for fecal sample donation if they had 

an ASD diagnosis and demonstrated symptoms of GI disturbance. Additionally, ASD severity 

was measured using the Autism Treatment Evaluation Checklist (ATEC, Autism Research 

Institute, San Diego, CA, USA). NT participants were selected for donation if they were 

currently healthy and had no siblings with ASD, no mental or physical health issues, no 

symptoms of GI disturbance, and no antibiotic exposure within 2 years. These exclusionary 

criteria, combined with age- and gender-matching, yielded 16 ASD and 13 NT participants for 

fecal sample donation. A complete list of the health screening questions is provided (Appendix 

Forms A.4). 

 

2.2 Fecal Sample Handling 

Fresh fecal samples were collected according to REB approved procedures (Appendix 

Forms A.5). A small portion of the fecal sample was transferred to a container of pre-reduced 
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supplemented tryptic soy broth (TSB; recipe in Appendix Table A.6) and stored anaerobically at 

-80
o
C. The remainder of the fecal sample was stored in a container, without special attention to 

anaerobic atmosphere, at -20
o
C until processing. 

 

2.3 Development of Metabolite-Containing Filtrate (MCF) Extraction Protocol 

Attempts have been made to select an optimal method to extract metabolite profiles from 

fecal samples, but ultimately procedures vary from study to study depending on the desired final 

analysis (Wu et al. 2010). The protocol for MCF extraction in this thesis was developed in two 

steps. For part one, previously-obtained chemostat effluent (REB # 10JL002) from a chemostat 

inoculated with feces of a healthy adult donor was used. This prevented unnecessary use of the 

limited supplies of participant fecal samples. For part two, fecal material from one donor (7.72 

year old NT female, REB # 13AP008) was used. Four factors required consideration: (1) 

necessity of a preliminary spin, (2) post-processing filtration, (3) treatment centrifugal force, and 

(4) minimization of the amount of feces required.  

A sample of chemostat effluent from steady-state was pooled to ensure homogenization 

of the metabolites for all tests. Samples of this pool were subjected in duplicate to different 

ultracentrifugation procedures: (1) a preliminary spin, (2) post-processing filtration, (3) and 

treatment speed/centrifugal force (Tables 1 and 2). Ultracentrifugation was performed in a 

Beckmann L8-M machine (Beckman Coulter, Brea, CA, USA) using polyallomer disposable 

tubes (Optiseal, Beckman Coulter, Brea, CA, USA) and a Ti-70 rotor (Beckman Coulter, Brea, 

CA, USA). 

First, some samples of chemostat effluent were subjected to a preliminary spin of 2,711 x 

g (Hettich Zentrifugen D-78532 Tuttlingen, Germany) for 5 minutes at 4
o
C, to test for the effect 
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of intracellular content spillage. Following the soft pre-spin, the supernatant was decanted, and 

subjected to the ascribed ultracentrifuge treatment. Second, the chemostat effluent was subjected 

to five ultracentrifuge speeds, each increasing by 10,000 rpm, for 2 hours at 4
o
C, to determine 

the effect of increasing g force on the metabolite profile. Finally, two types of supernatant 

filtration were evaluated: serial filtration (1.0 µm then 0.80 µm then 0.45 µm then 0.22 µm; 

filters from GE Whatman, UK) compared to single-step filtration (0.22 µm only). Samples were 

submitted for 1-D 
1
H NMR profiling (performed and analyzed statistically by Sandi Yen, lab of 

Dr. Marc Aucoin, Department of Chemical Engineering, University of Waterloo) to detect 

variations in the metabolite profile produced by these different variables.  

 

 

 

  

Table 1: Summary of different ultracentrifugation conditions for development of the MCF 

extraction protocol 

Sample 

No. 

Pre-Spin 

5 min, 4
o
C 

Treatment
 

2 hours, 4
o
C 

Post-Processing Filtration 

Filtrate stored at 4
o
C 

 

1 None 10,000 rpm    = 10,274 x g 0.22 µm only 

2 None 20,000 rpm    = 41,098 x g 0.22 µm only 

3 None 30,000 rpm    = 92,470 x g 0.22 µm only 

4 None 40,000 rpm    = 164,391 x g 0.22 µm only 

5 None 50,000 rpm    = 256,861 x g 0.22 µm only 

 
6 2,711 x g 10,000 rpm    = 10,274 x g 0.22 µm only 

7 2,711 x g 50,000 rpm    = 256,861 x g 0.22 µm only 

 
8 None None 

1.0 µm, 0.80 µm, 0.45 µm, 

then 0.22 µm 

9 None None 0.22 µm only 

Table 2: Summary of which samples were compared for analysis of the three potential 

confounding factors during the MCF extraction protocol. 

 Potentially confounding factor Sample numbers 
1
  

 (1) Preliminary spin 1, 5, 6, 7  

 (2) Post-processing filtration 8, 9  

 (3) Treatment speed / centrifugal force 1, 2, 3, 4, 5, 6, 7, 8, 9  
1
 Refer to Table 1 for sample specifications
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Samples were prepared for NMR scanning by diluting them to contain 10% internal 

standard solution (Chenomx Inc., Edmonton Canada) on the day of the scans. The internal 

standard solution contained 5 mM 2,2-Dimethyl-2-silapentane-5-sulfonate-d6 sodium salt (DSS-

d6), which was used as a chemical shape indicator when profiling NMR spectra, dissolved in 

99.9% D2O and contained 0.2% w/v sodium azide. Samples were scanned on a 600 MHz Avance 

Bruker spectrometer, equipped with a Triple Resonance Probe (TXI 600). Scanning was 

conducted in a single batch using the Nuclear Overhauser effect spectroscopy (NOESY) 

experiment sequence as required by Chenomx NMR Suite (Chenomx, Edmonton, AB, Canada). 

The spectra obtained from the samples were processed and profiled using Chenomx NMR suite 

7.7-8.0, which allowed for manual baseline, phase, and shim corrections. Peaks were ascribed a 

chemical identity through comparison to a compound library, which includes individual 

reference compounds. Relative concentrations of identified compounds were compared to the 

known concentration of the internal standard (DSS) to achieve quantification of concentration 

(Weljie et al. 2006). Concentrations were analyzed statistically for differences using the 

Student’s t-test at the 95% confidence level and linear regression modeling tested by ANOVA in 

Prism version 6.05 (GraphPad). 

In consideration of the last variable—minimization of the amount of feces required—a 

fecal sample from a 7.72 year old NT female was used. Varying amounts of feces were 

homogenized with varying volumes of autoclave-sterilized phosphate buffered saline (PBS, Bio 

Basic, Markham, ON, Canada) using a Tekmar Stomacher Lab Blender (Seward; Worthing, 

West Sussex, UK) according to the scheme in Table 3. The fecal slurries (n=6) were 

ultracentrifuged at 256,861 x g for 2 hours at 4
o
C. The resulting supernatant was filtered through 

a 0.22 µm filter in a single-step, in duplicate, and submitted for 1-D 
1
H NMR analysis. 
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Table 3: Fecal water concentrations for development of the MCF extraction protocol 

Ratio No. 1 2 3 4 5 6 

Weight of Feces 2.6 g 5.6 g 8.2 g 15.2 g 9.1 g 20.6 g 

Volume of PBS 30 mL 30 mL 30 mL 60 mL 30 mL 60 mL 

Weight per Volume 

Concentration 

0.0867 

g/mL 

0.1867 

g/mL 

0.2733 

g/mL 

0.2533 

g/mL 

0.3033 

g/mL 

0.3433 

g/mL 

 

2.4 Extraction of Fecal Water MCFs 

Results from development of the MCF extraction protocol were used to stipulate the 

conditions for all future MCF extractions. To prepare the fecal water samples, approximately 7 g 

of thawed feces was added to 28 mL of autoclave-sterilized PBS and homogenized for 2 minutes 

using the stomacher lab blender. The resultant slurry was added directly to the ultracentrifuge 

tube. No preliminary spin was performed. Samples were ultracentrifuged at 92,470 x g for 2 

hours at 4
o
C, promptly removed, and the supernatant was decanted in its entirety and 

immediately filtered, in a single step, under a Bunsen flame. If the supernatant was impassable in 

a single step, then serial filtration (as described earlier; sequential filtration through decreasing 

pore sizes) was used. The final filtrate (the MCF) was submitted for 1-D 
1
H NMR analysis and 

stored at 4
o
C until use. All MCFs were tested to ensure no bacterial growth in aerobic and 

anaerobic conditions on fastidious anaerobe agar plates (Acumedia; Lansing, MI, USA) 

supplemented with 5% defibrinated sheep’s blood (Hemostat Labs; Dixon, CA, USA; sFAA). 

 

2.5 Standardization of Fecal Water MCFs 

To account for varying degrees of water content in the fecal samples, the masses of the 

samples before and after decantation of the ultracentrifuged supernatant were recorded to yield a 

solid-to-liquid weight ratio (SLR, Appendix Table A.7). This ratio was used to calculate a 

standardized concentration of the fecal water samples. 
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Objective #2: Culture, perturb, and measure gut microbial communities and their metabolic 

products in the chemostat 

 

2.6 Chemostat Set-Up 

The protocol used for chemostat preparation and maintenance was outlined in detail by 

McDonald et al. (2013). These methods were followed with few changes (which will be noted in 

brief below). 

Two chemostat vessels (Multifors bioreactors, Infors, Switzerland) were set-up and 

maintained for 30 days at conditions designed to mimic the distal human gut: 37ºC, pH 7, gentle 

agitation, under positive pressure with O2-free N2 (filtered through 0.22 µm), and fed at a flow 

rate of 500 mL/day (24 hour retention time). To begin, the two vessels were pH calibrated and 

sterilized the day prior to inoculation, and sterile medium was transferred to each vessel. 

Immediately before seeding the vessels, the un-inoculated medium contents were sampled 

aseptically and plated on sFAA plates aerobically and anaerobically to confirm lack of bacterial 

contamination.  

 

2.7 Chemostat Inoculation 

Fecal slurries of two participants, one ASD and one NT, were selected to be cultured in 

the chemostat. The ASD participant (later called participant B), a 4.39 year old male, 

experienced a severe behavioral regression at 15 months, accompanied by diarrhea, extreme 

bloating, constipation, gassiness, and undigested food. The child began a gluten-free, casein-free, 

soy free diet at 18 months old, and was recently switched to a gut and psychology syndrome 

(GAPS) diet, which consists of multiple stages and aims to detoxify a disturbed gut microbiota. 
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Treatment with metronidazole (brand name Flagyl®, used to treat anaerobic infections, such as 

C. difficile infection of the gut; Murray and Shea 2004) at 2 years old improved GI symptoms. 

The NT participant (later called participant N), a 5.97 year old male, had never been prescribed 

nor received antibiotics (with the exception of topical ointments), was not a picky eater, and had 

a wide, varied diet. 

The frozen fecal samples in anaerobic supplemented TSB were used for inoculation 

because fresh fecal donation was not possible. To prepare for inoculation, the fecal samples were 

brought into an anaerobic chamber (atmosphere 90% N2, 5% CO2 and 5% H2). Once thawed, 5 g 

of feces was homogenized in 50 mL of sterile, anaerobic chemostat medium (recipe in Appendix 

Table A.8) using the stomacher lab blender. This process was repeated in triplicate for a total of 

150 mL of 10% (w/v) fecal slurry for each of the ASD and NT fecal samples. Slow 

centrifugation at 175 x g for 10 minutes pelleted large particulates from the fecal slurries. 

Immediately, 100 mL of the respective supernatants were transferred into 400 mL of sterile 

medium contained in either vessel. Following seeding, the vessels were allowed to equilibrate 

overnight before the feed line was turned on, and fresh medium began being pumped in at the 

same rate that waste was pumped out. 

 

2.8 Chemostat Maintenance 

pH was maintained through the automated addition of 5% HCl (w/v; Fisher Scientific, 

Nepean, ON, Canada) and 5% NaOH (w/v; Fisher Chemicals, Fair Lawn, NJ, USA), both of 

which were 0.22 µm filter sterilized. Sterile antifoam agent (J.T. Baker, Center Valley, 

Pennsylvania) was added every other day to minimize foam build-up on the surface of the 

culture contents. Both vessels were sampled aseptically each day of operation, and the samples 
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were stored immediately at -80
o
C. Feed medium bottles were aseptically changed every 3 days, 

and the remaining medium in each used bottle was tested for bacterial contamination by plating 

on sFAA plates aerobically and anaerobically. 

 

2.9 Chemostat Perturbation with Vancomycin 

Because steady-state is achieved approximately 3 weeks after inoculation (McDonald et 

al. 2013), experimental perturbation was planned to begin on day 24 post-inoculation. 

Vancomycin (VA; Vancomycin hydrochloride from Streptomyces orientalis, Sigma Aldrich, 

Saint Louis, MO, USA) was used as the perturbing agent, due to its relevance as a non-absorbed 

antibiotic with enteric activity against Gram-positive bacteria. Solutions of VA were made in 

double distilled water (ddH2O) to a concentration of 83.3 mg/mL, then 0.22 µm filter sterilized 

in the biological safety cabinet (BSC, Labconco) and stored in 2 mL aliquots at 4
o
C until 

immediately before introduction to the chemostat vessels. VA was added every 8 hours to both 

vessels, at the clinically-recommended cumulative dose of 500 mg/day, which is a 

physiologically relevant dosage and timing for VA treatment of children (Sandler et al. 2000). 

VA treatment proceeded for 6 days (day 30 post-inoculation) before the vessels were shut down. 

A large sample (100 mL) was collected from the vessels each day from day 24 through day 30, 

yielding 1 pre-VA sample and 6 post-VA samples that were used for metabolite analysis. The 

samples were frozen in bulk at -20
o
C. 

 

2.10 Extraction of Chemostat Effluent MCFs from Vancomycin Treatment 

MCFs were produced from the 1 pre-VA sample and 6 post-VA samples for both the 

ASD and NT vessels. The same protocol for MCF extraction was followed as stipulated for fecal 
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water samples (section 2.4; 92,470 x g, 2 hours, 4
o
C), with one adjustment; because the sample 

was liquid (not feces), chemostat effluent was thawed completely, vortexed to homogenize, and 

added directly to the ultracentrifuge tube before spinning. The MCFs produced from these 

samples were submitted for 1-D 
1
H NMR analysis alongside the fecal water MCFs. Principal 

component analysis (PCA) was used to infer differences between datasets in hopes of identifying 

abnormal gut microbe-derived metabolite profiles between donors, and before and after addition 

of VA. 

 

2.11 Determination of Chemostat Steady-State via 16S-DGGE 

16S-DGGE was carried out according to the methods outlined in McDonald et al. 2013 in 

order to establish the achievement of steady-state in both chemostat vessels. Briefly, pre- and 

post- treatment samples were subjected to DNA extraction via a commercially available kit 

(Maxwell® 16 Cell DNA Purification Kit, Promega, Fitchburg, WI USA). The extracted DNA 

was subjected to PCR amplification of the V3 region of the 16S rRNA gene using primers HDA1 

and HDA2, 1X Thermopol reaction buffer with 2 mM MgSO4 (NEB; Whitby, Ontario, Canada), 

20 mM dNTP’s (Invitrogen; Burlington, Ontario, Canada), Tsg DNA polymerase (Bio Basic; 

Markham, Ontario, Canada), and 1 μL of extracted DNA. The PCR conditions were 92°C for 2 

min; 35 cycles of 92°C for 1 minute, 55°C for 30 seconds, 72°C for 1 minute; and 72°C for 10 

minutes. Each template was amplified in triplicate, then the products were pooled, concentrated, 

and purified (EZ-10 Spin Column PCR Products Purification Kit, Bio Basic; Markham, Ontario, 

Canada). Samples were run on a 6% (v/v) polyacrylamide denaturing gradient (from 2.1 M urea 

and 12% formamide to 3.85 M urea and 22% formamide) gel alongside a previously constructed 

16S-DGGE ladder standard (McDonald et al. 2013). The gels were run at 60
o
C and 120V in 1X 
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TAE (Tris/acetic acid/EDTA) buffer (Table A7) for 5 hours, and stained with ethidium bromide 

(Sigma-Aldrich; St. Louis, MO, USA). The imaging software Syngene GeneTools (version 

4.01.03, Synoptics Ltd) was used to analyze the gels, and banding patterns were ascertained 

using Pearson correlation coefficients to give similarity indices (%SI). A low %SI value (%SI=0) 

indicates zero commonalities, whereas a high %SI value (%SI=1) indicates an identical banding 

pattern. By applying moving window correlation analysis to the %SI values (comparing 

sequential samples with each other), the stability of the community over time can be quantified, 

and the time at which steady-state occurs can be calculated as the point when the change in %SI 

is no greater than 5% above the gel-specific cut-off threshold (Marzorati et al. 2008). 
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Objective #3: Test MCFs for colonocyte cytokine production 

 

2.12 Caco-2 Tissue Culture Cell Maintenance 

Caco-2 cells were utilized due to their ability to polarize and form tight junctions (Rao 

and Sankar 2009). The Caco-2 cell line HTB-37
 TM

 was obtained from American Type Culture 

Collection (ATCC) (Manassas, VA, USA). Cells from passages 4-12 were counted using a 

hemacytometer (Bright-Line Reichert-Jung, Cambridge Instruments, Buffalo, NY, USA), and 

seeded into 24 well tissue culture plates (Falcon, Corning Inc, Durham, NC, USA) at 1.8 x 10
4
 

cells/cm
2
. Cells were incubated at 37

o
C with 5% CO2, and supplied Dulbecco's modified Eagle’s 

medium (DMEM) with high glucose, 4.00 mM L-Glutamine, 4500 mg/L glucose, and sodium 

pyruvate; (HyClone, London, UT, USA) supplemented with 10% non-heat-inactivated fetal 

bovine serum (FBS, qualified, Gibco, origin Canada) and 1% sodium pyruvate (BioWhittaker 

Lonza, Walkersville, MD, USA). Medium was sterilized via filter sterilization using 0.22 µm 

filters (Corning; Corning, New York, USA). Medium changes occurred every 2-3 days for 21 

days to allow for differentiation of the monolayer. During medium changes and passage splitting, 

5 µg/ml plasmocin prophylactic (InvivoGen, San Diego, CA, USA) was added to the medium. 

Wash steps were 1 minute with sterile PBS+, which is PBS with 0.1 g/L calcium chloride (BDH 

Chemicals, Poole, England). All tissue culture procedures were performed in a BSC. 

 

2.13 MCF Treatment of Caco-2 Cells 

At day 2, the confluent monolayers of cells were treated with the MCF samples, in 

triplicate. Two different treatments were performed: (1) chemostat effluent MCF and (2) fecal 

water MCF (diagrammed in Figure 4). 
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Figure 4: Outline of the different MCF treatments on Caco-2 cells. The volumes of MCF 

added to the cell medium for each treatment are indicated. Chemostat effluent MCF was used 

in the first assay, whereas fecal water MCF was used for the second assay. Due to variation in 

the solid-to-liquid ratio (SLR) between different fecal samples, the fecal waters were diluted 

with PBS to achieve a uniform dilution and total volume (see Appendix Table A.7). Controls 

were added to the same total volume as the fecal water assay. Controls used: 0.1 mg/mL 

DCA, 0.1 mg/mL LPS, 0.1 mL/mL PBS, 0.1 mL/mL H2O. 
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Chemostat effluent MCFs were added to the medium above the Caco-2 monolayer in a 

1:10 (v/v) ratio of MCF to medium (per Yeh et al. 2007). The fecal water samples were not 

added in the same fashion. Instead, the fecal water MCFs were first diluted with varying volumes 

of sterile PBS, according to a M1V1=M2V2 dilution calculation using the tabulated SLRs for 

each MCF (Appendix Table A.7). Together, the total volume of fecal water MCF plus PBS 

always reached a 1:5 (v/v) ratio. The dilution scheme used the SLRs (section 2.5) to adjust each 

fecal water to a final concentration of 10 ng/mL (solid fecal material per total liquid). The 

purpose of this dilution scheme is to account for the inherently-variable amount of water between 

different participant’s fecal sample donations. Treated cells were incubated for 24 hours in a cell 

culture incubator before the medium samples were collected and frozen in aliquots at -20
o
C. 

Sterile PBS and HPLC-grade water (Caledon Laboratories, Georgetown, ON, Canada) 

were each used as negative controls at a 1:5 (v/v) ratio, mimicking the volume of the MCF 

treatments. Two positive controls were tested: deoxycholic acid (DCA; Sigma) dissolved in 

sterile PBS to give a stock concentration of 2 mg/mL (w/v); and lipopolysaccharide (LPS, 

lipopolysaccharides from Escherichia coli serotype 055:B5, Invitrogen) dissolved in 20% EtOH 

and 80% sterile PBS to give a stock concentration of 10 mg/mL (w/v). DCA is known to have a 

strongly permeating and cytotoxic effect on Caco-2 cells (Hughes et al. 2008; Samstein et al. 

2008), and was tested at 0.1 mg/mL (per Klinder et al. 2007). LPS is a recognized trigger of the 

human inflammatory response (Zheng et al. 2012), and was tested at 0.1 mg/mL (per Hollebeeck 

et al. 2012). 
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2.14 Cytokine Assays 

Supernatant samples from Caco-2 cells treated with MCF were kept frozen for at least 24 

hours before thawing for cytokine content analysis using commercialized sandwich ELISA kits 

(eBioscience, Ready-SET-go, San Diego, CA, USA). Four human cytokines were examined: IL-

6, IL-8, TNF-α, and TGF-β. All reagents were provided in the eBioscience kits except ELISA 

wash buffer, made from PBS and 0.05% Tween 20 (Bio-Rad, Hercules, CA, USA) and 1M 

phosphoric acid (85%, Fisher Scientific). 

