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Abstract and Introduction 

Abstract 

Clostridium difficile infection is increasingly common with a high risk of recurrence despite antibiotic 

treatment. In cases of recurrent C. difficile infection, fecal microbiota transplant (FMT) is a highly 

effective treatment option promoting the restoration of normal gut microbiota. Furthermore, 

preliminary uncontrolled evidence demonstrates possible benefit of FMT in the management of some 

cases of inflammatory bowel disease and chronic constipation. In addition to presenting an overview of 

FMT, we discuss the role of probiotics, a more common approach to modifying the intestinal 

microbiome. Probiotics have been utilized broadly for many disease processes, including 

gastrointestinal, cardiovascular and allergic disease settings, although with limited and inconsistent 

results. Multiple potential areas for research are also identified. 

Introduction 

Clostridium difficile infection (CDI), traditionally a nosocomial, antibiotic-associated, toxin-mediated 

diarrheal disease, has become increasingly common.[1] With the emergence of a hypervirulent strain 

(BI/NAP1/027), cases have been more severe with longer hospitalizations, increased numbers 

of colectomies and a significant rise in healthcare costs.[2] A 2008 study showed a CDI prevalence rate 

of 13.1 out of 1000 inpatients.[2,3] Additionally, there have been community-acquired cases of CDI in 

overall healthy adults without prior antibiotic exposure. Although in most cases, CDI is adequately 

treated with antibiotics, up to 30% of patients develop recurrent CDI, which is associated with significant 

morbidity and mortality.[4] 

The hypothesis for the underlying etiology of severe CDI is disruption in gut microbiota.[4] The 

intestinal microbiome makes up a complex interdependent ecosystem responsible for food digestion, 

immune system activation, vitamin production and protection from invasive nonindigenous bacteria, 

which is known as colonization resistance.[5] 

Despite antibiotic regimens incorporating pulsed oral vancomycin, fidaxomicin, rifaximin and probiotics 

for the treatment of recurrent CDI, it is not uncommon for patients to have CDI recurrence, possibly due 

to persistent spores despite initial elimination of the C. difficile bacteria. Although historically performed 

without a clear evidence base, multiple studies now demonstrate a role for fecal microbiota transplant 

(FMT) as a means to restore healthy gut bacteria.[6,7] 

Fecal Microbiota Transplant 



The earliest reports of FMT come from the Dong-Jin dynasty in 4th century China. Patients with food 

poisoning or severe diarrhea were given human feces by mouth with report of positive results, although 

the details of this intervention are unknown.[8] FMT has subsequently been described during the 16th 

century Ming dynasty and in 17th century veterinary medicine by Fabricius Acquapendente, an Italian 

anatomist.[8,9] Although first reported in US literature by Eiseman in the 1950s for treatment of 

patients with pseudomembranous colitis, FMT has became more common practice with numerous case 

reports and case series highlighting its effectiveness.[10,11] 

Rather than eradicating the pathogen as has traditionally been the focus of antibiotic treatment, the 

goal of FMT is to re-establish the diverse normal microbiome within the large intestine. Multiple studies 

analyzing the intestinal microbiota of healthy people, CDI patients and recurrent CDI patients have 

demonstrated significant differences.[12,13] Although healthy individuals are colonized with many 

bacteria including a predominance of bacteroidetes and firmicutes, CDI patients harbor less or none of 

these bacteria and have decreased microbiome bacterial diversity overall.[12–14] Instead, recurrent CDI 

patients have high levels of proteobacteria and verrucomicrobia.[13] These findings support the 

hypothesis that CDI results from altered intestinal microbiota, which FMT restores. FMT repopulates 

bacteria relatively quickly and the effect persists. Khoruts assessed the intestinal microbiome of CDI 

patients pre- and post-FMT.[12] Two weeks following transplant, and persisting out to 33 days, the 

recipient's microbiota was similar to that of the donor stool with a dominance of Bacteroides sp. A long-

term follow-up study describes patients who are disease-free up to 68 months following FMT.[11] 

Success of FMT 

FMT is viewed as a success or 'cure' if the patient does not have a CDI recurrence within 8 weeks.[4] 

Multiple studies and subsequent systematic reviews have described high levels of success with FMT for 

the treatment of recurrent CDI.[10,11,14–29] 