Briefly, high binding polystyrene 96 well plates (Corning Costar, Lowell, MA, USA) 

were coated with the respective capture antibody in coating buffer and incubated overnight at 

4
o
C. Plates were washed, then blocked for 2 hours at room temperature. Following a further 

wash step, standards and the thawed aliquots of supernatants from MCF treated Caco-2 cells 

were added to the plate in triplicate, and incubated overnight at 4
o
C. On the day of spectroscopic 

analysis, detection antibody, pre-titrated avidin-horseradish peroxidase (HRP) enzyme, 

tetramethylbenzidine (TMB) substrate, and stop solution were added sequentially with 

incubation at varying times at room temperature, interspersed by wash steps (according to 

manufacturer’s instructions). Absorbance at 450 nm was measured immediately following 

addition of the stop solution on a Victor 3V absorbance plate reader (PerkinElmer 1420 

Multilabel Counter, Waltham, MA USA). Absorbance values were normalized using the line of 

best fit generated by the standard curve. ANOVA was applied to assess the significance of 

differences seen between datasets in Prism version 6.05 (GraphPad). 
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Chapter 3. RESULTS 

 

3.1 Development of MCF Extraction Protocol 

Four features were assessed for development of the MCF extraction protocol: (1) 

necessity of a preliminary spin, (2) post-processing filtration, (3) treatment speed/centrifugal 

force, and (4) minimization of the amount of feces required. 

1-D 
1
H-NMR quantified 42 and 52 high confidence compounds from the duplicate runs 

used to examine features (1) and (2). The individual metabolite concentrations of samples 

subjected to a preliminary (pre-) spin versus no pre-spin were analyzed using multiple linear 

regression (MLR), a simplified model composed of terms representing different factors with the 

potential to bias metabolite profiling (Yen 2014). Some of the factors chosen were 

ultracentrifugation speed, replicate number, and pre-spin. No compounds differed significantly 

(p < 0.05) in both runs, as tested by the Student’s t-test at the 95% confidence level, in regards to 

the pre-spin (Appendix Figures A.9 and A.10). Visualization by principal component analysis 

(PCA) further demonstrated the insignificant effect of a pre-spin on the metabolite profiles, even 

at high and low ultracentrifugation speeds (Figure 5A). Similarly, no significant difference was 

detected between samples that were post-processed via single-step versus serial filtration as 

tested by ANOVA (no p < 0.05, Appendix Figure A.11). 

Unlike the pre-spin and post-process filtering, treatment speed did affect the metabolite 

profile. In the duplicate experiments used to assess the effect of ultracentrifugation speed on 

metabolite concentrations, 1-D 
1
H-NMR quantified 52 and 53 compounds, respectively, with 

high confidence.  
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Figure 5: Effects of ultracentrifuge conditions on metabolite profiling visualized via principal 

component analysis (PCA). (A) Change in metabolite profiling due to a preliminary spin 

across varying ultracentrifugation speeds. The principal components (PCs), listed in 

decreasing order of magnitude, indicate the four vectors of the multidimensional dataset that 

account for the greatest amount of variance in the metabolite concentrations. Pre-spun 

samples clustered closely to non-pre-spun samples of the same subsequent ultracentrifugation 

speed. On the contrary, ultracentrifugation speed was associated with a divergence of 

metabolite profile clustering. (B) Increasing ultracentrifugation speed increased the 

concentration of p-cresol. (Trends for duplicate runs presented.) P-cresol was the only 

compound that displayed a dramatic increase in concentration in response to increasing speed. 
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The MLR data highlight multiple compounds whose concentrations displayed significant 

dependence on ultracentrifugation speed (Appendix Figure A.9). Most compounds demonstrated 

a linear decrease in concentration as ultracentrifuge speed increased (Appendix Figure A.12). By 

using ANOVA on the linear regression model, a percent change per increase in speed was 

obtained (Appendix Tables A.13 and A.14). On average, the concentration change per 10,000 

rpm increase was -2.1% + 0.85% from replicate 1 and -2.0% + 0.73% from replicate 2. 

However, one important exception occurred. P-cresol demonstrated an alarming 

susceptibility to ultracentrifugation speed (Figure 5B). Unlike the other compounds, p-cresol 

increased in concentration as speed increased. In fact, the concentration change per 10,000 rpm 

increase was +49.5% from replicate 1 and +41.3% from replicate 2. 

The final feature considered was the minimum amount of feces required during MCF 

extraction to produce readable NMR spectra. 39 compounds were identified with high 

confidence, though decreasing fecal mass made identification more difficult. All but one 

compound (ethanol) demonstrated a significant linear relationship between fecal mass used to 

create the MCF and compound concentration (Appendix Figure A.15). The signal-to-noise ratio 

worsened as the mass of feces per volume of PBS decreased (Appendix Figure A.16). 

 

3.2 Participant and Fecal Water MCF Characteristics 

 The cohort included 34 participants: 19 ASD and 15 NT. A two-tailed un-paired 

Student’s t-test assuming equal variances confirmed an insignificant difference in the distribution 

of age (p=0.33, t =0.99, df=32). The characteristics of the participants are summarized in Table 

4. The entire cohort was used for all analyses, with the exception of when noncompliance 

interfered with the experimental timeline (Figure 6).  
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Figure 6: Flowchart outlining participant recruitment. Not all participants provided a fecal 

donation when requested, and some provided the fecal donation at a later time. This decreased 

the number of participant samples that could be (1) subjected to the cytokine assay and (2) 

age- and gender-matched. 



44 

 

Every attempt was made to age- and gender-match the participants between the 

neurotypes. To maximize the number of matches, sometimes more than two individuals were 

included in a pairing. In other words, the same participant from one neurotype may have been 

matched to more than one participant from the other neurotype. This occurred 7 times, such that 

the 29 participants yielded 18 matches. The average, minimum, and maximum age gap of these 

matches was 0.26 yr, 0.08 yr, and 0.51 yr, respectively. 

 

Table 4: Comparative characteristics of all included ASD and NT participants. Comparative 

details for age- and gender-matched participants only in Appendix Table A.17 

 
Average 

Age (yr) 

Age 

Range (yr) 

Male : 

Female 

Restrictive 

Diet 

% Antibiotic 

exposure in life 

% Antibiotic exposure 

within 6 months 

ASD 

(n=19) 
5.27 + 0.44 

Min:1.79 

Max: 8.67 
16:3 84% 

1 
84% 16% 

NT 

(n=15) 
5.88 + 0.49 

Min: 2.65 

Max: 8.77 
13:2 13% 

2 
33% 

3 
0% 

1
 Includes self-imposed and parent/guardian imposed restrictions 

2
 Participants were vegetarian / partially vegetarian 

3
 Exposure was restricted to at least 2 years prior to fecal sample donation 

 

By parental report, 16% of the ASD children had notable carbohydrate or starch cravings. 

Additionally, 21% of the ASD children were called “picky” eaters (full delineation of dietary 

restrictions in Table 5). The average ATEC (autism treatment evaluation checklist) score fell into 

the 70-79 percentile for ASD severity (score breakdown in Appendix Table A.18).  

 

Table 5: ASD-specific participant details (n=19) 

Average 

ATEC  

score 
1 

Average 

Age at onset 

of ASD (yr) 

% GI and/or 

behavioral change in 

response to antibiotic
2 

Dietary Restrictions 

Gluten 

Free 

Casein 

Free 

Soy 

Free 

Sugar 

Free 
GAPS 

3 

83 + 17 1.43 + 0.64 69% 42% 47% 16% 21% 16% 

1
 Evaluated by parents 

2
 Excludes 3 participants whom parents report have never been exposed to antibiotics 

3
 Gut and Psychology Syndrome diet 
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ASD participant characteristics were analyzed using the D'Agostino & Pearson omnibus 

K2 normality test to detect any bimodal tendencies within the group. The characteristics 

analyzed were (1) ATEC score, (2) age at onset of ASD symptomology, (3) time since ASD 

onset, (4) age at donation, and (5) SLR of the fecal sample. For all parameters, the null 

hypothesis assumed the neurotype group was sampled from a normal (Gaussian) distribution. 

Passing this test at the 95% confidence interval (p > 0.05) indicated normal, unimodal 

distribution. Failure to satisfy this test (p < 0.05) indicated a multimodal distribution, suggesting 

the presence of a subgroup. Characteristics (1) - (4) passed the test with p values of 0.063, 0.594, 

0.309, and 0.653, respectively. 

To calculate the SLR of the fecal samples, all masses were recorded during the 

ultracentrifuge production of the fecal water MCFs (see Appendix Table A.7). The range of the 

fecal water SLRs across the combined neurotypes was 0.081 to 0.298 g/mL. A small SLR 

corresponded to higher water content in the fecal water product (at extreme, diarrhea); a large 

SLR corresponded to higher solid content in the fecal water product (at extreme, constipation). 

Normality testing was performed using the null hypothesis that both neurotypes were sampled 

from a unimodal distribution of SLRs at the 95% confidence interval. The NT neurotype passed 

the normality test (p=0.803), indicating normal distribution. However, the ASD neurotype did 

not pass the normality test (p=0.045). The asymmetrical scattering of SLRs in the ASD group 

combined with the failed normality test support a bimodal ASD data set. This subgroup of ASD 

participants (n=11/19) had statistically lower SLRs than the average NT SLR (p=0.039, 

Student’s t-test, Figure 7). 
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Figure 7: Ranges of SLRs between neurotypes. The bimodal distribution of SLRs in the ASD 

neurotype identified a statistically significant (* p=0.039) subgroup of ASD participants with 

lower SLRs than the NT group. Box and whiskers outline interquartile and total ranges, 

respectively, for the neurotypes. The mean SLRs are: NT 0.173 + 0.0413 g/mL, ASD high 

0.199 + 0.0420 g/mL, and ASD low 0.109 + 0.0211 g/mL. 
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3.3 Participant MCF 1-D 
1
H NMR Profiles 

 1-D 
1
H NMR identified 56 compounds, with high confidence, from the metabolite 

profiles of the participant fecal water MCFs. In order to compare the global profiles, a 

specialized process called “spectral binning” was performed that rendered information on 

unprofiled peaks in the spectra. Collectively, the known peaks (as determined by matching to the 

NMR library) and the unprofiled peaks composed the spectra. Modeling spectral binning 

revealed that these fecal water MCFs were very complex, as the largest principle component 

(PC) could only account for 12.8% of total variance of the 34 participants (Figure 8). 

To further expand upon the information rendered from the global metabolite profile data, 

the concentrations of each individual compound were also compared between neurotype 

matches. Most concentrations were similar between the ASD and NT pairs (Appendix Figure 

A.19), with the exception of the profiles from 8 participants that displayed outlying 

concentrations across multiple compounds (Table 6). Of these, 6 participant samples (A-F) 

corresponded to points further away from the cluster in the PCA plot, and the remaining 2 

outliers (G and H) were also highlighted for reference (Figure 8). 

  

Table 6: Participant MCFs with multiple compounds at outlying concentrations 

Neurotype: ASD
 

NT 

Participant MCF Sample: A
 

B C D E
 

F G H 

Number of Outlying 

Compounds: 
17 16 13 11 11 9 14 14 

Normalized succinate 

concentration (mM/g feces): 
0.767 3.15 3.52 2.54 0.0365 2.35 2.29 1.08 

Elevated compared to cohort? Yes Yes Yes Yes No Yes Yes Yes 

SLR (g/mL): 0.095 0.083 0.081 0.109 0.123 0.186 0.096 0.119 

Low ranging? Yes Yes Yes Yes Yes N/A N/A N/A 
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Figure 8: PCA score plot modeling metabolite and spectral binning data of all fecal water 

MCF metabolite profiles, performed in triplicate. Neurotype (ASD, NT) is differentiated by 

color. The 95% confidence intervals were drawn around the known neurotypes and do not 

reflect statistical analysis performed on the metabolite profiles. 13 participants were 

highlighted by letter demarcation, for reference. The remaining samples were not labeled to 

prevent cluttering. Participant A was omitted on this PCA plot as an outlier. 
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Of all the individual compounds, succinate demonstrated consistent divergence compared 

to the other detected metabolites. 8 participant samples (A, B, C, D, F, G, H, J, and M) contained 

succinnate levels at 1.0-3.5 orders of magnitude greater than those of the remaining participants 

(Figure 9A). Of these samples, 5 were from ASD participants, and all were associated with low-

ranging SLRs (Figure 7). Trends for other intermediary metabolites and SCFA compounds held 

for 3 or less age- and gender-matched pairs (Appendix Figure A.20). 

Relative intermediary metabolites and SCFA concentrations between the 18 neurotype 

pairs (age- and gender-matched) were compared using a Kernel density plot (Figure 9B). Area to 

the right of 0 signified pairs where the ASD MCF contained a higher concentration of the given 

compound than the NT match. Likewise, area to the left of 0 signified pairs where the NT MCF 

contained a higher concentration than the ASD match. The x-axis ranged from the neurotype 

match where the concentration in the NT MCF most exceeded the ASD MCF concentration (left 

side, not shaded) to the match where the concentration in the ASD most exceeded the NT (right 

side, shaded). Gaussian distribution centered at x=0 would indicate that, on average, the 

concentration was similar between the ASD and NT MCFs. This feature can be further 

extrapolated from the number of pairs found to the left or right of 0. A distribution peaking to 

left or right of 0 suggested that the concentration was different between the two neurotypes, on 

average.  

Propionate and valerate demonstrated the greatest relative concentration differences 

between the matches, where the concentration from the ASD MCF exceeded the NT MCF in 

n=13 and n=12 matches, respectively. Fumarate, isobutyrate, and isovalerate also displayed this 

trend, each with n=11 matches where the concentration in ASD MCF exceeded the NT. 
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Figure 9: Select compound concentrations between age- and gender-matches. (A) Succinate 

levels compared between age- and gender-matched participant pairs. 8 participant samples (5 

ASD) contained levels that were 1.0-3.5 orders of magnitude greater than their match. (B) 

Density plot representing the relative difference in intermediary metabolites and SCFA 

concentrations between age- and gender-matched pairs. An x value of 0 indicates no 

difference in concentration between the two members of the pair. The non shaded area (left 

side) represents all instances where the NT concentration exceeded the ASD concentration. 

Correspondingly, the shaded area (right side) represents all instances where the ASD 

concentration exceeded the NT concentration. The greater the distance from 0, the greater the 

difference between the neurotype concentrations. The n value (listed in the top corners) 

indicates the number of age-and gender-matched pairs occurring on either side of 0. The area 

below the curve corresponds to the likelihood of observing a given x value. 
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3.4 Analysis of Chemostat Communities 

The fecal water MCF of the NT donor for the chemostat experiments (participant N) 

displayed no outlying concentrations of any compounds, and the profile demonstrated group-

clustering behavior in the PCA plot (Figure 8). Conversely, the fecal water MCF of the ASD 

donor (participant B) displayed 16 outlying compounds (Table 6) and this profile clustered 

outside of the group (Figure 8). The metabolite profiles generated from the two different donors 

clustered based on MCF type rather than by donor (Figure 10). Compared to chemostat effluent 

from adult donors, the ASD and NT chemostats demonstrated separation along the vector 

containing 1,3-dihydroxyacetone, cadaverine, 2-oxoglutarate, formate, p-cresol, uracil, betaine, 

and N-acetylglucosamine as the major components. With respect to separation between one 

another, the ASD and NT chemostats separated along the vector containing benzoate, acetate, 

propionate, valerate, pimelate, sebacate, and lactate. Preliminarily, it would appear that the ASD 

and NT chemostats were distinguishable by carboxylic acid content. 

Both chemostat vessels were assessed retrospectively for attainment of steady-state. 

Moving window correlation analysis was applied to the 16S-DGGE gels (Appendix Figure A.21) 

to generate %SI (similarity index) matrices and dendrograms comparing Days 0-30 of the 

chemostat runs (Appendix Table A.22 and Figure A.23). VA was added after sampling on Day 

24, thus Day 24 is Day 0 with respect to VA, and Day 30 is Day 6 with respect to VA. Steady-

state was attained at Days 14 and 12 in the NT and ASD vessels, respectively (Figure 11). 
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Figure 10: PCA comparison of the fecal water versus chemostat effluent MCF metabolite 

profiles. Chemostat effluent was collected before vancomycin administration on Day 24. The 

ASD donor was participant B; the NT donor was participant N. 
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Figure 11: Determination of steady state by moving window correlation analysis. NT (top) 

and ASD (bottom) vessels were compared using rate-of-change values (%SI). The gel-

specific cut-off values are indicated. Below this line (— — —), samples were considered 

identical. Below the cut-off (+5.0%) line (– – – – –), samples were considered similar. 
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VA induced sharp changes in the 16S-DGGE, global metabolite profiles, and individual 

compound concentrations (Figure 12). These changes were similar between the two chemostats, 

regardless of the fact that the modeled ecosystems originated from different neurotype donors. 

Individual metabolite trends were also similar between the neurotypes (Appendix Figure A.24). 

Increased amino acid and decreased SCFA (propionate, valerate, and isovalerate) concentrations 

were observed. Additionally, there was a transient increase in the concentrations of certain 

carbohydrates: glucose, fructose, arabinose, and, to a lesser extent, galactose. These compounds 

reached maximum concentration around Day 3-4 of the VA treatment, before decreasing. Also, 

despite the >200 fold difference in concentration of succinate between the fecal water MCFs of 

the two chemostat donors, the concentrations measured from either chemostat fell within the 

same range (Figure 12C). 

 

3.5 Cytokine Assays  

Caco-2 cells challenged with MCF were assessed for secretion of the human cytokines 

IL-6, IL-8, TNF-α, and TGF-β. Despite reference in the literature to the fact that Caco-2 cells are 

able to secrete IL-6 and TNF-α (Calatayud et al. 2015), no detectable levels of these two 

cytokines were measured (even from positive controls, Appendix Figure A.25). TGF-β was 

detected, but levels were indistinguishable between positive and negative controls (Appendix 

Figure A.25). Further measurement of these cytokines was not pursued. 
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Figure 12: Effects of VA administration on chemostat microbial ecosystem. Comparing Days 

1-6 of VA administration to the time point immediately prior to initiation of antibiotic 

treatment (Day 0) using (A) percent similarity (%SI), (B) concentration of succinate 

(concentrations in original fecal water MCF also provided for reference), and (C) PCA plot. 
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IL-8 secretion was successfully measured in Caco-2 cells treated with MCF (Appendix 

Table A.26). The mean IL-8 concentration detected in the ASD neurotype was 25.53 + 4.68 

pg/mL, and 13.58 + 4.49 pg/mL in the NT neurotype. One-way ANOVA does not yield a 

statistically significant difference between these two distributions (p=0.077). One statistical 

outlier was identified in the NT group: participant G (IL-8 concentration of 69.26 pg/mL). When 

this outlier was omitted from ANOVA, the mean NT IL-8 concentration shifted to 9.60 + 2.25 

pg/mL, and the difference between the two neurotypes became significant (p=0.0077, Figure 

13A). The ASD neurotype appeared to have a bimodal trend, although deviation from normal 

distribution was not statistically significant (p=0.1300) using the D'Agostino & Pearson omnibus 

K2 normality test (Figure 13B). The mean concentration of IL-8 produced by the high-trending 

ASD participants was 46.20 + 2.80 pg/mL (n=7), and 11.06 + 2.464 pg/mL (n=10) from the low-

trending group. If treated bimodally, there was a statistically significant difference between these 

two trends (p < 0.0001) using the Student’s t-test. Of the high trending ASD group (n=7), 6 

samples were in the statistically lower SLR group (Figure 14). 

A transient increase in IL-8 production was also detected when Caco-2 cells were treated 

with chemostat effluent MCF (Figure 15), followed by a decrease in both vessels. ASD MCF 

appeared to cause a higher IL-8 concentration during the transient increase compared to the NT 

MCF (Day 2 NT, Day 3 of ASD), however the difference between the magnitudes of these 

spikes were not statistically significant (Student’s t-test, p= 0.06388 at 95% CI). 
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Figure 13: Neurotype-grouped concentrations of IL-8 detected in Caco-2 cells treated with 

fecal water MCF. Box and whiskers outline interquartile and total ranges, respectively, for the 

neurotypes, excluding the NT outlier, participant G (). Statistically different averages are 

denoted by *. (A) Combined ASD neurotype group included in box. (B) ASD neurotype split 

into bimodal trend. MCFs were used at 0.2 mL/mL treatment concentration. Controls used: 

0.1 mg/mL DCA, 0.1 mg/mL LPS, 0.1 mL/mL PBS, 0.1 mL/mL H2O. 
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Figure 14: Comparison of ASD subgroup versus NT and remaining ASD participants. Left 

side of graph shows IL-8 concentrations (pg/mL) secreted by Caco-2 cells treated with fecal 

water MCF. An ASD subgroup induced higher secretion (n=7, green). This subgroup 

overlapped with another experimental measure, SLR data. Right side of graph displays the 

SLR data, with the ASD subgroup that elicited elevated IL-8 colored green. Within the ASD 

subgroup that demonstrated lower SLR values, n=6 induced elevated IL-8, n=5 displayed 

elevated succinate (data not shown in this Figure), and n=5 presented with abnormal global 

metabolite profiles (data not shown in this Figure). 
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Figure 15: Concentration of IL-8 detected in Caco-2 cells treated with chemostat effluent 

MCF. MCFs were used at 0.1 mL/mL treatment concentration. Controls used: 0.1 mg/mL 

DCA, 0.1 mg/mL LPS, 0.1 mL/mL PBS, 0.1 mL/mL H2O. 