In the only long-term follow-up study to date, 77 patients were treated with colonoscopic fecal 

transplant for recurrent CDI at five different medical centers.[11,16,24] Although there were variations 

in transplant protocols between hospitals (e.g., infusate volume, location of infusate delivery and donor 

exclusion criteria), long-term follow-up (>3 months) demonstrated that 91% of patients had primary 

cure (diarrhea resolution within 90 days following FMT) and 98% of patients were secondarily cured 

after additional FMT, probiotics or antibiotics. Qualitative assessment showed improvement in diarrheal 

symptoms and abdominal pain.[11] A systematic review of seven studies showed an 83% success rate 

after one infusion, although it included stool delivered via colonoscopy or nasogastric tube (NGT) or 

retention enema, which may not be equal in terms of efficacy.[30] Another study similarly found cure 

rates of 92% after a single treatment in patients with refractory CDI.[9] 

Despite a multitude of case reports and low scale cross-sectional studies, there has been only one 

randomized, controlled trial with adequate comparison groups to evaluate FMT in recurrent CDI. 

Van Nood assigned recurring CDI patients (n = 43) to one of the three groups: vancomycin 

only; vancomycin with colonic lavage; or vancomycin, colonic lavage and stool transplant 

via nasoduodenal tube.[29] Due to an overall success rate of 93.8% in patients receiving donor feces 



infusion (p < 0.001), the study was terminated early. Of note, two patients required a second infusion 

and one patient remained symptomatic despite two infusions. The recipients' (n = 9) 

intestinal microbiome showed a restoration of bacteroidetes post-FMT.[29] 

Donor Selection & FMT Process Overview 

An effective stool donor can be a spouse, close relative or healthy unrelated donor. Studies have shown 

slightly better resolution of symptoms in FMT recipients who receive transplanted stool from intimately- 

or genetically related donors (93.3%) compared to healthy unrelated donors (84%).[31] Donors must 

also be screened for blood-borne and enteric infectious diseases.[26,32] 

The procedure for donor stool preparation and transplantation has been extensively described in 

multiple reviews with varying protocols depending on the route of transplant and volume 

infused.[5,6,9,23,33] One review suggests a larger volume of infused stool promotes CDI resolution. 

When patients were administered >500 ml of stool, 97% had resolution, whereas only 80% improved 

with <200 ml of stool.[31] Although informative, various protocols may have utilized differing amounts 

of stool in making a stool dilution; thus, these results are more challenging to interpret. Nonetheless, 

patients who received <50 g of stool had a fourfold greater risk of CDI recurrence.[31] 

Mode of Transplant Delivery 

Nasogastric Tube 

NGT or endoscopic administration may be technically easier to perform, requires less patient 

preparation and is less costly compared to other modalities.[15,21] There are concerns, however, that 

adequate amounts of viable bacteria may not reach the colon.[26] 

A retrospective study reviewing the medical records of 18 patients with recurrent CDI who had received 

stool by NGT demonstrated a 94% cure rate for 16 patients following transplantation; most were treated 

in the outpatient gastroenterology clinic setting. Two hospitalized patients who were severely 

debilitated died following transplantation; a third patient had CDI recurrence within 90 days.[15] In 

another study, 15 patients with recurrent CDI were treated with FMT via NGT and 11 of 15 patients 

were cured (73%).[21] The randomized controlled trial mentioned modified this approach by 

administering FMT via nasoduodenal tube with a success rate of 93.8% as described above.[29] 

Colonoscopy 

Colonoscopic FMT has become increasingly common with multiple studies demonstrating high success 

rates.[16,17,20,23,24,26] Several studies have included colonic lavage prior to transplant as part of 

the FMT protocol. It is hypothesized that lavage may reduce colonic biomass, fostering restoration by 

transplanted bacteria.[26] 

Infusion via colonoscopy offers the ability to deliver larger volumes of donor stool to the proximal colon, 

including into the terminal ileum, and allows the endoscopist to visualize the entire colon with an 

opportunity to obtain biopsies if needed. Additionally, sedation at the time of colonoscopy increases 



patient comfort. Risks of colonoscopy include sedation risk, bleeding, infection and colonic perforation, 

which is increased if the patient exhibits signs of toxic colitis.[4] 

Enema 

In the first English language report, Eiseman and colleagues used fecal retention enemas to treat four 

patients with pseudomembranous enterocolitis; all four patients had significant clinical 

improvement.[10] In small series, others have found similarly successful results and dramatic 

improvements in patient symptoms.[14,18,19,25,34,35] A recent study assessed 27 patients with either 

refractory or recurrent CDI treated with fecal retention enemas.[36] Following enema, 93% of patients 

had clinical resolution, most within the first 24 h following transplant. Compared with NGT and 

colonoscopy, enemas are less invasive, less expensive and pose fewer medical risks. 