 

60 

 

Chapter 4. DISCUSSION 

 

The overall goals of the work described in this thesis were to discover metabolic trends 

distinguishing ASD versus NT MCF samples and examine the inflammatory response induced 

by these MCFs on host colonocytes. To attain these goals, we screened participant fecal water 

MCFs (n=34) using 1-D 
1
H NMR. The metabolite profiles across the two neurotypes were 

further explored by culturing the gut microbiota of one ASD and one NT participant under the 

controlled condition of the chemostat. Metabolite profiles were observed before and after 

perturbation with VA for reactionary trends. Finally, the fecal water and chemostat MCFs were 

applied to host colonocytes, and the secretion of IL-8 was measured. 

 

4.1 Development of MCF Extraction Protocol 

Several factors were assessed for their influence on the metabolite profile of chemostat 

effluent MCF during ultracentrifugation. No significant impact in the metabolite profile was 

observed as a consequence of the occurrence/lack of a preliminary spin, nor type of post-

processing filtration, of chemostat effluent samples during the MCF extraction protocol. This 

finding suggests that decisions regarding the need for a preliminary spin and type of post-

processing filtration can be based solely on the nature of the sample. The amount of feces used 

during extraction did impact the metabolite profile insofar as more feces rendered more readable 

1-D 
1
H NMR spectra. The cutoff that satisfied both the minimization of fecal material and 

maximization of decipherability was found to be 0.25 g wet feces / mL solvent. 

In contrast, ultracentrifugation treatment speed did impact the metabolite profile of the 

chemostat effluent samples. For most compounds, increased ultracentrifuge speed only slightly 
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decreased compound concentration (average -2.05% + 0.79% per 10,000 rpm increase); 

however, this decreasing trend did not occur for one compound: p-cresol. For this molecule, an 

average increase in concentration of +45.40% per 10,000 rpm increase in ultracentrifugation 

speed was observed.  

P-cresol is a light-weight phenol associated with tyrosine metabolism. However, tyrosine 

did not display a similar trend to p-cresol. Several species of gut microbes, particularly 

anaerobes, are capable of producing and/or consuming p-cresol through a variety of mechanisms, 

such as tyrosine sulfation (Wikoffa et al. 2009). These microbes were removed during the 

process of ultracentrifugation, though. If the act of ultracentrifugation stressed the microbes, 

inducing p-cresol production, it would follow that other metabolite concentrations would be 

aberrant as well. It is possible that other sources of p-cresol were present in the MCF that were 

not detected by 1-D 
1
H NMR. Such sources could include high molecular weight compounds and 

proteins. The degradation of tyrosine-containing proteins during ultracentrifugation could 

explain the increase in p-cresol. 

It has been postulated that, in a subgroup of ASD individuals, potentially pathogenic gut 

microbes are present in abnormal abundances and produce increased levels of p-cresol and its 

conjugated derivative p-cresylsulfate (Yap et al. 2010; Persico and Napolioni 2012). Given the 

susceptibility of p-cresol concentration to the extraction method used in this thesis 

(ultracentrifugation), we conclude that the absolute values reported for p-cresol must be carefully 

interpreted, especially when samples are extracted via ultracentrifugation. 
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4.2 Participant Characteristics 

Recruitment of participants was necessary to obtain the fecal samples needed for this 

study. Participant compliance was an important factor during recruitment. Collectively, the REB 

process and collection of fecal donations took place over a two year period. Limited interest in 

the study (n=82, compared to the desired n=200) may be due to several reasons. For the NT 

group, it was difficult to convince the parents that this study would benefit their healthy children. 

For the ASD group, parents described feeling resigned to the “incurable” fate of ASD, and were 

therefore uninterested in participating in research designed to understand the disorder. Not all of 

the participants invited for donation (n=49) successfully provided fecal donations (n=34). 

Parents reported overwhelming life circumstances that impeded the ability to collect the fecal 

donation. Additionally, several of the initially selected donors were reluctant to provide a fecal 

sample, and refused participation. Of the donations that were received at the lab, some were 

severely delayed (time from sample kit delivery to participant to the time of donation made and 

received at lab was > 6 months, n=2) and/or were unable to be age- and gender matched as 

originally anticipated (n=5), resulting in a smaller cohort of matched participants (n=29). One 

future direction for this project is to enlarge the cohort to the originally intended size (n=40+). 

We attempted to profile many variables for this project during participant recruitment, 

including dietary preferences, but no prominent trends were noticed for these variables in 

correlation with any of the experimental variables measured: SLRs, metabolite compound 

concentrations, and in vitro elicited IL-8 concentrations. In particular, participant diet did not 

appear to impact any experimental variable. Previous studies indicated that diet could play an 

important role in the participant’s SLR, metabolite profile, or in vitro inflammatory response 

(Trivedi et al. 2014; Jyonouchi et al. 2005). For this reason, a trend was anticipated between 
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participant diet and at least one of the experimental measures, although this was not seen. Cohort 

size is the most likely reason for limited perception of a correlation between diet and the 

experimental variables. Other factors that could confound the dietary correlation include health 

and diet status of family members, concurrent biomedical or naturopathic interventions (e.g. 

supplements, probiotics), recent illness, or unreported bowel movement abnormalities. 

 

4.3 Fecal Water MCF Characteristics 

Fecal samples were evaluated prior to metabolite screening, and the SLR calculations 

yielded an interesting finding. The SLRs attempted to quantify the symptoms of diarrhea and 

constipation described by some individuals with ASD. Not only did a bimodal trend emerge 

from the SLRs of the ASD neurotype, supporting a subgroup of ASD individuals with diarrhea, 

but the overall range of SLRs in the ASD neurotype was larger, suggesting that ASD individuals 

experience both extremes, from diarrhea to constipation, in comparison to NT individuals. 

Ideally, a longitudinal study would help clarify whether or not these observations were 

descriptive of each participant’s normal state, or represented outlying samples. 

The ASD subgroup with low SLRs (diarrhea) highlighted the importance of identifying 

subgroups within the ASD diagnosis (Doshi-Velez et al. 2014). It is possible that the etiology of 

GI distress in these individuals may also stratify with these symptoms. If so, future investigations 

into the causes of ASD should carefully select participants that represent a subgroup, to 

maximize the elimination of confounding factors. 
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4.4 Participant MCF 1-D 
1
H NMR Profiles 

Participant fecal water MCF samples were subjected to 1-D 
1
H NMR in order to assess 

and compare the low molecular weight compound profiles. Large portions of the spectra were 

unable to be assigned to a metabolite identity using the 1-D 
1
H NMR library alone, likely due to 

a combination of noise and un-cataloged compounds. However, these un-cataloged compounds 

may play an important role in the metabolite profiling and distinguishability between neurotypes. 

Once candidate compounds are added to the library (a process which takes some time, but which 

is currently underway), the spectra of the ASD and NT neurotypes will be reevaluated to 

determine if any new trends emerge. As it stands, the metabolite profiles were assigned only with 

respect to the known compounds. 

Based on PCA data thus far, the unassigned peaks appeared to affect the global 

metabolite profiling trend. The ASD MCF samples displayed a wider diversity of metabolite 

profiles than the NT MCF samples. Like the SLRs, some ASD individuals grouped with the NT 

samples while a subgroup of ASD samples scattered away from the NT samples. However, the 

extreme variability between samples hindered the power of PCA analysis alone. The magnitude 

of each PC was comparatively small; thus, the two-dimensional visualization of the two largest 

PCs portrayed only one angle of the data. Increased cohort size and/or decreased number of 

metabolites may increase the visual power of PCA here. 

Examination of individual metabolite concentrations further developed the notion that a 

subgroup of ASD children had emerged from this cohort. A number of MCF samples, both ASD 

and NT, contained multiple compounds at outlying concentrations compared to average. Of the 

outlier ASD samples, all had low SLRs and scattered away from the NT samples in the PCA 
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plot. The same visual trend was not witnessed for the outlying NT samples, demonstrating the 

partial picture illustrated by PCA. 

No single compound was identified as a biomarker to distinguish ASD from NT MCFs. 

The closest trends identified were three metabolites,—propionate (SCFA), valerate (SCFA), and 

succinate (tricarboxylic acid cycle metabolite)—which where elevated in the majority of ASD 

samples, but not all. Other studies have identified altered SCFA and intermediary metabolite 

levels from urine, blood, and fecal samples of ASD individuals (Emond et al. 2013; Shaw 2010; 

Frye et al. 2012; Wang et al. 2012; Adams et al. 2011). The fact that only a portion of the ASD 

cohort demonstrated increased SCFA and intermediary metabolite concentrations was further 

support of the ASD subgroup previously noted. All but one of the ASD samples with elevated 

succinate levels (1) had low SLRs, (2) scattered apart from the NT group in the PCA plot, and 

(3) contained other compounds at outlying concentrations. Therefore, participants with outlying 

metabolite profiles were successfully identified; however, determination of the general trends 

underlying these metabolite profiles will require additional participant samples to further discern 

any patterns. 

In contrast, the concentrations of most other compounds were fairly similar between the 

neurotypes. This observation may support a core metabolome present among human beings, and 

further database integration is necessary to identify the components of gut microbial metabolite 

profiles in normal, healthy humans (Nicholson et al. 2012b). Similar to the concept of a core 

microbiome (Guinane and Cotter 2013; Jalanka-Tuovinen et al. 2011), where common microbial 

profiles and genomic data are present across many unrelated humans, the same may be true of 

metabolite profiles. Metabolite studies with larger cohort sizes would gain a more accurate idea 

of the core metabolome. 
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4.5 Analysis of Chemostat Communities 

The gut microbiota of one ASD and one NT participant were selected for culturing in the 

chemostat. Because the two donors were non-related individuals, the fecal and chemostat 

samples of the donors were expected to display identifiably different microbial ecosystems and 

metabolite profiles in comparison to one another, as seen in previous chemostat studies 

(McDonald et al. 2013). However, the metabolite profiles of the ASD and NT MCFs (fecal water 

versus chemostat samples at steady-state) did not maintain donor identifiability, as analyzed by 

PCA. Because the samples originated from different biological contexts, this disparity is 

unsurprising, and can be resolved through taxonomic profiling. Nonetheless, the two chemostats’ 

metabolite profiles did differ from one another in terms of carboxylic acid compounds.  

As a prospective experiment, sequence analysis of variable regions V3 and V4 of the 16S 

rRNA gene of the microbes present in the fecal and chemostat samples would generate 

information regarding the microbial ecosystems of the samples. Ideally, the microbial diversity 

and relative species abundances between a fecal inoculum and the corresponding chemostat 

contents (at steady-state) should closely resemble one another, and distinct differences would be 

seen between chemostats individually inoculated with stool from different donors (McDonald et 

al. 2013). The species responsible for these differences could possibly be linked to the divergent 

carboxylic acid concentrations observed between the two neurotypes. In the work presented in 

this thesis, the overall metabolic similarity between the ASD and NT chemostats would suggest 

that, despite divergent microbial diversities, the two ecosystems were able to generate similar 

metabolite profiles when maintained on identical medium recipes. 

On the other hand, if the microbial diversity and/or relative species abundances between 

the fecal samples and corresponding chemostat samples do not closely resemble one another, or 
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the samples are not distinctly different between the two donors, then this would call into question 

the validity of the particular chemostat conditions used in this project. 

This disparity may have stemmed from the use of frozen feces for inoculation of the 

chemostat. To date, no studies have explored the differences observed by sequencing and 

metabolomics when fresh versus frozen fecal samples are used in the chemostat. However, fresh 

versus frozen fecal microbiota transplants were shown to be equally effective in humans 

(Satokari et al. 2015), and frozen feces has been used for chemostat inoculation (Carman and 

Woodburn 2001). It was therefore a reasonable assumption that the same would hold true for 

culturing fecal microbial ecosystems in the chemostat. Another explanation for the relatively 

small donor distinguishability could be the use of children as donors. Cinquin et al. have used 

non-adult fecal samples for inoculation of a chemostat, but they used defined communities 

isolated from infant feces for inoculation (2004). Although the donors assayed as part of this 

thesis were beyond the age when the microbiome is established in humans (Palmer et al. 2007), 

other confounding factors could hinder establishment of a child’s fecal sample versus an adult’s: 

for example, age-specific expression of genes, hormone levels, and an under-established or over-

active immune system. 

Previous studies described in the literature documented the destructive effects of VA on 

the gut microbiota (Vrieze et al. 2014). In contrast, antibiotics such as tetracycline, neomycin, 

and erythromycin do not greatly perturb the metabolite profile of the human colonic microbiota 

(Carman et al. 2005). In this project, the metabolic trends between the two chemostats during the 

administration of VA were altered, as expected. But, it was intriguing to note that chemostats 

seeded with samples from the different neurotype donors underwent such similar responses. Both 

compositionally (16S-DGGE) and metabolically (1-D 
1
H NMR), VA disrupted the samples in a 
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parallel fashion. Additional replicates are required before conclusions can be drawn from these 

trends.  

The similar response to perturbation seen between the chemostat ecosystems 

preliminarily indicates that interactions of the host with the gut microbiota may be important in 

distinguishing any effect of VA on ecosystem dynamics when comparing ASD and NT 

metabolite profiles. It is possible that the gut microbial metabolite theory does not account for 

the changes observed in ASD children whose behaviors and GI symptoms improve while treated 

with VA (Sandler et al. 2000) in isolation from the host interface (as is the case with the 

chemostat platform). On the contrary, the chemostat system used in this project may not have 

modeled the type of microbial ecosystem (mucosal versus luminal) relevant for detecting a 

metabolite profile difference in response to VA treatment, as treatment did not proceed for 

sufficient time to generate a differential effect. Additionally, these chemostats simulated the 

distal colon, but perhaps the targeted effect of VA occurs elsewhere in the GI tract. 

Subtle differences between the ASD and NT chemostat responses to VA may have been 

eclipsed by the large abrupt changes in species composition and metabolite production. As a 

future direction, chemostats inoculated with ASD- and NT-derived fecal samples will be 

challenged with dietary substrates such as gluten and/or casein, both of which have been 

correlated with behavioral and GI changes in ASD individuals (Pennesi et al. 2012; Whiteley et 

al. 2010; de Magistris et al. 2010). A less devastating alteration of the gut microbiota at either a 

genetic (16S-DGGE or sequencing data) or a metabolic level (1-D 
1
H NMR) could indicate a 

localized pattern of change that differentiates ASD from NT individuals. An increased 

understanding of this particular pattern of change would allow for targeted treatment approaches, 

thereby eliminating the chance of widespread changes (i.e. as witnessed with VA). 
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4.6 Cytokine Assays 

In the final step of this thesis, the metabolite profiles were compared alongside the 

inflammatory cytokine response elicited by the fecal water MCFs on host colonocytes. Four 

cytokines were measured, but no discernible levels were detected for two of the cytokines: IL-6 

and TNF-α. These compounds are sensitive to basolateral versus apical secretion (Calatayud et 

al. 2015); therefore transwell tissue culture plates may be required to measure secretion. To 

conserve resources, basolateral versus apical segregation was not performed in this thesis, but is 

planned as a future direction. Transwells offer the additional ability to measure transepithelial 

resistance and small molecule permeability (Elamin et al. 2013; Dimmitt et al. 2010). 

IL-8 secretion was successfully measured. This cytokine is involved in angiogenesis (the 

growth of new blood vessels) and pro-inflammatory neutrophil chemoattraction (Fitzgerald et al. 

2001). In ulcerative colitis and Crohn’s disease patients, increased IL-8 secretion has been noted 

in the colonic mucosa, linking it to acute inflammation of the GI tract (Vaddi et al. 1997).  

The IL-8 assay was optimized using positive and negative controls, in addition to the 

MCFs. In the fecal water assays, a subgroup of ASD MCFs induced increased levels of IL-8, as 

compared to negative controls and the NT neurotype. Interestingly, many of these fecal water 

samples originated from the same participants who (1) had low SLRs, (2) scattered apart from 

the NT group in the PCA plot, (3) contained elevated succinate levels, and (4) contained a 

number of compounds at outlying concentrations. The remaining ASD MCFs were not only 

similar to the NT MCFs in terms of these 4 characteristics, but also led to similar IL-8 secretion 

as the NT group. The overlap of all these factors strongly implies the incidence of a subgroup 

within the ASD participants.  
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It is therefore possible that only a subgroup of individuals with ASD contain microbial 

components that elicit metabolite profiles capable of inducing proinflammatory effects, such as 

increased IL-8. The plausibility of this theory was further supported by analysis of the assays 

done following exposure to chemostat effluent. Before VA administration, the ASD MCF 

stimulated greater levels of IL-8 compared to the NT MCF. Because chemostat medium was 

controlled, this effect must be a result of the microbes, and potentially secreted microbial 

metabolites. Upon initiation of VA treatment (after Day 0), IL-8 concentrations generated by 

samples from these chemostat vessels in our assay decreased to remarkably similar values in 

both chemostats (Day 1), before they both spiked (Days 2-3) and subsequently decreased again 

(Days 3-6), suggesting a similar proinflammatory response between the two neurotypes. 

However, the magnitude of the spike due to the ASD MCF was greater than the NT MCF, and 

remained higher throughout the VA time course.  

Current data in the literature suggest that proinflammatory mechanisms are upregulated 

but anti-inflammatory mechanisms are unchanged in ASD (Goines and Ashwood 2013). To test 

this in vitro, future experiments include duplicating the same tissue culture assay performed in 

this thesis and measuring IL-10, an anti-inflammatory cytokine involved in the inhibition of 

cytokine synthesis (Fitzgerald et al. 2001). IL-10 is also responsible for activating a number of 

immune system cells (monocytes, natural killer cells, B cells, thymocytes, and mast cells) and 

works with TGF-β to stimulate IgA production in humans (de Waal Malefyt et al. 1992). If IL-

10 levels are lower in Caco-2 cells treated with ASD versus NT MCFs, this would imply that the 

gut microbial metabolite profiles of ASD individuals have a decreased anti-inflammatory 

capacity compared to healthy individuals. 
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4.7 Presence of Subgroups in ASD 

The data from this thesis appear to support the existence of a subgroup of ASD 

participants within the cohort. The samples from these subgroup participants all demonstrated 

marked differences from not only the NT group, but also the remaining ASD samples, in terms 

of (1) SLRs, (2) global metabolite profiles, (3) succinate levels, (4) number of outlying 

compounds, and (5) ability to induce IL-8 secretion. The participants in the ASD subgroup 

showed no delineation according to autism severity (as measured by the ATEC), age at onset of 

ASD, time since onset, or age at collection. Furthermore, the subgroup spanned different ASD 

diagnoses (mild, moderate, severe autism, Asperger’s syndrome, and pervasive developmental 

disorder-not otherwise specified). None of the severe comorbidities associated with ASD (GI 

distress, sleep disorder, seizure disorder, immunological irregularities, food intolerances, and 

metabolite abnormalities) are included in the diagnostic criteria of ASD (American Psychiatric 

Association 2014), but are perhaps vital for subgrouping. This raises the question of how 

accurate subgrouping can be performed in ASD research. 

Researchers have acknowledged the need for subgrouping individuals with ASD in order 

to investigate the various etiologies leading to this spectrum of disorders (Bresnahan et al. 2015; 

Buxbaum et al. 2012). Nonetheless, there is still much debate around how to isolate the various 

subgroups. Attempts have been made to identify genetic elements that distinguish individuals 

with ASD from one another and the general population; however after decades of searching, 

most geneticists support the claim made by Dr. Stephen Scherer of Toronto’s Hospital for Sick 

Children, “Most people with autism are probably genetically quite unique, each having their own 

genetic form of autism,” (Jha and Boseley 2010). Because individualized genetics does not 

represent a feasible means for subgroup classification, other avenues must be explored. With 
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sequencing advances and high-throughput screening, gut microbiota profiling and metabolomics 

represent viable opportunities for successful subgrouping of these individuals through 

identification of biomarkers, if provided with sufficiently large cohorts to distinguish trends. 

The key to obtaining large cohorts is not only recruiting individuals with ASD, but more 

importantly NT individuals. The increased cohort size not only increases statistical power, but 

accommodates the significant degree of inter-person diversity. Thanks to the human microbiome 

project, much is now understood about the “healthy” microbiota (Human Microbiome Project 

Consortium 2012), however there is still no consensus regarding what is considered to be a 

healthy gut microbial metabolite profile. Once researchers have a better grasp on what the 

normal range of metabolites are across healthy individuals, they will be better able to predict, 

identify, and perhaps treat abnormalities, including ASD. 
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4.8 SUMMARY AND CONCLUSIONS 

In this thesis, we developed a protocol for extraction of MCF from fecal samples and 

chemostat effluent. Ultracentrifugation decreased the metabolite concentrations by 

approximately -2% per 10,000 rpm speed increase, with the exception of p-cresol, which 

increased by approximately +50% per 10,000 rpm. If ultracentrifuging MCF samples, 

researchers must use discretion when extrapolating meaning from a measured concentration of p-

cresol. Participant fecal samples were also compared and standardized using solid-to-liquid 

weight ratios (SLRs). A subgroup of ASD samples had significantly lower SLRs compared to the 

remainder of the cohort, indicating the occurrence of diarrhea in these participants. 1-D 
1
H NMR 

was used to investigate the gut microbial metabolite profiles of the ASD and NT MCFs, and it 

revealed that some samples within the cohort demonstrated overall metabolite profiles that 

differed from the remainder of the cohort. Additionally, some samples contained significantly 

elevated concentrations of succinate, along with outlying concentrations of various other 

metabolites. No one metabolite was identified in the ASD group that was not present in the 

remainder of the cohort. The fecal water MCFs were also tested for their ability to induce IL-8 

secretion from Caco-2 cells. Again, the recurring subgroup of ASD samples stimulated increased 

IL-8 secretion. One ASD and one NT donor were cultured in a chemostat model, and minor 

differences in carboxylic acid content were observed. Although no dramatic metabolic 

differences were observed between the two donors, VA administration did provoke similar 

effects in both chemostats. Our observations warrant future work to study further subjects with 

more replicates, which may lead to the discovery of diagnostic biomarkers to help identify 

children who are likely to respond to antibiotic or dietary intervention, and potentially shed light 

on novel therapeutics to modulate the microbial environment. 
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Table A.1: Summary of abnormal cytokine levels detected in various locations from samples 

collected from individuals with ASD. Observed levels were elevated unless otherwise noted  

(* indicates a decrease). Adapted from Goines and Ashwood 2013. 

Location Cytokine Reference 

Plasma 

Levels 

IL-1Β 
Ashwood et al. 2011, Suzuki et al. 2011, Emanuele et al. 2010, 

Ross et al. 2013 

IL-1RA Suzuki et al. 2011, Croonenberghs et al. 2002 

IL-5 Suzuki et al. 2011 

IL-6 
Ashwood et al. 2011, Emanuele et al. 2010, Croonenberghs et al. 

2002, Ross et al. 2013 

IL-8 Ashwood et al. 2011, Suzuki et al. 2011, Abdallah et al. 2012 

IL-10* Ross et al. 2013, Abdallah et al. 2012 

IL-12 Singh 1996 

IL-12p40 Ashwood et al. 2011 

IL-12p70 Suzuki et al. 2011 

IL-13 Suzuki et al. 2011 

IL-17 Suzuki et al. 2011 

IFN- γ Singh 1996, Croonenberghs et al. 2002 

TGF-β* Okada et al. 2007, Ashwood et al. 2004 

TNF-α Croonenberghs et al. 2002 

Peripheral 

blood cells 

IL-1Β Jyonouchi et al. 2001, Jyonouchi et al. 2014 

IL-6 Jyonouchi et al. 2001, Jyonouchi et al. 2014 

IL-10* Jyonouchi et al. 2014 

TNF-α Jyonouchi et al. 2001 

Lymphoblasts 
IL-6 Malik et al. 2011 

TNF-α Malik et al. 2011 

Postmortem 

cerebellum 

IL-6 Wei et al. 2011, Vargas et al. 2005, Li et al. 2009 

IL-8 Li et al. 2009 

IFN- γ Li et al. 2009 

TGF-β Vargas et al. 2005 

TNF-α Li et al. 2009 

Mid-

gestational 

serum 

IL-4 Goines et al. 2011b 

IL-5 Goines et al. 2011b 

IFN- γ Goines et al. 2011b 

Amniotic 

fluid samples 

IL-4 Abdallah et al. 2013 

IL-10 Abdallah et al. 2013 

TNF-α Abdallah et al. 2013 

TNF-Β Abdallah et al. 2013 
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Figure A.2: Process of a sandwich ELISA for detection of cytokines. (1) An ELISA plate is 

coated with primary (“capture”) antibody and non-specific binding sites are blocked, (2) 

targeted cytokines (IL-6 depicted, image created in Pymol from pdbID 1ALU) in the 

sample—if present—bind to the capture antibody, (3) a conjugated secondary (“detection”) 

antibody binds the cytokine antigen, and (4) an indicator system is employed to detect and 

quantify the signal of bound antibody (and thus antigen). 
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Emma Allen-Vercoe, Ph.D. 
COLLEGE OF BIOLOGICAL SCIENCE 

Department of Molecular and Cellular Biology 
Room SCIE 3252, (519) 824-4120 ex 53366 

 
Modeling Gut Microbial Ecology and Metabolism in Autism using an Innovative ex Vivo 

Approach: ASD Population, REB# 13AP008 
 
You are being asked to participate in a research study conducted by Dr. Emma Allen-Vercoe 
(Principal Investigator, 519-824-4120 x 53366) and Miss Erin Bolte (M.Sc. Student, 519-824-
4120 x 54478) from the Department of Molecular and Cellular Biology at the University of 
Guelph. Results occurring from this research will contribute towards the Master of Science 
thesis for Miss Erin Bolte, as well as potentially publishable work by Dr. Emma Allen-Vercoe and 
Erin Bolte. This research is being funded by the United States Department of Defense - 
Congressionally Directed Medical Research Program - Autism Research Program. 
 
The University of Guelph research team has partnered with local medical practitioners, Susan 
Watts, R.N., Wendy Edwards, M.D., and John Coombs, M.D. Mr. Chris Ambrose from the 
University of Guelph Department of Molecular and Cellular Biology will be the study contact 
representative. If you have any questions or concerns about the research, please feel free to 
contact him: 
 
Mr. Chris Ambrose, Study Contact Representative 
University of Guelph Department of Molecular and Cellular Biology 
Science Complex 3252 
(519) 824-4120 X 54478 
cambrose@uoguelph.ca  
 

RESEARCHER INFORMATION 
 
Emma Allen Vercoe, Ph.D., Professor, Study Director 
Erin Bolte, B.Sc., Master of Science candidate, Study Coordinator 
University of Guelph Department of Molecular and Cellular Biology   
519-824-4120 ex.53366 
  

PURPOSE OF THE STUDY 
 
Autism, more formally called Autism Spectrum Disorder (ASD), is a devastating disorder that 
affects more than 1% of children in Canada. Many of these children experience severe 
gastrointestinal (gut) problems such as constipation, diarrhea, and bloating. The exact cause of 
these problems is not known, but it is important to determine so that treatments can be 
developed to help these children. Abnormal balances of gut bacteria have been found in 
patients with ASD, so we will be investigating whether the bacteria in ASD children, along with 
the chemicals that they produce called "metabolites," can produce similar gut problems in the 
laboratory (as measured in our artificial gut model) as what is observed in human beings. The 
gut bacteria will be compared between children with ASD and non-related neurotypical (normal 
functioning) children. The way to obtain gut bacteria is by isolating it from a fresh human fecal 
sample. For this reason, we are asking for your help by volunteering to donate your child’s fecal 
sample.  

mailto:cambrose@uoguelph.ca
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Your contribution to this research would provide us with an example of how bacteria grow in the 
gut of a child with ASD. 
 
 PROCEDURES 
 
If you volunteer to participate in this study, we would ask you to do the following things: 
 

 Read this information letter, then complete and sign the consent forms at the end. 

 Complete the survey and included Autism Treatment Evaluation Checklist (ATEC) form 
about your child’s health history and autism severity. Please check that the Participant 
Code Number on the consent forms and surveys match. You can complete the survey 
and ATEC in your home. You do not need to fill out the survey with your child’s physician if 
you know all of the information requested on it. The survey and ATEC should take you up to 
45-60 minutes. 

 Then, mail the survey, ATEC form, and Researcher Copy of the consent form to the study 
contact representative, Mr. Chris Ambrose. We provided you with an addressed envelope 
with stamp. Then, your child’s suitability for the study will be determined based only on the 
survey and ATEC answers. 

 If your child is found to be unsuitable for the study, you will be notified, and you are free 
to discuss the reasons for this decision with Chris. The research team at the University of 
Guelph will not retain access to any of your information, and your survey and ATEC form will 
be destroyed. No follow-up questions will be asked of you. 

 If your child is found to be suitable for our study, you will be notified by Chris. Then, you 
will be provided with (1) written instructions and materials for obtaining your child’s fecal 
sample, (2) containers to store the fecal sample, (3) written instructions for pick-up of the 
fecal sample.  

 You can choose to have your child donate the fecal sample at the Autism Intervention Clinic 
(1453 Gordon Street South, Suite 202, Guelph, ON N1L 1C9) or in the privacy of your own 
home. The fecal collection will take less than 5 minutes after the child has completed his or 
her bowel movement. If you collect the sample at home, we request that you complete the 
task within one week of being given the instructions and container. Then contact Chris as 
soon as possible to arrange delivery of the fecal sample to the research team. Between the 
time of the stool collection and delivery to the research team, place the fecal sample in the 
freezer box we provide, then in a domestic freezer away from food. 

 The fecal sample will be assigned the same Participant Code Number that appears on your 
consent forms and survey. The research group will only have your child’s coded information 
(your child’s age at time of collection, gender, and health status/ASD diagnosis) and fecal 
sample, and will not have your personal contact information. 

 
AFTER YOUR PARTICIPATION 

 
Your contribution to this research effort is the information you provide in the survey, ATEC form, 
and the fecal sample from your child. Once the research team has obtained your child’s fecal 
sample, the scientists will perform experimental screening on the sample. You will not be 
involved in the scientific screening and will not undergo any experimental procedures. In a small 
number of cases, a fresh stool sample from your child may be requested after the scientific 
screening (approximately six-twelve months from now). Chris would contact you if this situation 
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pertains to you. This second fecal donation would be the same exact procedure as the initial 
fecal donation. If you wish to refuse the second donation, you are free to do so.  
 
Your child’s stool sample, any bacteria grown from it, and any chemicals produced from these 
bacteria will be kept indefinitely in the research laboratory of Dr. Emma Allen-Vercoe. If this 
material is used for future studies, this research will be related to gastrointestinal (gut) 
bacteriology research, similar to this current study. The data about your child’s age at time of 
collection, gender, and health status/ASD diagnosis will be tied to the fecal sample, but personal 
contact information will not. 
 

FEEDBACK 
 
If you request feedback about the bacterial species cultured from your child’s fecal sample, we 
will provide you with these details. We caution, however, that these results should not be used 
to form predictions about your child’s health. Any concern about the results from your child’s 
fecal donation should be directed to your physician, or to the medical practitioners helping with 
this study: Susan Watts, R.N., Wendy Edwards, M.D., and John Coombs, M.D. 
 

PRIVACY 
 
The information obtained from you in the survey will be limited to your name, personal contact 
information, your child’s age, gender, health status/ASD diagnosis, and present/past health 
history. The ATEC form will collect information regarding the severity of your child’s autism. 
Information such as your child’s age, gender, and health status/ASD diagnosis will be released 
to the research group, as it will be assessed for scientific data trends. This information will be 
tied to your child’s fecal sample through a randomized research code. Consequently, your 
child’s age, gender, and health status/ASD diagnosis may be reported in publications that result 
from this work.  
 
The paper copies of your survey and ATEC form will be stored in a locked box kept in the office 
of the study contact representative, Mr. Chris Ambrose, at the University of Guelph. Chris will be 
the only person involved in the study who knows yours and your child’s personal contact 
information. Names and personal contact information will never be released to the research 
team, and will never appear in publication. This privacy measure serves the dual purpose of 
protecting your confidentiality and also preventing any research bias on our part. 
 
Given the current state of science, we are not able to identify people from their gut bacteria. 
Thus, providing us with a fecal sample is not akin to providing us with a “DNA sample.” There is 
no risk that your child’s fecal sample could be misused as genetic information. 
 
 POTENTIAL RISKS AND DISCOMFORTS 
 
Minimal risks are involved in this study.  
 
1. The first risk is the loss of privacy if your personal contact information were revealed. In the 

unlikely event that this happens, there is little ramification, as financial and/or incriminating 
information is not tied to the personal contact information in our care. 
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2. There is a risk that you or your child will feel embarrassed. Because the sample is “poop”, 
some people may be uncomfortable discussing/handling it. 

3. Another risk is that you or your child may physically touch the fecal sample to skin or 
clothing. For parents of young children, this is not a risk any greater than that encountered in 
everyday life. We are providing fecal sample collection kits that will help you avoid 
contamination of your skin and clothing with the feces. This also protects the fecal sample 
from contamination by your skin and clothing! If you do contact the fecal sample on 
accident, please wash your hands with soap and water. Remove and wash any soiled 
clothing. 

4. The fluid in the fecal sample storage container has a very unpleasant taste and should not 
be ingested. Keep out of reach of children. If it is spilled on skin, clothing, or the 
counter/floor, these items can be safely washed with soap and water. If it is ingested, please 
contact Poison Control. The ingredients are tryptic soy broth (30 mg/mL), menadione (1 
µg/mL), hemin (5 µg/mL),and  glycerol (50% by volume). 

 
 POTENTIAL BENEFITS TO PARTICIPANTS AND/OR TO SOCIETY 
 
If you participate in this research, you will have the benefit of gaining experience participating in 
a research study. You will receive up to two gift cards for your child to enjoy in thanks for his/her 
participation. You have the right to be informed about the results of your child’s gut bacteria. 
This will help you and researchers understand the gut bacteria living in children with ASD, and 
the links to gastrointestinal (gut) issues. In relation to larger benefits of this research, the 
knowledge gained from this study may further scientific knowledge about the microscopic 
biology occurring in the gastrointestinal tract of children with ASD. 
 
 PAYMENT FOR PARTICIPATION 
 
This study will offer a total of two $15 Chapters or Simply Wonderful Toys (your child’s choice!) 
gift cards for compensation: one for the survey/ATEC form and one for the fecal sample 
donation.  
 
To compensate your child for the provision of information on the survey/ATEC form, he/she will 
be given a $15 gift card to enjoy. Please indicate on the consent form his/her preference for a 
Chapters or Simply Wonderful Toys gift card. Once the survey/ATEC form is received, you will 
be mailed the gift card of choice.  
 
For those who are chosen to donate a fecal sample, an additional $15 gift card to Chapters or 
Simply Wonderful Toys will be offered. Please indicate your child’s preference for the second 
gift card on the consent form, as well. Then the second gift card will be delivered to the child 
when Chris picks up the fecal sample donation. 
 
 COSTS FOR PARTICIPATION 
 
There is no direct cost for participating in this study. It is our intention to partially reimburse you 
for some of the time loss you and your child may incur. 
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 CONFIDENTIALITY 
 
Every effort will be made to ensure confidentiality of any identifying information that is 
obtained in connection with this study. To safeguard the confidentiality of your personal 
data, your sample will be given a code number. Only Chris will know the connection between 
this code number and your name. Every effort will be made to ensure confidentiality of any 
identifying information that is obtained in connection with this study. Your name will never be 
used in communicating results of the study. Records will be kept in a locked file cabinet in 
Chris’s locked office. In following these guidelines, participants’ confidentiality will be maintained 
to the best of our ability. Results from the study may be published but will be presented as 
group data. All data will be kept for 25 years, in accordance with the guidelines set by Health 
Canada.  
 
If requested, direct access to your research records for this study will be granted to study 
monitors, auditors, the University of Guelph Research Ethics Board, and regulatory authorities 
for the verification of study procedures and/or data. Additionally, in accordance with the U.S. 
Army Medical Research and Materiel Command (USAMRMC) regulation, U.S. Federal or 
Department of Defense representatives are allowed access to the research records produced 
during this study. Your confidentiality as a study participant will not be violated during this 
process, to the extent permitted by applicable laws and regulations. By signing the written 
informed consent forms you are agreeing to authorize such access.  
 
 PARTICIPATION AND WITHDRAWAL 
 
You can choose whether to be in this study or not. If you volunteer to be in this study, you may 
withdraw at any time without consequences of any kind. You may exercise the option of 
removing your data from the study. You may also refuse to answer any questions you don’t 
want to answer and still remain in the study. The investigator may withdraw you from this 
research if circumstances arise that warrant doing so. The researchers may withdraw you if 
participation is no longer in your best interest, or if you fail to follow the instructions of the study. 
In any cases of withdrawal, the gift cards will not be reclaimed from the participants. 
 
If you decide to participate, you agree to cooperate fully with study procedures. We will tell you 
about new information that may affect your health, welfare, or willingness to stay in this study. 
You will be given a copy of the consent form to keep. 
 
 RIGHTS OF RESEARCH PARTICIPANTS 
 
You may withdraw your consent at any time and discontinue participation without penalty. You 
are not waiving any legal claims, rights, or remedies because of your participation in this 
research study. This research project has been reviewed and received ethics clearance through 
the University of Guelph Research Ethics Board and has been assigned the file number 
13AP008. If you have questions regarding your rights as a research participant, contact Sandra 
Auld, the Director of Research Ethics at: 
   

University of Guelph    Telephone: (519) 824-4120, ext. 56606 
437 University Centre    E-mail: sauld@uoguelph.ca  
Guelph, ON, N1G 2W1   Fax: (519) 821-5236 
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 CONSENT 
 
If you agree to grant your consent to participate in this study, please fill out the two attached 
consent forms, the survey about your child’s health, and the ATEC form. If your child is verbal, 
we suggest that you obtain verbal assent from your child for the fecal donation. Below, we 
provide you with a sample script of what you can read to your child. It is written from your (the 
parent/guardian’s) perspective. 
 

“A group of scientists at the University of Guelph has asked you and me to be 
part of a scientific project. In a nutshell, they would like to take a sample of your 
poop! Although it seems a bit strange, it is the easiest way to study the bacteria 
that live in your gut (tummy). There are lots of different bacteria in your gut 
(tummy)– most of them are not harmful (in fact they do a lot to keep you healthy). 
But sometimes there are changes in the types of bacteria that might make you 
sick.  
  
The scientists are interested in studying gut (tummy) bacteria because there is 
evidence that they are involved in diseases like autism. The scientists have given 
me lots of information about this project, and I think it would be a good idea for us 
to help them, but I want to ask your permission as well. If you would like to “leave 
your mark” in science, now is your chance! If you choose to participate, the first 
thing that will happen is that I will answer some questions about your health on a 
piece of paper. This information will be kept private, except for four important 
pieces of data that will be given to the scientists: 
 

1) Your age 
2) Whether you are a boy or girl 
3) Whether or not you have been diagnosed with autism 
4) Whether you are healthy or sick 
 

Next, you may be asked to give your poop sample. Though it’s a little messy, I 
will be there with you and I will have lots of instructions. After you go poop, then I 
will take it, and send it to the scientists.” 

 
 FINAL INSTRUCTIONS 
 
Once your child assents to participate and the forms have been completed, mail the Researcher 
Copy consent form, survey, and ATEC form to Mr. Chris Ambrose in the provided envelope. 
Keep the Participant Copy consent form for your records. 
  



  

97 
 

GUELPH · ONTARIO · CANADA · N1G 2W1 TEL. (519) 824-4120, x 53366 FAX (519) 837-1802 

Emma Allen-Vercoe, Ph.D. 
COLLEGE OF BIOLOGICAL SCIENCE 

Department of Molecular and Cellular Biology 
Room SCIE 3252, (519) 824-4120 ex 53366 

 
CONSENT TO PARTICIPATE IN RESEARCH:  

PARENT/GUARDIAN ON BEHALF OF CHILD PARTICIPANTS 
- Participant Copy - ASD Population - Participant Code: AT### - 

 
I ________________________________________________ have read the letter of information 
provided for the study “Modeling Gut Microbial Ecology and Metabolism in Autism using an 
Innovative Ex Vivo Approach” REB# 13AP008 being completed by Dr. Emma Allen-Vercoe and 
MSc student Erin Bolte of the Department of Molecular and Cellular Biology at the University of 
Guelph. I agree to complete this consent form, the survey, and ATEC form concerning the current 
and past health history of my child ___________________________________________. I confirm 
that I have explained the nature of this study with my child, and that my child has given assent to 
be part of the study. 
 
If my child is found to be suitable for the study, I will donate a fresh sample of my child’s fecal 
matter, following the instructions provided at that time. I allow the following three personal details 
to be released with my child’s donated fecal sample: age at time of collection, gender, and health 
status/ASD diagnosis. I will provide my contact name, phone/email, and mailing address for the 
explicit purpose of coordinating the survey and fecal sample delivery with contact representative 
Mr. Chris Ambrose.  
 
Mr. Chris Ambrose, Study Contact Representative 
University of Guelph Department of Molecular and Cellular Biology 
Science Complex 3252 
(519) 824-4120 X 54478 
cambrose@uoguelph.ca  
 
I understand that the fecal sample may be used for research purposes to try to understand the 
role of gut bacteria in Autism Spectrum Disorder (ASD). My questions have been answered to 
my satisfaction, and I agree to participate in this study. I have a copy of this form.  
 
I agree that bacterial isolates from my child’s stool sample may be kept and analyzed in depth 
by researchers in the Dr. Emma Allen-Vercoe lab, for future research involving gut bacteriology. 
No personal details linking my child to their donated isolates will ever be released, except for 
gender, health status/ASD diagnosis, and age at time of collection. I understand that I may 
withdraw my child from participation in this research at any time and without reprisal. If I wish for 
this to happen, all records containing personal information related to my child’s donation will be 
destroyed, but bacterial isolates related to this donation will be retained unless I specifically 
request that they are to be destroyed. I also understand that, in accordance with the U.S. Army 
Medical Research and Materiel Command (USAMRMC) regulation, U.S. Federal or Department 
of Defense representatives are allowed access to the research records produced during this 
study. 

 
  

mailto:cambrose@uoguelph.ca
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PERSONAL INFORMATION     Participant Code: AT### 

___________________________________________  

Name of Child (please print) 

___________________________________________  

Name of Parent or Guardian (please print) 

______________________________________________________________ 

Contact Phone Number and/or Email 

_____________________________________________________________ 

Contact Mailing Address 

___________________________________________  ______________ 

Signature of Parent or Guardian      Date 

 

SIGNATURE OF WITNESS 

___________________________________________  

Name of Witness (please print) 

___________________________________________  _______________ 

Signature of Witness       Date 

 
PREFERENCE INDICATIONS 

 
First gift card – Child’s Preference for Survey Completion:    

  $15 Chapters    $15 Simply Wonderful Toys 
 
If selected for fecal donation, Second gift card - Child’s Preference for Fecal Donation:   

  $15 Chapters    $15 Simply Wonderful Toys 
 
If selected for fecal donation, I wish to donate:    

  In my home   At the Autism Intervention Clinic 
  



  

99 
 

GUELPH · ONTARIO · CANADA · N1G 2W1 TEL. (519) 824-4120, x 53366 FAX (519) 837-1802 

Emma Allen-Vercoe, Ph.D. 
COLLEGE OF BIOLOGICAL SCIENCE 

Department of Molecular and Cellular Biology 
Room SCIE 3252, (519) 824-4120 ex 53366 

 
CONSENT TO PARTICIPATE IN RESEARCH:  

PARENT/GUARDIAN ON BEHALF OF CHILD PARTICIPANTS 
- Researcher Copy - ASD Population - Participant Code: AT### - 

 
I ________________________________________________ have read the letter of information 
provided for the study “Modeling Gut Microbial Ecology and Metabolism in Autism using an 
Innovative Ex Vivo Approach” REB# 13AP008 being completed by Dr. Emma Allen-Vercoe and 
MSc student Erin Bolte of the Department of Molecular and Cellular Biology at the University of 
Guelph. I agree to complete this consent form, the survey, and ATEC form concerning the current 
and past health history of my child ___________________________________________. I confirm 
that I have explained the nature of this study with my child, and that my child has given assent to 
be part of the study. 
 