Treatment with enemas may be difficult in those unable to retain the transplanted stool, particularly in 

elderly patients who have decreased sphincter tone.[36] Additionally, enemas do not reach proximal to 

the splenic flexure, limiting contact with the right and transverse colon, and sometimes require multiple 

infusions. 

Barriers & Risks of FMT 

For many symptomatic patients with recurrent CDI who have exhausted all alternative antibiotics, FMT 

is embraced. Although FMT does possess a 'yuck factor' or a 'lack of palatability,' patients are 

overcoming this, likely related to increased public discussions of FMT in mass media.[4,16,37] Studies 

focused on patient attitudes toward FMT have shown them to be very receptive. In a long-term follow-

up study, 53% of patients (n = 77) indicated that they would prefer FMT as first-line therapy if CDI were 

to recur, and among patients who already had FMT in the past, 97% would be willing to undergo 

another transplant if CDI recurred.[11] A broader survey demonstrated a strong willingness by patients 

(179 of 192) to undergo FMT for recurrent CDI, especially if a physician recommended it as treatment 

(94%). Responders preferred either the hospital setting (48%) or physician's office (39%) and identified 

the most unappealing aspects as handling stool and receiving FMT via NGT.[37] 

When considering risk, it is important to remember that FMT involves the infusion of a microbially active 

suspension. Despite this perceived risk, there has not been documentation of any direct and serious 

adverse effects of FMT.[11,38] Rare side effects include constipation, diarrhea, abdominal pain, belching 

and one case report each of gastrointestinal hemorrhage, peritonitis and pneumonia, with none being 

clearly and directly attributable to FMT.[15,29–31] The authors are aware of at least two cases 

of norovirus infection with the details to be published.[38] In contrast, a long-term study reported 

patient improvement in arthritis and allergic sinusitis, although there were new presentations of 

peripheral neuropathy, Sjogren's disease, idiopathic thrombocytopenic purpura and rheumatoid 

arthritis in four patients.[11] These newly presenting diseases have not been directly correlated to FMT 

and may have developed regardless of transplant. 

Alteration of the Microbiome Through FMT in Other Diseases 



Although the most common application for FMT has been in the setting of recurrent CDI, there is 

ongoing research to assess benefit in other gastrointestinal diseases. These include inflammatory bowel 

disease (IBD), irritable bowel syndrome (IBS) and chronic constipation. There are also isolated reports 

of FMT effects in nongastrointestinal disease, including multiple sclerosis and Parkinson's disease. The 

current areas of intestinal microbiome research are presented in . 

Box 1. Various diseases currently being evaluated through intestinal microbiome research†. 

Fecal microbiota transplant  

Gastrointestinal disease  

Recurrent Clostridium difficile infection 

Inflammatory bowel disease 

Irritable bowel syndrome and chronic constipation 

Neurological disease  

Multiple sclerosis 

Parkinson's disease 

Hematologic disease  

Immune thrombocytopenic purpura 

ProbioticsGastrointestinal disease  

Prevention and treatment of C. difficile infection 

Prevention of antibiotic-associated diarrhea 

Inflammatory bowel disease, specifically ulcerative colitis and pouchitis 

Irritable bowel syndrome 

Traveler's diarrhea 

Helicobacter pylori infection 

Acute pancreatitis‡ 

Hepatic encephalopathy 

Cardiovascular disease  



Atherosclerosis 

Hyperlipidemia 

Obesity and metabolic syndrome 

Diabetes mellitus 

Allergic disease  

Allergic rhinitis 

Dermatitis/eczema 

Oral disease  

Dental caries 

Gingivitis 

Periodontitis 

Halitosis 

Oral candidiasis 

Gynecological disease  

Bacterial vaginosis 

Vulvovaginal candidiasis 

Infectious disease  

Respiratory tract infections 

Ventilator-associated pneumonia 

HIV/AIDS 

Infectious mastitis 

Rheumatologic disease  

Spondyloarthritis 

Psychiatric disease  

Anxiety 



Depression 

†The effects of microbiome alteration have been studied in the context of the above diseases with 

varying results. This listing does not condone the use of FMT or probiotics in the prevention or 

treatment of any individual disease. 