If my child is found to be suitable for the study, I will donate a fresh sample of my child’s fecal 
matter, following the instructions provided at that time. I allow the following three personal details 
to be released with my child’s donated fecal sample: age at time of collection, gender, and health 
status/ASD diagnosis. I will provide my contact name, phone/email, and mailing address for the 
explicit purpose of coordinating the survey and fecal sample delivery with contact representative 
Mr. Chris Ambrose.  
 
Mr. Chris Ambrose, Study Contact Representative 
University of Guelph Department of Molecular and Cellular Biology 
Science Complex 3252 
(519) 824-4120 X 54478 
cambrose@uoguelph.ca  
 
I understand that the fecal sample may be used for research purposes to try to understand the 
role of gut bacteria in Autism Spectrum Disorder (ASD). My questions have been answered to 
my satisfaction, and I agree to participate in this study. I have a copy of this form.  
 
I agree that bacterial isolates from my child’s stool sample may be kept and analyzed in depth 
by researchers in the Dr. Emma Allen-Vercoe lab, for future research involving gut bacteriology. 
No personal details linking my child to their donated isolates will ever be released, except for 
gender, health status/ASD diagnosis, and age at time of collection. I understand that I may 
withdraw my child from participation in this research at any time and without reprisal. If I wish for 
this to happen, all records containing personal information related to my child’s donation will be 
destroyed, but bacterial isolates related to this donation will be retained unless I specifically 
request that they are to be destroyed. I also understand that, in accordance with the U.S. Army 
Medical Research and Materiel Command (USAMRMC) regulation, U.S. Federal or Department 
of Defense representatives are allowed access to the research records produced during this 
study. 

 
  

mailto:cambrose@uoguelph.ca
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PERSONAL INFORMATION     Participant Code: AT### 

___________________________________________  

Name of Child (please print) 

___________________________________________  

Name of Parent or Guardian (please print) 

______________________________________________________________ 

Contact Phone Number and/or Email 

_____________________________________________________________ 

Contact Mailing Address 

___________________________________________  ______________ 

Signature of Parent or Guardian      Date 

 

SIGNATURE OF WITNESS 

___________________________________________  

Name of Witness (please print) 

___________________________________________  _______________ 

Signature of Witness       Date 

 
PREFERENCE INDICATIONS 

 
First gift card – Child’s Preference for Survey Completion:    

  $15 Chapters    $15 Simply Wonderful Toys 
 
If selected for fecal donation, Second gift card - Child’s Preference for Fecal Donation:   

  $15 Chapters    $15 Simply Wonderful Toys 
 
If selected for fecal donation, I wish to donate:    

  In my home   At the Autism Intervention Clinic 
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Emma Allen-Vercoe, Ph.D. 
COLLEGE OF BIOLOGICAL SCIENCE 

Department of Molecular and Cellular Biology 
Room SCIE 3252, (519) 824-4120 ex 53366 

 
Modeling Gut Microbial Ecology and Metabolism in Autism using an Innovative ex Vivo 

Approach: Neurotypical Population, REB# 13AP008 
 
You are being asked to participate in a research study conducted by Dr. Emma Allen-Vercoe 
(Principal Investigator, 519-824-4120 x 53366) and Miss Erin Bolte (M.Sc. Student, 519-824-
4120 x 54478) from the Department of Molecular and Cellular Biology at the University of 
Guelph. Results occurring from this research will contribute towards the Master of Science 
thesis for Miss Erin Bolte, as well as potentially publishable work by Dr. Emma Allen-Vercoe and 
Erin Bolte. This research is being funded by the United States Department of Defense - 
Congressionally Directed Medical Research Program - Autism Research Program. 
 
The University of Guelph research team has partnered with local medical practitioners, Susan 
Watts, R.N., Wendy Edwards, M.D., and John Coombs, M.D. Mr. Chris Ambrose from the 
University of Guelph Department of Molecular and Cellular Biology will be the study contact 
representative. If you have any questions or concerns about the research, please feel free to 
contact him: 
 
Mr. Chris Ambrose, Study Contact Representative 
University of Guelph Department of Molecular and Cellular Biology 
Science Complex 3252 
(519) 824-4120 X 54478 
cambrose@uoguelph.ca  
 

RESEARCHER INFORMATION 
 
Emma Allen Vercoe, Ph.D., Professor, Study Director 
Erin Bolte, B.Sc., Master of Science candidate, Study Coordinator 
University of Guelph Department of Molecular and Cellular Biology 
519-824-4120 ex.53366 
 

PURPOSE OF THE STUDY 
 
Autism, more formally called Autism Spectrum Disorder (ASD), is a devastating disorder that 
affects more than 1% of children in Canada. Many of these children experience severe 
gastrointestinal (gut) problems such as constipation, diarrhea, and bloating. The exact cause of 
these problems is not known, but it is important to determine so that treatments can be 
developed to help these children. Abnormal balances of gut bacteria have been found in 
patients with ASD, so we will be investigating whether the bacteria in ASD children, along with 
the chemicals that they produce called "metabolites," can produce similar gut problems in the 
laboratory (as measured in our artificial gut model) as what is observed in human beings. In 
order to figure out what is happening in these sick children, we need to compare it to what is 
happening in healthy children. This is where you can help! We would like to look at the bacteria 
living in your child’s gut to see what bacteria live in a healthy child. The way to obtain gut 

mailto:cambrose@uoguelph.ca
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bacteria is by isolating it from a fresh human fecal sample. For this reason, we are asking for 
your help by volunteering to donate your child’s fecal sample.  
 
Your contribution to this research would provide us with an example of how bacteria grow in a 
healthy child’s gut. In this context, we will call your child “neurotypical” because your child’s 
brain development is normal compared to that seen in ASD. 
 
 PROCEDURES 
 
If you volunteer to participate in this study, we would ask you to do the following things: 
 

 Read this information letter, then compete and sign the consent forms at the end. 

 Complete the survey about your child’s health history. Please check that the Participant 
Code Number on the consent forms and surveys match. You can complete the survey in 
your home. You do not need to fill out the survey with your child’s physician if you know all of 
the information requested on it. The survey should take you up to 45-60 minutes. 

 Then, mail the survey and Researcher Copy of the consent form to the study contact 
representative, Mr. Chris Ambrose. We provided you with an addressed envelope with 
stamp. Then, your child’s suitability for the study will be determined based only on the survey 
answers. 

 If your child is found to be unsuitable for the study, you will be notified, and you are free 
to discuss the reasons for this decision with Chris. The research team at the University of 
Guelph will not retain access to any of your information, and your survey will be destroyed. 
No follow-up questions will be asked of you. 

 If your child is found to be suitable for our study, you will be notified by Chris. Then, you 
will be provided with (1) written instructions and materials for obtaining your child’s fecal 
sample, (2) containers to store the fecal sample, (3) written instructions for pick-up of the 
fecal sample.  

 You can choose to have your child donate the fecal sample at the Autism Intervention Clinic 
(1453 Gordon Street South, Suite 202, Guelph, ON N1L 1C9) or in the privacy of your own 
home. The fecal collection will take less than 5 minutes after the child has completed his or 
her bowel movement. If you collect the sample at home, we request that you complete the 
task within one week of being given the instructions and container. Then contact Chris as 
soon as possible to arrange delivery of the fecal sample to the research team. Between the 
time of the stool collection and delivery to the research team, place the fecal sample in the 
freezer box we provide, then in a domestic freezer away from food. 

 The fecal sample will be assigned the same Participant Code Number that appears on your 
consent forms and survey. The research group will only have your child’s coded information 
(your child’s age at time of collection, gender, and health status) and fecal sample, and will 
not have your personal contact information. 

 
AFTER YOUR PARTICIPATION 

 
Your contribution to this research effort is the information you provide in the survey and the fecal 
sample from your child. Once the research team has obtained your child’s fecal sample, the 
scientists will perform experimental screening on the sample. You will not be involved in the 
scientific screening and will not undergo any experimental procedures. In a small number of 
cases, a fresh stool sample from your child may be requested after the scientific screening 
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(approximately six-twelve months from now). Chris would contact you if this situation pertains to 
you. This second fecal donation would be the same exact procedure as the initial fecal donation. 
If you wish to refuse the second donation, you are free to do so.  
 
Your child’s stool sample, any bacteria grown from it, and any chemicals produced from these 
bacteria will be kept indefinitely in the research laboratory of Dr. Emma Allen-Vercoe. If this 
material is used for future studies, this research will be related to gastrointestinal (gut) 
bacteriology research, similar to this current study. The data about your child’s age at time of 
collection, gender, and health status will be tied to the fecal sample, but personal contact 
information will not. 
 

FEEDBACK 
 
If you request feedback about the bacterial species cultured from your child’s fecal sample, we 
will provide you with these details. We caution, however, that these results should not be used 
to form predictions about your child’s health. Any concern about the results from your child’s 
fecal donation should be directed to your physician, or to the medical practitioners helping with 
this study: Susan Watts, R.N., Wendy Edwards, M.D., and John Coombs, M.D. 
 

PRIVACY 
 
The information obtained from you in the survey will be limited to your name, personal contact 
information, your child’s age, gender, health status, and present/past health history. Information 
such as your child’s age, gender, and health status will be released to the research group, as it 
will be assessed for scientific data trends. This information will be tied to your child’s fecal 
sample through a randomized research code. Consequently, your child’s age, gender, and 
health status may be reported in publications that result from this work.  
 
The paper copies of your survey will be stored in a locked box kept in the office of the project 
contact representative, Mr. Chris Ambrose, at the University of Guelph. Chris will be the only 
person involved in the study who knows yours and your child’s personal contact information. 
Names and personal contact information will never be released to the research team, and will 
never appear in publication. This privacy measure serves the dual purpose of protecting your 
confidentiality and also preventing any research bias on our part. 
 
Given the current state of science, we are not able to identify people from their gut bacteria. 
Thus, providing us with a fecal sample is not akin to providing us with a “DNA sample.”  There is 
no risk that your child’s fecal sample could be misused as genetic information. 
 
 POTENTIAL RISKS AND DISCOMFORTS 
 
Minimal risks are involved in this study.  
 
1. The first risk is the loss of privacy if your personal contact information were revealed. In the 

unlikely event that this happens, there is little ramification, as financial and/or incriminating 
information is not tied to the personal contact information in our care. 

2. There is a risk that you or your child will feel embarrassed. Because the sample is “poop”, 
some people may be uncomfortable discussing/handling it. 
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3. Another risk is that you or your child may physically touch the fecal sample to skin or 
clothing. For parents of young children, this is not a risk any greater than that encountered in 
everyday life. We are providing fecal sample collection kits that will help you avoid 
contamination of your skin and clothing with the feces. This also protects the fecal sample 
from contamination by your skin and clothing! If you do contact the fecal sample on 
accident, please wash your hands with soap and water. Remove and wash any soiled 
clothing. 

4. The fluid in the fecal sample storage container has a very unpleasant taste and should not 
be ingested. Keep out of reach of children. If it is spilled on skin, clothing, or the 
counter/floor, these items can be safely washed with soap and water. If it is ingested, please 
contact Poison Control. The ingredients are tryptic soy broth (30 mg/mL), menadione (1 
µg/mL), hemin (5 µg/mL), and glycerol (50% by volume). 

 
 POTENTIAL BENEFITS TO PARTICIPANTS AND/OR TO SOCIETY 
  
You will receive up to two gift cards for your child to enjoy in thanks for his/her participation. 
Besides this, there is no direct benefit to you for your involvement in the project. If you 
participate in this research, you will have the benefit of gaining experience participating in a 
research study. You have the right to be informed about the results of your child’s gut bacteria. 
This will help you and researchers understand what bacteria live in a healthy child. In relation to 
larger benefits to this research, the knowledge gained from this study may further scientific 
knowledge about the microscopic biology occurring in the gastrointestinal tract of children with 
autism. 
 
 PAYMENT FOR PARTICIPATION 
 
This study will offer a total of two $15 Chapters or Simply Wonderful Toys (your child’s choice!) 
gift cards for compensation: one for the survey and one for the fecal sample donation.  
  
To compensate your child for the provision of information on the survey/ATEC form, he/she will 
be given a $15 gift card to enjoy. Please indicate on the consent form his/her preference for a 
Chapters or Simply Wonderful Toys gift card. Once the survey is received, you will be mailed 
the gift card of choice.  
 
For those who are chosen to donate a fecal sample, an additional $15 gift card to Chapters or 
Simply Wonderful Toys will be offered. Please indicate your child’s preference for the second 
gift card on the consent form, as well. Then the second gift card will be delivered to the child 
when Chris picks up the fecal sample donation. 
 
 COSTS FOR PARTICIPATION 
 
There is no direct cost for participating in this study. It is our intention to partially reimburse you 
for some of the time loss you and your child may incur. 
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 CONFIDENTIALITY 
 
Every effort will be made to ensure confidentiality of any identifying information that is 
obtained in connection with this study. To safeguard the confidentiality of your personal 
data, your sample will be given a code number. Only Chris will know the connection between 
this code number and your name. Every effort will be made to ensure confidentiality of any 
identifying information that is obtained in connection with this study. Your name will never be 
used in communicating results of the study. Records will be kept in a locked file cabinet in 
Chris’s locked office. In following these guidelines, participants’ confidentiality will be maintained 
to the best of our ability. Results from the study may be published but will be presented as 
group data. All data will be kept for 25 years, in accordance with the guidelines set by Health 
Canada.  
 
If requested, direct access to your research records for this study will be granted to study 
monitors, auditors, the University of Guelph Research Ethics Board, and regulatory authorities 
for the verification of study procedures and/or data. Additionally, in accordance with the U.S. 
Army Medical Research and Materiel Command (USAMRMC) regulation, U.S. Federal or 
Department of Defense representatives are allowed access to the research records produced 
during this study. Your confidentiality as a study participant will not be violated during this 
process, to the extent permitted by applicable laws and regulations. By signing the written 
informed consent forms you are agreeing to authorize such access.  
 
 PARTICIPATION AND WITHDRAWAL 
 
You can choose whether to be in this study or not. If you volunteer to be in this study, you may 
withdraw at any time without consequences of any kind. You may exercise the option of 
removing your data from the study. You may also refuse to answer any questions you don’t 
want to answer and still remain in the study. The investigator may withdraw you from this 
research if circumstances arise that warrant doing so. The researchers may withdraw you if 
participation is no longer in your best interest, or if you fail to follow the instructions of the study. 
In any cases of withdrawal, the gift cards will not be reclaimed from the participants. 
 
If you decide to participate, you agree to cooperate fully with study procedures. We will tell you 
about new information that may affect your health, welfare, or willingness to stay in this study. 
You will be given a copy of the consent form to keep. 
 
 RIGHTS OF RESEARCH PARTICIPANTS 
 
You may withdraw your consent at any time and discontinue participation without penalty. You 
are not waiving any legal claims, rights, or remedies because of your participation in this 
research study. This research project has been reviewed and received ethics clearance through 
the University of Guelph Research Ethics Board and has been assigned the file number 
13AP008. If you have questions regarding your rights as a research participant, contact Sandra 
Auld, the Director of Research Ethics at: 
   

University of Guelph    Telephone: (519) 824-4120, ext. 56606 
437 University Centre    E-mail: sauld@uoguelph.ca  
Guelph, ON, N1G 2W1   Fax: (519) 821-5236 
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 CONSENT 
 
If you agree to grant your consent to participate in this study, please fill out the two attached 
consent forms and the survey about your child’s health.  If your child is verbal, we suggest that 
you obtain verbal assent from your child for the fecal donation.  Below, we provide you with a 
sample script of what you can read to your child. It is written from your (the parent/guardian’s) 
perspective. 
 

“A group of scientists at the University of Guelph has asked you and me to be 
part of a scientific project. In a nutshell, they would like to take a sample of your 
poop! Although it seems a bit strange, it is the easiest way to study the bacteria 
that live in your gut (tummy). There are lots of different bacteria in your gut 
(tummy)– most of them are not harmful (in fact they do a lot to keep you healthy). 
But sometimes there are changes in the types of bacteria that might make you 
sick.  
 
The scientists are interested in studying gut (tummy) bacteria because there is 
evidence that they are involved in diseases like autism. The scientists have given 
me lots of information about this project, and I think it would be a good idea for us 
to help them, but I want to ask your permission as well. If you would like to “leave 
your mark” in science, now is your chance! If you choose to participate, the first 
thing that will happen is that I will answer some questions about your health on a 
piece of paper. This information will be kept private, except for three important 
pieces of data that will be given to the scientists: 
 

1) Your age 
2) Whether you are a boy or girl 
3) Whether you are healthy or sick 
 

Next, you may be asked to give your poop sample. Though it’s a little messy, I 
will be there with you and I will have lots of instructions. After you go poop, then I 
will take it, and send it to the scientists.” 

 
 FINAL INSTRUCTIONS 
 
Once your child assents to participate and the forms have been completed, mail the Researcher 
Copy consent form and survey to Mr. Chris Ambrose in the envelope provided.  Keep the 
Participant Copy consent form for your records. 
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Emma Allen-Vercoe, Ph.D. 
COLLEGE OF BIOLOGICAL SCIENCE 

Department of Molecular and Cellular Biology 
Room SCIE 3252, (519) 824-4120 ex 53366 

 
CONSENT TO PARTICIPATE IN RESEARCH:  

PARENT/GUARDIAN ON BEHALF OF CHILD PARTICIPANTS 
- Participant Copy - Neurotypical Population - Participant Code: AT### - 

 
I _______________________________________________  have read the information 
provided for the study “Modeling Gut Microbial Ecology and Metabolism in Autism using an 
Innovative Ex Vivo Approach” REB# 13AP008 being completed by Dr. Emma Allen-Vercoe and 
MSc student Erin Bolte of the Department of Molecular and Cellular Biology at the University of 
Guelph. I agree to complete the survey concerning the current and past health history of my 
child _____________________________________________. I confirm that I have explained 
the nature of this study with my child, and that my child has given assent to be part of the study. 
 
If my child is found to be suitable for the study, I will donate a fresh sample of my child’s fecal 
matter, following the instructions provided. I allow the following three personal details to be 
released with my child’s donated fecal sample: age at time of collection, gender, and health 
status. I will provide my contact name, phone/email, and mailing address for the explicit purpose 
of coordinating the survey and fecal sample delivery with study contact representative Mr. Chris 
Ambrose. 
 
Mr. Chris Ambrose, Study Contact Representative 
University of Guelph Department of Molecular and Cellular Biology 
Science Complex 3252 
(519) 824-4120 X 54478 
cambrose@uoguelph.ca  
 
I understand that the fecal sample may be used for research purposes to try to understand the 
role of gut bacteria in Autism Spectrum Disorder (ASD). My questions have been answered to 
my satisfaction, and I agree to participate in this study. I have a copy of this form.  
 
I agree that bacterial isolates from my child’s stool sample may be kept and analyzed in depth 
by researchers in the Dr. Emma Allen-Vercoe lab, for future research involving gut bacteriology. 
No personal details linking my child to their donated isolates will ever be released, except for 
gender, neurotypical status, and age at time of collection. I understand that I may withdraw my 
child from participation in this research at any time and without reprisal. If I wish for this to 
happen, all records containing personal information related to my child’s donation will be 
destroyed, but bacterial isolates related to this donation will be retained unless I specifically 
request that they are to be destroyed. I also understand that, in accordance with the U.S. Army 
Medical Research and Materiel Command (USAMRMC) regulation, U.S. Federal or Department 
of Defense representatives are allowed access to the research records produced during this 
study. 

 
  

mailto:cambrose@uoguelph.ca


  

108 
 

GUELPH · ONTARIO · CANADA · N1G 2W1 TEL. (519) 824-4120, x 53366 FAX (519) 837-1802 

 

 

PERSONAL INFORMATION     Participant Code: AT### 

___________________________________________  

Name of Child (please print) 

___________________________________________  

Name of Parent or Guardian (please print) 

______________________________________________________________ 

Contact Phone Number and/or Email 

_____________________________________________________________ 

Contact Mailing Address 

___________________________________________  ______________ 

Signature of Parent or Guardian      Date 

 

SIGNATURE OF WITNESS 

___________________________________________  

Name of Witness (please print) 

___________________________________________  _______________ 

Signature of Witness       Date 

 
PREFERENCE INDICATIONS 

 
First gift card - Child’s Preference for Survey Completion:    

  $15 Chapters    $15 Simply Wonderful Toys 
 
If selected for fecal donation, Second gift card - Child’s Preference for Fecal Donation:   

  $15 Chapters    $15 Simply Wonderful Toys 
 
If selected for fecal donation, I wish to donate:    

  In my home   At the Autism Intervention Clinic 
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Emma Allen-Vercoe, Ph.D. 
COLLEGE OF BIOLOGICAL SCIENCE 

Department of Molecular and Cellular Biology 
Room SCIE 3252, (519) 824-4120 ex 53366 

 
CONSENT TO PARTICIPATE IN RESEARCH:  

PARENT/GUARDIAN ON BEHALF OF CHILD PARTICIPANTS 
- Researcher Copy - Neurotypical Population - Participant Code: AT### - 

 
I _______________________________________________  have read the information 
provided for the study “Modeling Gut Microbial Ecology and Metabolism in Autism using an 
Innovative Ex Vivo Approach” REB# 13AP008 being completed by Dr. Emma Allen-Vercoe and 
MSc student Erin Bolte of the Department of Molecular and Cellular Biology at the University of 
Guelph. I agree to complete the survey concerning the current and past health history of my 
child _____________________________________________. I confirm that I have explained 
the nature of this study with my child, and that my child has given assent to be part of the study. 
 
If my child is found to be suitable for the study, I will donate a fresh sample of my child’s fecal 
matter, following the instructions provided. I allow the following three personal details to be 
released with my child’s donated fecal sample: age at time of collection, gender, and health 
status. I will provide my contact name, phone/email, and mailing address for the explicit purpose 
of coordinating the survey and fecal sample delivery with study contact representative Mr. Chris 
Ambrose. 
 
Mr. Chris Ambrose, Study Contact Representative 
University of Guelph Department of Molecular and Cellular Biology 
Science Complex 3252 
(519) 824-4120 X 54478 
cambrose@uoguelph.ca  
 
I understand that the fecal sample may be used for research purposes to try to understand the 
role of gut bacteria in Autism Spectrum Disorder (ASD). My questions have been answered to 
my satisfaction, and I agree to participate in this study. I have a copy of this form.  
 
I agree that bacterial isolates from my child’s stool sample may be kept and analyzed in depth 
by researchers in the Dr. Emma Allen-Vercoe lab, for future research involving gut bacteriology. 
No personal details linking my child to their donated isolates will ever be released, except for 
gender, neurotypical status, and age at time of collection. I understand that I may withdraw my 
child from participation in this research at any time and without reprisal. If I wish for this to 
happen, all records containing personal information related to my child’s donation will be 
destroyed, but bacterial isolates related to this donation will be retained unless I specifically 
request that they are to be destroyed. I also understand that, in accordance with the U.S. Army 
Medical Research and Materiel Command (USAMRMC) regulation, U.S. Federal or Department 
of Defense representatives are allowed access to the research records produced during this 
study. 
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PERSONAL INFORMATION     Participant Code: AT### 

___________________________________________  

Name of Child (please print) 

___________________________________________  

Name of Parent or Guardian (please print) 

______________________________________________________________ 

Contact Phone Number and/or Email 

_____________________________________________________________ 

Contact Mailing Address 

___________________________________________  ______________ 

Signature of Parent or Guardian      Date 

 

SIGNATURE OF WITNESS 

___________________________________________  

Name of Witness (please print) 

___________________________________________  _______________ 

Signature of Witness       Date 

 
PREFERENCE INDICATIONS 

 
First gift card - Child’s Preference for Survey Completion:    

  $15 Chapters    $15 Simply Wonderful Toys 
 
If selected for fecal donation, Second gift card - Child’s Preference for Fecal Donation:   

  $15 Chapters    $15 Simply Wonderful Toys 
 
If selected for fecal donation, I wish to donate:    

  In my home   At the Autism Intervention Clinic 
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Emma Allen-Vercoe, Ph.D. 

COLLEGE OF BIOLOGICAL SCIENCE 
Department of Molecular and Cellular Biology 
Room SCIE 3252, (519) 824-4120 ex 53366 

 
 

Survey: ASD Population 
 
This survey is designed to collect information about your child regarding inclusion criteria for the 
study called “Modeling Gut Microbial Ecology and Metabolism in Autism Using an Innovative Ex 
Vivo Approach” REB# 13AP008. These questions are being asked to determine your child’s 
health status. Appended to this survey is the Autism Treatment Evaluation Scale (ATEC). Your 
responses on the ATEC will be used to determine the severity of your child’s autism. Based on 
your responses, the research team will determine your child’s eligibility to take part in the study. 
Your participation in this study is completely voluntary. At any time, you may elect to withdraw 
your survey information, or decide you do not wish to participate in the overall study. 
 

RESEARCHER INFORMATION 
 
Emma Allen Vercoe, Ph.D., Associate Professor, Study Director 
Erin Bolte, B.Sc., Master of Science candidate, Study Coordinator 
 
University of Guelph, Department of Molecular and Cellular Biology 
519-824-4120 ex.53366 
 

CONTACT INFORMATION 
 

If you have any questions or concerns, please don’t hesitate to contact: 
 
Mr. Chris Ambrose, Study Contact Representative 
University of Guelph  
Department of Molecular and Cellular Biology 
Science Complex 3252 
(519) 824-4120 X 54478 
cambrose@uoguelph.ca  
 

AFTER THE SURVEY 
 

After analysis of the results from this survey, you may be asked to collect a sample of your 
child’s stool, and divide it into containers. Stool samples will be collected and frozen as soon as 
possible. The stool samples will be used for scientific screening and experimentation. Stool 
sample collection can take place at the Autism Intervention Clinic (1453 Gordon Street South, 
Suite 202, Guelph, ON N1L 1C9) or at your home. A kit with all the supplies you will need to 
donate will be provided to you. Stool samples will be processed at the University of Guelph and 
will be labeled with only participant code numbers (not names). Samples will be saved for future 
research on gut microbiology. 
 
 

mailto:cambrose@uoguelph.ca
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Participant Code AT###      REB# 13AP008 
 
The participant code listed above matches the participant code found on my consent form. 

  Yes 

  No, Please explain:______________________________________________________________________________ 

Child’s gender: 

  Male 

  Female 

Child’s date of birth (yyyy/mm/dd): My child is potty-trained: 

  Yes 

  No 

My child began displaying symptoms of ASD at: 

  Birth 

  Age (in years): _______________________________ 

Child’s date of ASD diagnosis (yyyy/mm/dd): 

My child’s ASD diagnosis: 

  Severe Autistic Disorder 

  Asperger Syndrome 

  Moderate Autistic Disorder 

  PDD-NOS 

  High-Functioning Autistic Disorder 

  Unknown, on autism spectrum 

My child is currently healthy (no acute sickness) 

  Yes 

  No, Please explain on next page in “Narrative” section  

I or my physician has initiated any intervention or treatment 
for my child’s ASD 

  Yes, Please explain on next page in “Narrative” section 

  No 

My child has gastrointestinal (gut) issues, such as bloating, 
constipation, unusual bowel movements, diarrhea, etc. 

  Yes, Please explain on next page in “Narrative” section 

  No 

I rank my child’s gastrointestinal (gut) issues as: 

  Severe 

  Moderate 

  Mild 

  Nonexistent 

My child has had an infection  within the last 6 months 

  Yes, Please explain on next page in “Narrative” section 

  No 

My child has had an infection during his or her lifetime 

  Yes, Please explain on next page in “Narrative” section 

  No 

My child was treated with an antibiotic in the last 6 months 

  Yes, Please explain on next page in “Narrative” section 

  No 

My child was treated with an antibiotic during his or her 
lifetime 

  Yes, Please explain on next page in “Narrative” section 

  No 

My child was treated with an antibiotic, and I noticed 
behavioral changes 

  Yes, Please explain on next page in “Narrative” section 

  No 

  My child has not been treated with an antibiotic 

My child was treated with an antibiotic, and I noticed 
gastrointestinal (gut) symptom changes 

  Yes, Please explain on next page in “Narrative” section 

  No 

  My child has not been treated with an antibiotic 

My child adheres to a nutritional diet (such as the gluten-
casein free diet) or has dietary restrictions 

  Yes, Please explain on next page in “Narrative” section 

  No 

My child is on a nutraceutical regime (probiotics, 
supplements, etc.)  

  Yes, Please explain on next page in “Narrative” section 

  No 

 

 
Please complete back of form. 
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Participant Code AT### 

Narrative:   
In this section, please include  

(1) A brief description of your child’s normal diet (for example, does your child eat meat, vegetables, ‘junk foods’; is 
he/she a picky eater? 

(2) The nature and severity of your child’s gastrointestinal (gut) issues. 
(3) Any antibiotic exposure: what antibiotic, for what, for how long. Please include all information that you are able 

to recall; antibiotics of particular interest include vancomycin (commonly called “Vanco”), Flagyl, and Nystatin.  
If you are unsure about any aspect of these exposures, please just include all of the information that you are 
able to recall. 

(4) Any deviations regarding the survey criteria from the previous page. Discuss your child’s current health status, 
any ASD intervention/treatments attempted, infections or sickness, any diet/dietary restrictions, and any 
nutraceutical regime. 

 
You know your child’s medical history. Tell us anything unique about him/her, including his/her time in utero, as a 
newborn, and his/her nursing years. Please use additional paper or append further sheets of paper if needed. 
 
 
 

 
Thank you! 
 
Please mail this survey and the Research Copy of the consent form to Study Contact 
Representative Mr. Chris Ambrose in the provided envelope. Keep all instruction pages for 
yourself. 
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Survey: Neurotypical Population 
 
This survey is designed to collect information about your child regarding inclusion 
criteria for the study called “Modeling Gut Microbial Ecology and Metabolism in Autism 
Using an Innovative Ex Vivo Approach” REB# 13AP008. These questions are being 
asked to determine your child’s health status. Based on your responses, the research 
team will determine your child’s eligibility to take part in the study. Your participation in 
this study is completely voluntary. At any time, you may elect to withdraw your survey 
information, or decide you do not wish to participate in the overall study. 
 

RESEARCHER INFORMATION 
 
Emma Allen Vercoe, Ph.D., Associate Professor, Study Director 
Erin Bolte, B.Sc., Master of Science candidate, Study Coordinator 
 
University of Guelph, Department of Molecular and Cellular Biology 
519-824-4120 ex.53366 
 

CONTACT INFORMATION 
 

If you have any questions or concerns, please don’t hesitate to contact: 
 
Mr. Chris Ambrose, Study Contact Representative 
University of Guelph Department of Molecular and Cellular Biology 
Science Complex 3252 
(519) 824-4120 X 54478 
cambrose@uoguelph.ca  
 

AFTER THE SURVEY 
 

After analysis of the results from this survey, you may be asked to collect a sample of 
your child’s stool, and divide it into containers. Stool samples will be collected and 
frozen as soon as possible. The stool samples will be used for scientific screening and 
experimentation. Stool sample collection can take place at the Autism Intervention Clinic 
(1453 Gordon Street South, Suite 202, Guelph, ON N1L 1C9) or at your home. A kit 
with all the supplies you will need to donate will be provided to you. Stool samples will 
be processed at the University of Guelph and will be labeled with only participant code 
numbers (not names). Samples will be saved for future research on gut microbiology. 

mailto:cambrose@uoguelph.ca
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Participant Code AT###      REB# 13AP008 
 
The participant code listed above matches the participant code found on my consent form. 

  Yes 

  No, Please explain:______________________________________________________________________________ 

Child’s gender: 

  Male 

  Female 

Child’s date of birth (yyyy/mm/dd): My child is potty-trained: 

  Yes 

  No 

My child is currently healthy (no acute sickness) 

  Yes 

  No, Please explain below in “Narrative”  

My child has a sibling with autism (any ASD diagnosis) 

  Yes, Please explain below in “Narrative”  

  No 

My child was treated with an antibiotic in the last 6 months 

  Yes, Please explain below in “Narrative” 

  No 

My child was treated with an antibiotic during his or her 
lifetime 

  Yes, Please explain below in “Narrative” 

  No 

My child adheres to a particular nutritional diet or has 
dietary restrictions 

  Yes, Please explain below in “Narrative” 

  No 

My child commonly has gastrointestinal (gut) issues, such 
as bloating, constipation, unusual bowel movements, 
diarrhea, etc. 

  Yes, Please explain below in “Narrative” 

  No 

My child has a permanent/chronic/long-term physical 
health diagnosis such as, but not limited to, asthma, 
allergies, obesity, etc. 

  Yes, Please explain below in “Narrative” 

  No 

My child has a permanent/chronic/long-term mental health 
diagnosis such as, but not limited to, ADHD (attention 
deficit-hyperactivity disorder), OCD (obsessive-compulsive 
disorder), language impairment, etc. 

  Yes, Please explain below in “Narrative” 

  No 

Narrative:   
In this section, please include  

(1) A brief description of your child’s normal diet (for example, does your child eat meat, vegetables, ‘junk foods’; is 
he/she a picky eater? 

(2) Any antibiotic exposure: which antibiotic, when, prescribed for which indication, taken for how long.  Note that if 
you do not remember these details, please simply tell us those details that you do remember. 

(3) Any deviations regarding the above survey criteria.  Discuss your child’s current health status, any permanent 
or long-term diagnoses, the mental and physical health status of the child’s immediate family members, any 
dietary restrictions, and any gastrointestinal (gut) issues. 

 
You know your child’s medical history.  Tell us anything unique about him/her.  Additional space is provided on the next 
page, and feel free to append additional pages if required. 
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Participant Code AT### 
 

Narrative, continued: 
 

 
Thank you! 
 
Please mail this survey and the Research Copy of the consent form to Study Contact 
Representative Mr. Chris Ambrose in the provided envelope.  Keep all instruction pages for 
yourself. 
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Fecal Sample Donation Instructions 

 
Thank you for your participation in the study called “Modeling Gut Microbial Ecology and Metabolism in 
Autism Using an Innovative Ex Vivo Approach” REB # 13AP008. Based on your  

survey responses, the research team has determined that your child _____________________ 

 ____________________________________________ is eligible to take part in the study. Your  
participation in this study is completely voluntary. At any time, you may elect to withdraw your survey 
information, or decide you do not wish to participate in the overall study. 
 
In your survey, you indicated that you wish to have your child donate his or her fecal sample at the 
Autism Intervention Clinic. To facilitate this, please contact Susan Watts of the Autism Intervention 
Clinic to arrange a time to bring your child to the Clinic for the fecal sample donation.  Please be sure that 
your child consumes food that is normally in his/her diet in the 24 hours leading up to his/her fecal 
donation. 
 
Susan Watts, RN, BScN, RHN, The Autism Intervention Clinic 
1453 Gordon Street South, Suite 202, Guelph, ON, N1L 1C9 
Phone: (519) 827-7768, Fax: (519) 780-3853 
susanwatts@autisminterventionclinic.ca 
 
Then contact Mr. Chris Ambrose, and let him know the time and date for the fecal sample donation.  He 
will meet you there to pick up the sample and give you the second $15 gift card for your child. Your active 
participation in this study will end after we have obtained the stool sample.  
 
Your fecal sample will be analyzed within 6-12 months.  You may request feedback about the bacterial 
species cultured from your child’s fecal sample by contacting Mr. Chris Ambrose.  We will provide you 
with these details; however we caution that these results should not be used to form predictions about 
your child’s health. Any concern about the results from your child’s fecal donation should be directed to 
your physician, or to the medical practitioners helping with this study: Susan Watts, R.N., Wendy 
Edwards, M.D., and John Coombs, M.D. 
 

RESEARCHER INFORMATION 
 
Emma Allen Vercoe, Ph.D., Associate Professor, Study Director 
Erin Bolte, B.Sc., Master of Science candidate, Study Coordinator 
 
University of Guelph Department of Molecular and Cellular Biology 
519-824-4120 ex.53366 
 

CONTACT INFORMATION 
 

If you have any questions or concerns, please don’t hesitate to contact: 
 
Mr. Chris Ambrose, Study Contact Representative, University of Guelph  
Department of Molecular and Cellular Biology, Science Complex 3252 
(519) 824-4120 X 54478   
cambrose@uoguelph.ca  

mailto:susanwatts@autisminterventionclinic.ca
mailto:cambrose@uoguelph.ca
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Emma Allen-Vercoe, Ph.D. 
COLLEGE OF BIOLOGICAL SCIENCE 

Department of Molecular and Cellular Biology 
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Fecal Sample Donation Instructions 

 
Thank you for your participation in the study called “Modeling Gut Microbial Ecology and Metabolism in 
Autism Using an Innovative Ex Vivo Approach” REB # 13AP008. Based on your  

survey responses, the research team has determined that your child ____________________ 

 ___________________________________________ is eligible to take part in the study. Your  
participation in this study is completely voluntary. At any time, you may elect to withdraw your survey 
information, or decide you do not wish to participate in the overall study. 
 
In your survey, you indicated that you wish to have your potty-trained child donate the fecal sample at 
home. At your earliest convenience, please contact Mr. Chris Ambrose to obtain a kit with all of the 
materials you will need for fecal sample collection.  
 
Mr. Chris Ambrose, Study Contact Representative 
University of Guelph Department of Molecular and Cellular Biology 
Science Complex 3252 
(519) 824-4120 X 54478 
cambrose@uoguelph.ca 
 
We request that you complete the task within one week of being given the kit. Once you obtain your 
child’s fecal sample, you should immediately freeze the sample (a domestic freezer is fine to use for this 
purpose). Then contact Mr. Chris Ambrose again, and he will arrange for the sample to be collected and 
give you the second $15 gift card for your child. Your active participation in this study will end after we 
have obtained the stool sample.  
 
Your fecal sample will be analyzed within 6-12 months. You may request feedback about the bacterial 
species cultured from your child’s fecal sample by contacting Mr. Chris Ambrose. We will provide you with 
these details; however we caution that these results should not be used to form predictions about your 
child’s health. Any concern about the results from your child’s fecal donation should be directed to your 
physician, or to the medical practitioners helping with this study: Susan Watts, R.N., Wendy Edwards, 
M.D., and John Coombs, M.D. 
 

RESEARCHER INFORMATION 
 
Emma Allen Vercoe, Ph.D., Associate Professor, Study Director 
Erin Bolte, B.Sc., Master of Science candidate, Study Coordinator 
University of Guelph  
Department of Molecular and Cellular Biology 
519-824-4120 ex.53366 
 
If you have any questions or concerns, please don’t hesitate to contact us. 
  

mailto:cambrose@uoguelph.ca
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COLLEGE OF BIOLOGICAL SCIENCE 

Department of Molecular and Cellular Biology 
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Fecal Sample Donation Instructions 

 
MATERIALS FOR PARTICIPANTS 
 
You were provided with a fecal sample collection kit. The kit should contain: 
 
1. White toilet tray  
2. White toilet container lined with cling-wrap 
3. Several pairs of latex gloves 
4. Several plastic spoons wrapped in aluminum foil  
5. Empty Ziploc bags 
6. A silver pouch with the words “Anaerobe Pouch System” on it 
7. Several strips of a sticky substance (called “parafilm”) 
8. Two special liquid-filled containers (in a Ziploc bag with an anaerobic pack and 

sealed lids) 
9. A Styrofoam freezer box 
 

 

4 

9 

7 6 5 

3 

8 

1 2 
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INSTRUCTIONS FOR PARTICIPANTS 
 

 The two special containers contain a fluid that “feeds” the bacteria in your child’s 
fecal sample to keep it alive. This fluid is not harmful in any way, but should be kept 
out of reach of children to prevent accidental ingestion (it has a terrible taste). For 
your information, the ingredients are tryptic soy broth (30 mg/mL), menadione (this is 
Vitamin K, 1 µg/mL), hemin (5 µg/mL), and glycerol (50% by volume). 

 Please be sure that your child consumed food that is normally in his/her diet in the 
24 hours leading up to his/her fecal donation. 

 
 
VERY IMPORTANT 
 

 Urine will contaminate the fecal sample. As difficult as it will be, please try to prevent 
your child from urinating in the collection hat. 

 Air is “bad” for the bacteria in your child’s poop. Exposure to air for any longer than a 
few minutes will make it difficult for the researchers to recover the bacteria that they 
are trying to find. Thus, to the best of your ability, please minimize the time between 
your child’s bowel movement and its placement in the provided containers. 

 Please read the instructions several times prior to the donation so you know what to 
do. This way, you can perform the procedure as quickly as possible.  

 Please do not throw out any feces. The more feces you provide us, the better. 
 
 
If you have any questions or concerns, please don’t hesitate to contact us: 
 
 
CONTACT INFORMATION 
 
Mr. Chris Ambrose, Study Contact Representative 
University of Guelph Department of Molecular and Cellular Biology 
Science Complex 3252 
(519) 824-4120 X 54478 
cambrose@uoguelph.ca 
 
 
RESEARCHER INFORMATION 
 
Emma Allen Vercoe, Ph.D., Associate Professor, Study Director 
Erin Bolte, B.Sc., Master of Science candidate, Study Coordinator 
University of Guelph  
Department of Molecular and Cellular Biology 
519-824-4120 ex.53366 

mailto:cambrose@uoguelph.ca
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DIRECTIONS 
 
When your child needs to pass a bowel movement, perform the following: 

 

1. Set out the special containers, but do not open the lids until later. 

2. Check that the code number on the containers matches the code number on 

your consent form. Also check that the color of the fluid in the fluid-filled 

containers is a clear, golden yellow, not cloudy. If the numbers are incorrect or 

the fluid is cloudy, contact Mr. Chris Ambrose. 

3. Remove the lid from the white toilet hat container. The inside of the collection 
container will be lined with cling wrap.  

4. Place the cling wrap-lined container in the white toilet tray. Set this under the 
toilet seat, oriented so that your child will poop into the hat. 

5. Tell your child to not pee in the white collection container. Tell him/her to hold 
it, and wait till you take the collection container away from the toilet. 

6. Put the gloves on your hands. 
7. Have the child pass his or her bowel movement into the collection container, such 

that the feces falls into the container lined with cling wrap. 
8. From when the child begins to pass his bowel movement, less than 2 minutes 

should pass before you remove the collection container. Move quickly to 
reduce how long the fecal sample contacts the air. 