‡Probiotics are advised against in the setting of acute pancreatitis. 

 

Inflammatory Bowel Disease 

IBD is a chronic inflammatory disease commonly composed of Crohn's disease (CD) and ulcerative colitis 

(UC). Although a clear etiology for IBD remains unknown, hypotheses include exposure to an 

unidentified infectious agent, genetic predisposition and/or an excessive mucosal immune response 

contributing to chronic inflammation and inevitable disruption of normal enteric microbiota.[9] 

FMT via retention enema was initially performed as a self-experiment by Bennet, who was afflicted with 

UC. He had successful alleviation of symptoms (bloody diarrhea, cramping, tenesmus, skin lesions and 

arthritis) that persisted for at least 6 months.[39] Also in 1989, Borody documented two patients, one 

with CD and the other with UC, who were treated with FMT via enemas. Both patients remained 

symptom free for at least 3 months following donor stool transplant.[40] More recently, Borody 

retrospectively reviewed the outcomes of FMT for six UC patients with severe disease for >5 years. 

These patients had previously been treated with steroids and anti-inflammatory agents, and then with 

donor stool retention enemas for 5 days followed by tapering off of all UC medications. All six patients 

experienced disease remission ranging from 1 to 13 years post-FMT.[41] 

With the ongoing work of the Human Microbiome Project, additional characterization of the 

intestinal microbiota in IBD patients is underway. A 2012 systematic review of existing research 

acknowledges a limited and weak evidence base, but highlights the potential for FMT to be a safe and 

effective IBD treatment.[42] Building on these initial studies by Bennet and Borody in UC patients, there 

are ongoing studies investigating FMT as treatment for this population on a larger scale. 

IBS & Chronic Constipation 

Few studies have evaluated the benefit of FMT on IBS and/or chronic constipation. One of the earliest 

reported case series included 55 patients with IBD and/or IBS treated with fecal retention enemas.[40] 

In this report, Borody describes 20 patients with 'cure' (as defined by improvement in bowel frequency, 

less need for laxatives, becoming pain free and resolution of diarrhea), 9 patients with improvement in 

symptoms (bowel habits and abdominal pain) and 26 patients with no response.[40] In a subsequent 

study, Andrews and Borody created a mixture of 18 different bacteria paralleling the normal 

colonic microbiota and infused this 'starter culture' into the cecum of IBS patients.[43] They report that 

76% of patients with severe chronic constipation benefitted without any further need for laxatives, with 

a 4–52 week follow-up period (mean of 21 weeks). Andrews presents a case report of a woman with 



chronic idiopathic constipation who had long-term resolution (at least 18 months) following retention 

enema with her husband's stool suggesting that there may be a role for FMT in constipation-

predominant IBS.[44] Despite these positive findings, additional studies are required to further evaluate 

the benefit of FMT in this population, particularly in the setting of a benign disease, whereby patients 

would be exposed to an invasive therapy with low, but nontrivial risk of complications. 

Neurological Disease 

There is limited information on the relationship between the gut microbiota and neurologic disease. 

Collins comments on the ability of the gut to influence the brain and behavior. There are weak 

associations between depression and carbohydrate malabsorption, varying levels of Clostridia in autistic 

patients and alterations in feeding in patients with chronic Helicobacter pylori infection.[45] 

There is one case series of FMT performed in three patients with 'atypical' multiple sclerosis.[46] One 

patient underwent five FMT infusions with resolution of constipation and remission of multiple sclerosis 

symptoms, regaining the ability to walk again after being wheelchair-bound. A second patient 

underwent 10 FMT infusions and also regained the ability to walk and experienced overall resolution of 

neurologic symptoms. The third patient was 80-years old and had resolution of both neurologic 

symptoms and constipation following five FMT infusions. Borody hypothesized that a gastrointestinal 

infection may be responsible for symptoms of multiple sclerosis in these patients and FMT resulted in 

restoration and/or alteration of microbiota contributing to resolution of clinical symptoms.[46] Similarly, 

it has been suggested that Parkinson's disease may be related to an intestinal pathogen that crosses the 

mucosal barrier of the gastrointestinal system via enteric neurons, thereby entering the central nervous 

system.[47] Borody has performed similar FMT infusions on patients with Parkinson's disease, also with 

positive results, although the details have not been published.[48] 