-      It is possible that your child will not pass all of his or her bowel 
movement in 2 minutes. In this case, take the collection container away 
with however much the child has passed. The child is free to pass the 
rest of his or her bowel movement and/or urinate into the toilet. 

-      If too much time elapses, or the child is not able to void the bowel 
movement, throw out the cling wrap and gloves. Reline the white 
container with cling wrap and replace the lid. Try again later. 

9. Remove the parafilm from one fluid-filled container and unscrew the lid. 

10. Using one of the plastic spoons provided, scoop generous spoon-fulls of 

feces into the special container until it is full but not overflowing. If necessary, 

use a second plastic spoon (not your fingers) to push the feces off the first 

spoon. Open and shut the special container quickly.  

11. Close and tighten the container. 

12. Repeat this process (Steps 9-11) for the second fluid-filled container. 

 
Instructions continued on next page… 
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DIRECTIONS, CONTINUED 
 

13. Gently wrap the remaining feces with the cling wrap in the white container to 

keep air away from the feces. Replace the lid on the white container.  

14. Place the white container in a Ziploc bag, squeeze the air out, and seal the 

bag. 

15. Wrap the lids of the liquid-filled containers with the provided parafilm strips 

(like when they were originally provided to you). 

16. Place the fluid-filled containers in another Ziploc bag. 

17. Quickly rip open the silver pouch. Place the anaerobic pouch in the Ziploc 

bag with the fluid-filled containers. Squeeze the air out and seal the bag. 

18. Place both Ziploc bags in the Styrofoam freezer box, and place the box in 

your domestic freezer without the lid, away from food products if possible. The 

containers and freezer box will completely prevent any contamination. 

19. Wait 30 minutes before putting the lid on the freezer box. 

20. Throw the used plastic spoon(s) and latex gloves in the garbage. 
21. Wash your hands thoroughly with soap and warm water. 
22. Call Mr. Chris Ambrose on the number provided on the previous page to 

arrange for pick-up of the fecal sample and donation hat. He will provide you 
with your second $15 gift card at that time. 
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Department of Molecular and Cellular Biology 
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Fecal Sample Donation Instructions 

 
Thank you for your participation in the study called “Modeling Gut Microbial Ecology and Metabolism in 
Autism Using an Innovative Ex Vivo Approach” REB # 13AP008. Based on your  

survey responses, the research team has determined that your child ____________________ 

 ___________________________________________ is eligible to take part in the study. Your  
participation in this study is completely voluntary. At any time, you may elect to withdraw your survey 
information, or decide you do not wish to participate in the overall study. 
 
In your survey, you indicated that you wish to have your non potty-trained child donate the fecal sample 
at home. At your earliest convenience, please contact Mr. Chris Ambrose to obtain a kit with all of the 
materials you will need for fecal sample collection.  
 
Mr. Chris Ambrose, Study Contact Representative 
University of Guelph Department of Molecular and Cellular Biology 
Science Complex 3252 
(519) 824-4120 X 54478 
cambrose@uoguelph.ca 
 
We request that you complete the task within one week of being given the kit. Once you obtain your 
child’s fecal sample, you should immediately freeze the sample (a domestic freezer is fine to use for this 
purpose). Then contact Mr. Chris Ambrose, who will arrange for the sample to be collected and give you 
the second $15 gift card for your child. Your active participation in this study will end after we have 
obtained the stool sample.  
 
Your fecal sample will be analyzed within 6-12 months. You may request feedback about the bacterial 
species cultured from your child’s fecal sample by contacting Mr. Chris Ambrose. We will provide you with 
these details; however we caution that these results should not be used to form predictions about your 
child’s health. Any concern about the results from your child’s fecal donation should be directed to your 
physician, or to the medical practitioners helping with this study: Susan Watts, R.N., Wendy Edwards, 
M.D., and John Coombs, M.D. 
 

RESEARCHER INFORMATION 
 
Emma Allen Vercoe, Ph.D., Associate Professor, Study Director 
Erin Bolte, B.Sc., Master of Science candidate, Study Coordinator 
University of Guelph  
Department of Molecular and Cellular Biology 
519-824-4120 ex.53366 
 
If you have any questions or concerns, please don’t hesitate to contact us.  

  

mailto:cambrose@uoguelph.ca
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Fecal Sample Donation Instructions 

 
MATERIALS FOR PARTICIPANTS 
 
You were provided with a fecal sample collection kit. The kit should contain: 
 
1. Several pairs of latex gloves 
2. Several plastic spoons wrapped in aluminum foil  
3. Empty Ziploc bags 
4. A silver pouch with the words “Anaerobe Pouch System” on it 
5. Several strips of a sticky substance (called “parafilm”) 
6. One empty container with a blue lid 
7. Two special liquid-filled containers (in a Ziploc bag with an anaerobic pack and 

sealed lids) 
8. A freezer box 
 
 

 
 
  

1 

7 

8 6 

2 5 
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INSTRUCTIONS FOR PARTICIPANTS 
 

 The two special containers contain a fluid that “feeds” the bacteria in your child’s 
fecal sample to keep it alive. This fluid is not harmful in any way, but should be kept 
out of reach of children to prevent accidental ingestion (it has a terrible taste). For 
your information, the ingredients are tryptic soy broth (30 mg/mL), menadione (this is 
Vitamin K, 1 µg/mL), hemin (5 µg/mL), and glycerol (50% by volume). 

 Please be sure that your child consumed food that is normally in his/her diet in the 
24 hours leading up to his/her fecal donation. 

 
IMPORTANT NOTES 
 

 On the day you decide to collect the fecal sample, please change your child 
regularly. Urine will contaminate the fecal sample. You are trying to collect the 
sample from a diaper that has only feces in it. If urine is in the same diaper as the 
feces, then collect the sample from as far away from the urine as possible. 

 Air is “bad” for the bacteria in your child’s poop. Exposure to air for any longer than a 
few minutes will make it difficult for the researchers to recover the bacteria that they 
are trying to find. Thus, to the best of your ability, please minimize the time between 
your child’s bowel movement and its placement in the provided container. 

 Please read the instructions several times prior to the donation so you know what to 
do. This way, you can perform the procedure as quickly as possible.  

 We are providing you with special containers to hold the fecal sample. Please scoop 
as much feces into these containers as possible. The more feces you provide us, the 
better. 

 
If you have any questions or concerns, please don’t hesitate to contact us: 
 
CONTACT INFORMATION 
 
Mr. Chris Ambrose, Study Contact Representative 
University of Guelph Department of Molecular and Cellular Biology 
Science Complex 3252 
(519) 824-4120 X 54478  cambrose@uoguelph.ca 
 
RESEARCHER INFORMATION 
 
Emma Allen Vercoe, Ph.D., Associate Professor, Study Director 
Erin Bolte, B.Sc., Master of Science candidate, Study Coordinator 
University of Guelph  
Department of Molecular and Cellular Biology 
519-824-4120 ex.53366 

mailto:cambrose@uoguelph.ca
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DIRECTIONS 
 
When you anticipate your child’s bowel movement: 
23. Set out the special containers, but do not open the lids until later. 
24. Check that the code number on the containers matches the code number on your 

consent form. Also check that the color of the fluid in the fluid-filled containers is a 
clear, golden yellow, not cloudy. If the numbers are incorrect or the fluid is cloudy, 
contact Mr. Chris Ambrose. 

25. Put the gloves on your hands. 
26. Remove the diaper from your child.  
27. Move quickly to reduce how long the fecal sample contacts the air. Less than 1 

minute should pass between removing the diaper and beginning collection. 
28. Remove the parafilm from one fluid-filled container and unscrew the lid. 
29. Using one of the plastic spoons provided, scoop generous spoon-fulls of feces into 

the special container until it is full but not overflowing. If necessary, use a second 
plastic spoon (not your fingers) to push the feces off the first spoon. Open and shut 
the special container quickly.  

30. Close and tighten the container. 
31. Repeat this process (Steps 6-8) for the second fluid-filled container. 
32. Repeat this process (Steps 6-8) for the empty container with the blue lid. Scoop all 

of the remaining feces into this container. 
33. Once you dispense your child’s entire fecal sample into the three containers, take 

the provided parafilm strips and wrap the lids (like when they were originally 
provided to you). 

34. Place the blue-lid container in a Ziploc bag, squeeze the air out, and seal the bag. 
35. Place the fluid-filled containers in another Ziploc bag. 
36. Quickly rip open the silver pouch. Place the anaerobic pouch in the Ziploc bag with 

the fluid-filled containers. Squeeze the air out and seal the bag. 
37. Place the Ziploc bags in the freezer box, and place the box in your domestic freezer 

without the lid, away from food products if possible. The containers and freezer box 
will completely prevent any contamination. 

38. Wait 30 minutes before putting the lid on the freezer box. 
39. Throw the diaper, used plastic spoon(s), and latex gloves in the garbage. 
40. Wash your hands thoroughly with soap and warm water. 
41. Call Mr. Chris Ambrose on the number provided on the previous page to arrange for 

pick-up of the fecal sample and donation hat. He will provide you with your second 
$15 gift card at that time. 
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Emma Allen-Vercoe, Ph.D. 

COLLEGE OF BIOLOGICAL SCIENCE 
Department of Molecular and Cellular Biology 
Room SCIE 3252, (519) 824-4120 ex 53366 

 
Thank You! 

  
 

Thank you for your participation in the study called “Modeling Gut Microbial 
Ecology and Metabolism in Autism Using an Innovative Ex Vivo Approach” REB # 
13AP008.  
 
 

Your fecal sample will be analyzed within 6-12 months. You may request 
feedback about the bacterial species cultured from your child’s fecal sample by 
contacting Mr. Chris Ambrose. We will provide you with these details; however we 
caution that these results should not be used to form predictions about your child’s 
health. Any concern about the results from your child’s fecal donation should be 
directed to your physician, or to the medical practitioners helping with this study: Susan 
Watts, R.N., Wendy Edwards, M.D., and John Coombs, M.D. If you have any questions 
or concerns, please don’t hesitate to contact us. 
 
 

CONTACT INFORMATION 
 
Mr. Chris Ambrose, Study Contact Representative 
University of Guelph Department of Molecular and Cellular Biology 
Science Complex 3252 
(519) 824-4120 X 54478 
cambrose@uoguelph.ca 
 
 

RESEARCHER INFORMATION 
 
Emma Allen Vercoe, Ph.D., Associate Professor, Study Director 
Erin Bolte, B.Sc., Master of Science candidate, Study Coordinator 
University of Guelph  
Department of Molecular and Cellular Biology 
519-824-4120 ex.53366 
 
 

mailto:cambrose@uoguelph.ca
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Table A.6: List of ingredients in the supplemented tryptic soy broth 

Ingredient Concentration (per liter) 

Tryptic soy broth 30.0 g 

Peptone from casein 17.0 g 

Peptone from soymeal 3.0 g 

D(+)glucose 2.5 g 

Sodium chloride 5.0 g 

Dipotassium hydrogen phosphate 2.5 g 

Hemin 5.0 mg 

Menadione 1.0 mg 

Glycerol 500 mL 

Distilled water 500 mL 

* TSB was maintained anaerobically by packaging in Ziploc bags with 

activated anaerobic pouches (AnaeroPouch System, Mitsubishi Gas 

Chemical, New York, NY USA) 
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Table A.7: Masses from the ultracentrifugation of fecal samples used to normalize MCF concentration. 

These masses were used to render the SLRs of fecal waters. According to the SLRs, varying volumes of 

fecal water and sterile PBS were mixed to a final treatment concentration of 10 ng feces / mL liquid. Non-

shaded values are experimental masses; shaded values are calculated values. Masses provided in grams. 

 

Participant 
Mass 

feces 

Volume 

PBS 

(mL) 

Mass 

Empty 

Tube 

Mass 

Full 

Tube 

[Mass 

Sample] 
1 

Mass 

Pellet + 

Tube 

[Mass 

Pellet] 
2 

[SLR] 
3 

ASD 

AT004 8.22 32.88 4.06 33.90 29.84 6.47 2.41 0.081 g/mL 

AT102 7.91 31.64 4.13 30.80 26.67 6.35 2.22 0.083 g/mL 

AT009 7.83 31.32 4.13 32.96 28.83 6.60 2.47 0.086 g/mL 

AT050 8.17 32.68 4.06 33.81 29.75 6.88 2.82 0.095 g/mL 

AT225 6.97 27.88 4.13 30.80 26.67 6.98 2.85 0.107 g/mL 

AT206 6.90 27.6 4.16 33.94 29.78 7.40 3.24 0.109 g/mL 

AT977 8.63 34.52 4.14 32.09 27.95 7.46 3.32 0.119 g/mL 

AT083 6.96 27.84 4.06 33.39 29.33 7.55 3.49 0.119 g/mL 

AT846 7.14 28.56 4.17 33.14 28.97 7.72 3.55 0.123 g/mL 

AT115 8.17 32.68 4.01 34.00 29.99 7.86 3.85 0.128 g/mL 

AT256 6.77 27.08 4.13 33.49 29.36 8.48 4.35 0.148 g/mL 

AT807 7.46 29.84 4.15 33.87 29.72 9.30 5.15 0.173 g/mL 

AT021 8.32 33.28 4.16 34.07 29.91 9.39 5.23 0.175 g/mL 

AT463 7.63 30.52 4.06 33.38 29.32 9.20 5.14 0.175 g/mL 

AT066 7.09 28.36 4.13 33.35 29.22 9.37 5.24 0.179 g/mL 

AT019 7.91 31.64 4.08 33.49 29.41 9.47 5.39 0.183 g/mL 

AT261 7.58 30.32 4.15 33.94 29.79 10.22 6.07 0.204 g/mL 

AT750 7.06 28.24 4.14 33.38 29.24 10.18 6.04 0.207 g/mL 

AT510 7.77 31.08 4.10 34.07 29.97 13.02 8.92 0.298 g/mL 

NT 

AT743 7.84 31.36 4.06 33.92 29.86 6.93 2.87 0.096 g/mL 

AT944 7.20 28.80 4.15 33.03 28.88 7.60 3.45 0.119 g/mL 

AT048 7.54 30.16 4.14 33.03 28.89 7.93 3.80 0.131 g/mL 

AT467 7.02 28.08 4.15 32.09 27.94 8.05 3.90 0.140 g/mL 

AT970 6.88 27.52 4.14 33.87 29.73 8.47 4.33 0.146 g/mL 

AT275 7.62 30.48 4.16 34.00 29.84 9.11 4.95 0.166 g/mL 

AT173 6.72 26.88 4.12 33.32 29.2 9.05 4.93 0.169 g/mL 

AT194 7.43 29.72 4.11 33.65 29.54 9.19 5.08 0.172 g/mL 

AT150 8.48 33.92 4.13 33.66 29.53 9.25 5.12 0.173 g/mL 

AT077 6.82 27.28 4.06 33.68 29.62 9.57 5.51 0.186 g/mL 

AT213 6.64 26.56 4.06 33.79 29.73 10.09 6.03 0.203 g/mL 

AT992 7.49 29.96 4.06 33.80 29.74 10.28 6.22 0.209 g/mL 

AT896 7.05 28.20 4.14 33.39 29.25 10.39 6.25 0.214 g/mL 

AT813 7.30 29.20 4.06 33.85 29.79 10.93 6.87 0.231 g/mL 

AT772 7.49 29.96 4.14 32.96 28.82 10.93 6.79 0.236 g/mL 

1 Calculated from (Mass Full Tube) – (Mass Empty Tube) 
2 Calculated from (Mass Pellet + Tube) – (Mass Empty Tube) 
3 Calculated from (Mass Pellet) ÷ (Mass Sample) 
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Table A.7 cont.: Masses from the ultracentrifugation of fecal samples used to normalize MCF 

concentration. These masses were used to render the SLRs of fecal waters. According to the SLRs, 

varying volumes of fecal water and sterile PBS were mixed to a final treatment concentration of 10 

ng feces / mL liquid. Non-shaded values are experimental masses; shaded values are calculated 

values. Masses provided in grams. 

 Participant [SLR] 3 Vol. Fecal Water Vol. Sterile PBS Total Volume 

ASD 

AT004 0.081 g/mL 148.6 μL 51.4 μL 

Always  

200 μL 

AT102 0.083 g/mL 144.2 μL 55.8 μL 

AT009 0.086 g/mL 140.1 μL 59.9 μL 

AT050 0.095 g/mL 126.6 μL 73.4 μL 

AT225 0.107 g/mL 112.3 μL 87.7 μL 

AT206 0.109 g/mL 110.3 μL 89.7 μL 

AT977 0.119 g/mL 101.0 μL 99.0 μL 

AT083 0.119 g/mL 100.8 μL 99.2 μL 

AT846 0.123 g/mL 97.9 μL 102.1 μL 

AT115 0.128 g/mL 93.5 μL 106.5 μL 

AT256 0.148 g/mL 81.0 μL 119.0 μL 

AT807 0.173 g/mL 69.3 μL 130.7 μL 

AT021 0.175 g/mL 68.6 μL 131.4 μL 

AT463 0.175 g/mL 68.5 μL 131.5 μL 

AT066 0.179 g/mL 66.9 μL 133.1 μL 

AT019 0.183 g/mL 65.5 μL 134.5 μL 

AT261 0.204 g/mL 58.9 μL 141.1 μL 

AT750 0.207 g/mL 58.1 μL 141.9 μL 

AT510 0.298 g/mL 40.3 μL 159.7 μL 

NT 

AT743 0.096 g/mL 124.9 μL 75.1 μL 

AT944 0.119 g/mL 100.4 μL 99.6 μL 

AT048 0.131 g/mL 91.3 μL 108.7 μL 

AT467 0.140 g/mL 86.0 μL 114.0 μL 

AT970 0.146 g/mL 82.4 μL 117.6 μL 

AT275 0.166 g/mL 72.3 μL 127.7 μL 

AT173 0.169 g/mL 71.1 μL 128.9 μL 

AT194 0.172 g/mL 69.8 μL 130.2 μL 

AT150 0.173 g/mL 69.2 μL 130.8 μL 

AT077 0.186 g/mL 64.5 μL 135.5 μL 

AT213 0.203 g/mL 59.2 μL 140.8 μL 

AT992 0.209 g/mL 57.4 μL 142.6 μL 

AT896 0.214 g/mL 56.2 μL 143.8 μL 

AT813 0.231 g/mL 52.0 μL 148.0 μL 

AT772 0.236 g/mL 50.9 μL 149.1 μL 
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Table A.8: List of reagents in the growth medium used to culture microbial communities in 

the chemostat. Chemical suppliers, indicated in the first column, are listed at the bottom of the 

table. Medium was prepared according to the protocol described in McDonald et al. 2013. 

Table adapted from the PhD thesis of Kathleen Schroeter © 2014. 

 

Chemical Supplier Reagent 
Amount  

per 1.8L dH20 

A 

CaCl2
 

0.018 g 

Pectin (from citrus)
 

3.6 g 

Xylan (from beechwood)
 

3.6 g 

Arabinogalactan
 

3.6 g 

Starch (from wheat, unmodified)
 

9.0 g 

NaCl
 

0.18 g 

Porcine Gastric Mucin (Type II)
 

7.2 g 

K2HPO4
 

0.072 g 

Menadione
 

0.0018 g 

Bile Salts
 

0.9 g 

B 

Peptone Water
 

3.6 g 

NaHCO3
 

3.6 g 

KH2PO4
 

0.072 g 

L-Cysteine HCl
 

0.9 g 

C Yeast Extract
 

3.6 g 

D 
Casein

 
5.4 g 

Inulin (from Dahlia tubers)
 

1.8 g 

E 
MgSO4

 
0.018 g 

Hemin
 

0.009 g 

F Antifoam B Silicone Emulsion
 

4.5 mL 

 

(A) Sigma-Aldrich (Oakville, Ontario) 

(B) Thermo Fisher Scientific (Ottawa, Ontario) 

(C) BD (Franklin Lakes, New Jersey) 

(D) Alfa Aesar (Ward Hill, Massachusetts) 

(E) BDH (Radnor, Pennsylvania) 

(F) J.T. Baker (Center Valley, Pennsylvania) 
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Figure A.9: Caption on following page 



 

134 

 

  

Figure A.9: Relative significance of experimental factors for ultracentrifuge extraction of 

MCF. Data from duplicate runs were included. A simplified model of multiple linear 

regression (MLR) was composed of terms representing multiple factors (speed, 

experiment/replicate, pre-processing, speed—experiment interaction, and speed—pre-process 

interaction) that may have biased metabolite profiling effects. These terms were 

systematically eliminated to determine the significance of each term using 4 different models, 

model 1 being the most complex, and model 4 being the most simple. Significant terms (and 

thereby significant experimental factors) are indicated with a star (*). The progression of 

significant terms across the 4 models indicated the relative bias of each compound to the 

statistical analysis. 
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Figure A.10: Comparison of the effects of a preliminary spin step prior to ultracentrifugation 

from two replicates. (A) In replicate 1, of 42 compounds identified with high confidence, only 

the concentration of uracil was found to vary significantly between pre-spin versus no pre-

spin (p=0.010007, via ANOVA). (B) In replicate 2, of 52 compounds identified with high 

confidence, only 3 compounds were found to vary significantly under the same conditions as 

replicate 1: 2-hydroxyisovalerate (p=0.025266), beta-alanine (p=0.048803), and isovalerate 

(p=0.014212). For both replicates, all other compounds varied insignificantly (p > 0.05). The 

variations depicted here were inconsistent in three ways. (1) Uracil, 2-hydroxyisovalerate, and 

beta-alanine were detected at higher concentrations when subjected to a pre-spin, whereas 

isovalerate was detected at a lower concentration. (2) The difference between the pre-spin and 

no pre-spin concentrations were not distinguishable at the higher speed tested (256,861 x g = 

50,000 rpm). (3) These trends were not reproduced by the duplicate run. 
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A) 

 

 
  

Figure A.11: Metabolite concentration effects compared across syringe filter-processed and 

ultracentrifuge-processed samples from two replicates: (A) replicate 1 and (B) replicate 2 

(next page). No p value < 0.05 as tested by the Student’s t-test. 
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B) 

 

  

Figure A.11 cont.: Metabolite concentration effects compared across syringe filter-processed 

and ultracentrifuge-processed samples from two replicates: (A) replicate 1 (previous page) 

and (B) replicate 2. No p value < 0.05 as tested by the Student’s t-test. 
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Figure A.12: Linear regression model depicting the change in metabolite concentration per 

increase in ultracentrifuge speed. Only compounds that followed a linear regression with a 

slope significantly greater than zero percent are listed. 
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Table A.13: Percent change in metabolite concentration for compounds conforming to linear 

modeling. For these compounds (37 of 52), percent changes were calculated based on linear 

regression modeling. Only compounds for which the linear model was significant (slope 

significantly greater than zero by ANOVA, Appendix Figure A.11) are listed. Compounds are 

ordered by decreasing absolute value of the difference in percent change between the two 

replicates. (Two pages). 

 

 
Percent change in concentration (mM) per 10,000 rpm 

Compound Replicate 1 Replicate 2 Difference between replicates 

p-Cresol 54.54% 43.30% 11.23% 

Formate -1.76% -8.08% 6.32% 

Glucose -3.91% -1.30% 2.61% 

2-Oxoisocaproate -0.57% -2.54% 1.97% 

2-Oxoglutarate -3.89% -2.04% 1.85% 

Isobutyrate -1.06% -2.80% 1.74% 

Tyrosine -2.74% -1.09% 1.66% 

Fumarate -1.57% -3.06% 1.49% 

Leucine -2.43% -1.16% 1.27% 

Glutamate -0.69% -1.91% 1.22% 

Glycolate -3.47% -2.27% 1.20% 

Aspartate -1.70% -2.79% 1.10% 

Isovalerate -1.00% -1.77% 0.77% 

Alanine -1.13% -1.87% 0.73% 

Serine -1.98% -2.64% 0.66% 

Threonine -2.30% -2.94% 0.64% 

Phenylalanine -1.68% -1.14% 0.54% 

Valine -2.26% -1.73% 0.53% 

Isoleucine -2.68% -2.16% 0.52% 

Succinate -1.51% -1.86% 0.35% 

Acetate -1.27% -1.53% 0.26% 

Methylamine -0.73% -0.97% 0.24% 

Dimethylamine -1.53% -1.77% 0.23% 

Hydroxyacetone -1.63% -1.41% 0.22% 

Trimethylamine -1.93% -2.14% 0.20% 

Proline -2.16% -2.33% 0.16% 

Phenylacetate -0.86% -1.02% 0.16% 

Valerate -1.11% -1.27% 0.16% 

Pyruvate -2.13% -2.28% 0.15% 

Ornithine -1.29% -1.17% 0.13% 

Ethanol -1.32% -1.45% 0.12% 
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Table A.13 continued 

Butyrate -1.63% -1.74% 0.11% 

Propionate -1.64% -1.56% 0.08% 

Methanol -1.51% -1.58% 0.07% 

Lactate -3.49% -3.52% 0.03% 

Glycine -2.13% -2.16% 0.03% 

Asparagine -2.54% -2.55% 0.01% 

 

 

 

 

 

 

 

Table A.14: Percent change in metabolite concentration for compounds that do not conform to 

linear modeling. For these compounds (15 of 52), percent changes were still calculated based on 

linear regression modeling, even though the model’s slopes were not significantly greater than 

zero by ANOVA. Compounds are ordered by decreasing absolute value of the difference in 

percent change between the two replicates.  Although not statistically significant, these data 

further exemplify the effect of ultracentrifugation on compound concentration. 

 

Compound 

Percent change in concentration (mM) per 10,000 rpm 

Replicate 1 Replicate 2 Difference between replicates 

Galactose -5.49% -1.17% 4.32% 

Thymine 0.86% -3.04% 3.90% 

Benzoate 0.39% -1.23% 1.62% 

Xanthine -1.88% -0.28% 1.60% 

beta-Alanine -1.42% -0.13% 1.30% 

Methionine -0.55% -1.55% 1.00% 

Choline -0.79% 0.13% 0.92% 

Uracil -2.52% -1.81% 0.71% 

3-Phenylpropionate -0.34% -0.96% 0.62% 

Pyroglutamate -1.18% -1.65% 0.47% 

Malate -2.02% -1.68% 0.34% 

Isopropanol -1.87% -2.10% 0.23% 

2-Hydroxyisovalerate -1.57% -1.39% 0.18% 

Tyramine 0.16% 0.07% 0.09% 

Betaine -1.00% -0.93% 0.06% 
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Figure A.15: Effect of increasing fecal mass during MCF extraction protocol on metabolite 

compound concentration. A significant linear relationship and strong correlation between 

metabolite concentration and fecal water concentration is identified by a solid black line. An 

insignificant relationship is identified by a dashed line. Replicates are identified by pink 

(replicate 1) and blue (replicate 2) data points. 
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Table A.17: Comparative characteristics of  age- and gender-matched participants (n=29) 

 
Average 

Age (yr) 

Age 

Range (yr) 

Male : 

Female 

Restrictive 

Diet 

% Antibiotic 

exposure in life 

% Exposed to an antibiotic 

within 6 months 

ASD 

(n=16) 
5.60 

Min: 2.82 

Max: 8.67 
13:3 81% 

1 
88% 19% 

NT 

(n=13) 
6.05 

Min: 2.65 

Max: 8.77 
11:2 15% 

2 
31% 

3 
0% 

1
 Includes self-imposed and parent/guardian imposed restrictions 

2
 Participants are vegetarian / partially vegetarian 

3
 Exposure was restricted to at least 2 years prior to fecal sample donation 

 

 

 

 

 

Table A.18: Percentile ranking for ATEC scores. Adapted from Autism Research 

Institute 2013. 

 Percentile ATEC score 

Mild ASD 0 – 9 0 – 30 

 

10 – 19 31 – 41 

20 – 29 42 – 50 

30 – 39 51 – 57 

40 – 49 58 – 64 

50 – 59 65 – 71 

60 – 69 72 – 79 

70 – 79 80 – 89 

80 – 89 90 – 103 

Severe ASD 90 – 100 104 – 180 
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Figure A.19: Comparison of metabolites identified from fecal water MCFs between the two 

neurotypes. Most outlying concentrations were attributed to a select few individuals. With a 

few exceptions, the concentrations between the two neurotypes for each compound were 

similar. 
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Figure A.20: Normalized SCFA and intermediary metabolite concentrations between age- 

and gender-matches. Participants of each match listed side by side within each column. 
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Figure A.21: Images of the 16-denaturing gradient gel electrophoresis (DGGE) performed on 

community DNA samples from the NT and ASD chemostat runs. 
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Table A.22: Similarity matrices for the chemostat runs from Days 0-30: (A) NT and (B) ASD 

(next page). %SI (similarity indices) were generated by moving window correlation analysis, and 

represent the percent similarity between two samples. Vancomycin was begun after sampling on 

Day 24. %SI of the ladders were outlined for reference. 

A) Ladder 1 Day 30 Day 29 Day 28 Day 27 Day 26 Day 25 Day 24 Day 23 Ladder 2 

Ladder 1 100.00% 40.03% 42.26% 25.82% 28.98% 21.55% 16.51% 31.76% 22.68% 78.69% 

Day 30 40.03% 100.00% 96.62% 77.87% 65.61% 49.47% 35.21% 19.75% 21.63% 10.12% 

Day 29 42.26% 96.62% 100.00% 75.06% 66.94% 45.78% 31.48% 20.17% 23.61% 13.73% 

Day 28 25.82% 77.87% 75.06% 100.00% 78.38% 68.77% 36.24% 12.01% 14.46% 21.58% 

Day 27 28.98% 65.61% 66.94% 78.38% 100.00% 80.56% 36.80% 16.18% 17.29% 39.08% 

Day 26 21.55% 49.47% 45.78% 68.77% 80.56% 100.00% 61.55% 28.28% 32.81% 28.21% 

Day 25 16.51% 35.21% 31.48% 36.24% 36.80% 61.55% 100.00% 58.33% 71.82% 14.40% 

Day 24 31.76% 19.75% 20.17% 12.01% 16.18% 28.28% 58.33% 100.00% 91.09% 27.32% 

Day 23 22.68% 21.63% 23.61% 14.46% 17.29% 32.81% 71.82% 91.09% 100.00% 18.60% 

Ladder 2 78.69% 10.12% 13.73% 21.58% 39.08% 28.21% 14.40% 27.32% 18.60% 100.00% 

Day 22 37.15% 25.92% 27.69% 18.77% 22.12% 32.33% 62.02% 93.03% 92.33% 30.51% 

Day 20 34.72% 20.57% 20.64% 20.57% 25.06% 36.40% 62.07% 87.44% 81.20% 27.14% 

Day 18 43.07% 23.59% 22.26% 27.40% 25.53% 36.89% 60.99% 79.09% 72.71% 37.62% 

Day 16 37.90% 23.10% 20.52% 26.36% 23.60% 29.91% 50.01% 61.47% 63.32% 33.27% 

Day 14 33.36% 22.70% 20.69% 26.71% 20.44% 25.96% 43.33% 52.09% 53.69% 34.07% 

Day 12 44.30% 21.18% 20.78% 27.95% 28.70% 30.20% 47.05% 55.96% 54.42% 50.91% 

Day 6 15.45% 22.00% 26.30% 17.06% 18.19% 33.76% 56.14% 61.53% 60.30% 30.73% 

Day 0 25.99% 44.96% 36.85% 59.45% 44.67% 62.60% 32.32% 6.09% 4.30% 26.40% 

Inoculum 15.16% 33.06% 27.68% 32.88% 17.34% 13.70% 17.72% 21.50% 22.75% 13.34% 

Ladder 3 67.15% 15.40% 16.98% 26.18% 39.31% 27.98% 12.26% 12.99% 13.16% 76.30% 

           
A) cont. Day 22 Day 20 Day 18 Day 16 Day 14 Day 12 Day 6 Day 0 Inoculum Ladder 3 

Ladder 1 37.15% 34.72% 43.07% 37.90% 33.36% 44.30% 15.45% 25.99% 15.16% 67.15% 

Day 30 25.92% 20.57% 23.59% 23.10% 22.70% 21.18% 22.00% 44.96% 33.06% 15.40% 

Day 29 27.69% 20.64% 22.26% 20.52% 20.69% 20.78% 26.30% 36.85% 27.68% 16.98% 

Day 28 18.77% 20.57% 27.40% 26.36% 26.71% 27.95% 17.06% 59.45% 32.88% 26.18% 

Day 27 22.12% 25.06% 25.53% 23.60% 20.44% 28.70% 18.19% 44.67% 17.34% 39.31% 

Day 26 32.33% 36.40% 36.89% 29.91% 25.96% 30.20% 33.76% 62.60% 13.70% 27.98% 

Day 25 62.02% 62.07% 60.99% 50.01% 43.33% 47.05% 56.14% 32.32% 17.72% 12.26% 

Day 24 93.03% 87.44% 79.09% 61.47% 52.09% 55.96% 61.53% 6.09% 21.50% 12.99% 

Day 23 92.33% 81.20% 72.71% 63.32% 53.69% 54.42% 60.30% 4.30% 22.75% 13.16% 

Ladder 2 30.51% 27.14% 37.62% 33.27% 34.07% 50.91% 30.73% 26.40% 13.34% 76.30% 

Day 22 100.00% 88.81% 80.78% 61.19% 51.95% 56.91% 60.43% 9.29% 28.10% 22.24% 

Day 20 88.81% 100.00% 91.25% 70.01% 62.04% 64.86% 58.77% 10.12% 21.24% 22.05% 

Day 18 80.78% 91.25% 100.00% 81.19% 72.64% 75.81% 66.82% 12.62% 22.90% 25.24% 

Day 16 61.19% 70.01% 81.19% 100.00% 96.11% 89.52% 58.65% 10.66% 23.65% 23.20% 

Day 14 51.95% 62.04% 72.64% 96.11% 100.00% 90.67% 53.95% 11.11% 18.42% 23.87% 

Day 12 56.91% 64.86% 75.81% 89.52% 90.67% 100.00% 64.44% 22.19% 21.78% 38.13% 

Day 6 60.43% 58.77% 66.82% 58.65% 53.95% 64.44% 100.00% 24.91% 17.61% 11.34% 

Day 0 9.29% 10.12% 12.62% 10.66% 11.11% 22.19% 24.91% 100.00% 31.22% 26.42% 

Inoculum 28.10% 21.24% 22.90% 23.65% 18.42% 21.78% 17.61% 31.22% 100.00% 15.96% 

Ladder 3 22.24% 22.05% 25.24% 23.20% 23.87% 38.13% 11.34% 26.42% 15.96% 100.00% 
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Table A.22 cont.: Similarity matrices for the chemostat runs from Days 0-30: (A) NT (previous 

page) and (B) ASD. %SI (similarity indices) were generated by moving window correlation 

analysis, and represent the percent similarity between two samples. Vancomycin was begun after 

sampling on Day 24. %SI of the ladders were outlined for reference. 

B) Ladder 1 Day 30 Day 29 Day 28 Day 27 Day 26 Day 25 Day 24 Day 23 Day 22 

Ladder 1 100.00% 12.30% 15.98% 20.63% 15.07% 13.31% 0.00% 9.34% 11.30% 10.99% 

Day 30 12.30% 100.00% 94.07% 72.52% 72.63% 70.79% 37.02% 26.54% 29.29% 32.07% 

Day 29 15.98% 94.07% 100.00% 70.73% 74.67% 76.13% 34.62% 22.61% 25.32% 27.97% 

Day 28 20.63% 72.52% 70.73% 100.00% 90.39% 84.53% 17.07% 8.29% 6.32% 5.86% 

Day 27 15.07% 72.63% 74.67% 90.39% 100.00% 97.48% 23.84% 19.82% 17.82% 17.20% 

Day 26 13.31% 70.79% 76.13% 84.53% 97.48% 100.00% 34.98% 28.89% 26.77% 26.20% 

Day 25 0.00% 37.02% 34.62% 17.07% 23.84% 34.98% 100.00% 74.34% 73.09% 71.53% 

Day 24 9.34% 26.54% 22.61% 8.29% 19.82% 28.89% 74.34% 100.00% 98.02% 94.97% 

Day 23 11.30% 29.29% 25.32% 6.32% 17.82% 26.77% 73.09% 98.02% 100.00% 98.14% 

Day 22 10.99% 32.07% 27.97% 5.86% 17.20% 26.20% 71.53% 94.97% 98.14% 100.00% 

Ladder 2 69.78% 18.84% 23.78% 30.26% 23.32% 21.57% 0.54% 10.86% 13.32% 14.64% 

Day 20 7.90% 34.18% 30.99% 7.19% 14.26% 23.08% 69.03% 89.33% 94.11% 96.92% 

Day 18 5.29% 32.23% 28.99% 8.97% 15.93% 25.28% 68.07% 86.71% 91.90% 94.71% 

Day 16 8.13% 32.12% 29.38% 11.99% 15.96% 24.99% 68.62% 87.71% 93.11% 95.20% 

Day 14 8.63% 32.43% 29.87% 14.27% 16.19% 24.91% 68.25% 86.04% 91.72% 93.96% 

Day 12 13.56% 31.33% 26.82% 15.89% 15.42% 23.59% 64.14% 83.35% 88.53% 89.47% 

Day 6 4.55% 33.54% 29.14% 14.14% 15.07% 22.27% 54.55% 81.20% 82.85% 82.70% 

Day 0 14.79% 43.37% 34.57% 44.20% 41.69% 33.50% 17.80% 13.95% 19.47% 17.62% 

Inoculum 1.03% 16.83% 17.56% 21.50% 25.25% 24.29% 24.48% 24.63% 29.91% 28.24% 

Ladder 3 67.37% 12.02% 16.60% 21.96% 12.52% 11.14% 0.00% 7.90% 9.18% 8.96% 

           
B) cont. Ladder 2 Day 20 Day 18 Day 16 Day 14 Day 12 Day 6 Day 0 Inoculum Ladder 3 

Ladder 1 69.78% 7.90% 5.29% 8.13% 8.63% 13.56% 4.55% 14.79% 1.03% 67.37% 

Day 30 18.84% 34.18% 32.23% 32.12% 32.43% 31.33% 33.54% 43.37% 16.83% 12.02% 

Day 29 23.78% 30.99% 28.99% 29.38% 29.87% 26.82% 29.14% 34.57% 17.56% 16.60% 

Day 28 30.26% 7.19% 8.97% 11.99% 14.27% 15.89% 14.14% 44.20% 21.50% 21.96% 

Day 27 23.32% 14.26% 15.93% 15.96% 16.19% 15.42% 15.07% 41.69% 25.25% 12.52% 

Day 26 21.57% 23.08% 25.28% 24.99% 24.91% 23.59% 22.27% 33.50% 24.29% 11.14% 

Day 25 0.54% 69.03% 68.07% 68.62% 68.25% 64.14% 54.55% 17.80% 24.48% 0.00% 

Day 24 10.86% 89.33% 86.71% 87.71% 86.04% 83.35% 81.20% 13.95% 24.63% 7.90% 

Day 23 13.32% 94.11% 91.90% 93.11% 91.72% 88.53% 82.85% 19.47% 29.91% 9.18% 

Day 22 14.64% 96.92% 94.71% 95.20% 93.96% 89.47% 82.70% 17.62% 28.24% 8.96% 

Ladder 2 100.00% 13.46% 11.57% 12.94% 14.02% 17.66% 10.07% 19.28% 3.36% 60.60% 

Day 20 13.46% 100.00% 98.44% 97.24% 95.63% 91.92% 83.92% 18.53% 28.97% 6.03% 

Day 18 11.57% 98.44% 100.00% 98.50% 96.96% 93.69% 85.81% 19.57% 30.65% 3.64% 

Day 16 12.94% 97.24% 98.50% 100.00% 98.78% 95.47% 87.11% 21.41% 32.40% 6.64% 

Day 14 14.02% 95.63% 96.96% 98.78% 100.00% 96.18% 86.16% 22.10% 33.57% 7.37% 

Day 12 17.66% 91.92% 93.69% 95.47% 96.18% 100.00% 89.84% 21.16% 32.46% 12.33% 

Day 6 10.07% 83.92% 85.81% 87.11% 86.16% 89.84% 100.00% 15.12% 26.43% 4.47% 

Day 0 19.28% 18.53% 19.57% 21.41% 22.10% 21.16% 15.12% 100.00% 41.22% 17.30% 

Inoculum 3.36% 28.97% 30.65% 32.40% 33.57% 32.46% 26.43% 41.22% 100.00% 1.56% 

Ladder 3 60.60% 6.03% 3.64% 6.64% 7.37% 12.33% 4.47% 17.30% 1.56% 100.00% 
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Figure A.23: Dendrograms depicting linear similarity between community DNA samples 

from the NT and ASD chemostat runs. Only days that clustered are highlighted. 
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Figure A.24: Heat map comparison of the metabolite profile between the chemostat effluent 

MCFs from the ASD (participant B) and NT (participant N) donors. Day 0 is pre-vancomycin 

(VA). Days 1-6 were all administered VA at 500 mg/day. Concentration bins were separated 

into panels A-D: (A) Mean concentration > 10 mM; (B) 1 mM < mean concentration < 10 

mM; (C) 0.1 mM < mean concentration < 1 mM; (D) 0 mM < mean concentration < 0.1 mM. 



 

151 

 

 

 

 
  

Figure A.25: Unsuccessful cytokine assays. Concentrations (pg/mL) of cytokines detected by 

ELISA when treated with 0.1 mg/mL DCA, 0.1 mg/mL LPS, 0.1 mL/mL PBS, 0.1 mL/mL 

H2O, 0.2 mL/mL ASD fecal water MCF, and 0.2 mL/mL NT fecal water MCF. The cytokines 

measured were (A) IL-6, (B) TNF-α, and (C) TGF-β. 
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Table A.26: Individual concentration of IL-8 (pg/mL) detected in Caco-2 cells treated with fecal 

water MCF for 24 hours at 0.2 mL/mL concentration. Controls used: 0.1 mg/mL DCA, 0.1 mg/mL 

LPS, 0.1 mL/mL PBS, 0.1 mL/mL H2O. 

 

 

Average 

Concentration (pg/mL) 

Standard 

Deviation (pg/mL) 

 

NT MCFs 

69.26* 13.54 

 15.73 1.37 

 3.10 1.30 

 10.44 2.48 

 -0.71 1.42 

 11.34 4.51 

 14.42 5.59 

 28.98 5.65 

 1.49 2.12 

 3.24 1.41 

 11.27 6.37 

 14.36 4.69 

 6.32 1.27 

 

ASD MCFs 

43.63 5.02 

 49.15 8.61 

 42.04 8.71 

 48.32 16.04 

 40.21 5.27 

 25.75 12.16 

 20.48 14.11 

 11.19 5.92 

 4.83 2.11 

 14.67 8.45 

 39.37 11.47 

 12.44 1.13 

 6.98 0.80 

 4.64 3.73 

 9.91 4.27 

 -0.29 0.93 

 H2O 7.86 1.60 

 PBS 5.59 2.70 

 DCA 50.24 17.36 

 LPS 33.93 6.45 

 * Statistical outlier (outside outer fence) 

 