Alteration of the Microbiome Through Probiotics 

In addition to CDI, researchers have postulated associations between alteration of gut microbiota and 

other diseases ranging from gastrointestinal (e.g., IBD and IBS) to extraintestinal (e.g., cardiovascular 

and allergic).[2,49] Established by Metchnikoff in the early 1900s who reported increased longevity and 

improvement in personal health when consuming fermented milk, this became the basis for 

probiotics.[2] Although FMT is the 'ultimate probiotic,' live bacterial cultures consumed orally in the 

form of yogurt or capsules have been more common. 

Clostridium difficile Infection 

Multiple probiotic regimens have been studied independently and in combination. These have 

included Saccharomyces boulardii, Streptococcus thermophilus, Lactobacillus rhamnosus, L. plantarum, 

L. casei, L. bulgaricus and L. acidophilus.[7,50–53] 

Of the various probiotics combinations, few have shown significant efficacy in primary or secondary 

prevention of CDI. A recent review of randomized controlled trials (n = 11) of probiotics for primary CDI 

or antibiotic-associated diarrhea prevention revealed only two studies with significant results, one using 



a combination of L. bulgaricus, L. casei and S. thermophilus and the other using a combination of L. 

acidophilus and L. casei.[51,54,55] These data suggest that a multistrain probiotic may be required to 

achieve significant results. The latter study additionally found that higher doses of probiotics resulted in 

significantly less antibiotic-associated diarrhea compared with lower doses.[54] This finding is not 

surprising as the amount of bacteria present in oral probiotic is generally four-times less than the total 

gut bacteria, and it is not known how much of these bacteria survive the acidic gastric environment as 

they are transported to the colon.[56] 

For prevention of CDI after one or more recurrence, S. boulardii has shown some benefit, particularly in 

combination with high-dose vancomycin. Only 17% of patients had CDI recurrence, compared with 50% 

in the placebo group who received high-dose vancomycin alone (p = 0.05).[52]In vitroS. boulardii has the 

ability to produce a protease capable of inactivating C. difficile toxin receptors. 

Additional studies have suggested that probiotic bacteria rarely survive in the colon beyond 14 days 

when the patient ceases consumption of the agent.[57,58] This is in comparison to transplanted donor 

bacteria that appears to persist >24 weeks suggesting a significant change in the baseline gut 

microbiota.[57] 

Given the above findings, the Infectious Diseases Society of America and the Society for Healthcare 

Epidemiology of America do not recommend probiotics for secondary prevention of CDI in their 2010 

updated practice guidelines for management of CDI.[59] More recent systematic reviews have 

demonstrated at least moderate benefit with probiotic prophylaxis in preventing CDI, but there remains 

no clear role for probiotics in the treatment of CDI.[53,60] 

Inflammatory Bowel Disease 

Probiotics have been studied in IBD patients with variable clinical success. The results have been 

disappointing in CD, with no significant effects found across multiple studies.[61] Probiotics as 

treatment for UC, however, have shown promising results, both with induction and maintenance of 

remission. UC patients with mild-to-moderate disease (n = 90) had significantly decreased symptoms 

(e.g., reduced bowel frequency) and improved colon endoscopic appearance when administered VSL#3, 

a mixture of probiotic bacteria, in addition to balsalazide (p < 0.01).[62] When probiotic enemas of 

Escherichia coli Nissle 1917 were given, there was a dose-dependent remission of UC.[63] A more recent 

study reported that VSL#3 added to immunosuppressants (azathioprine, 6-mercaptopurine and 

methotrexate) and/or 5-aminosalicylic acid significantly (63.1% versus 40.8%, p = 0.01) lowered the UC 

disease activity index (UCDAI), a composite score assessing rectal bleeding, stool frequency, mucosal 

appearance and a physician rating of disease activity. The study did not find that probiotics significantly 

induced UC remission, although it may have been underpowered to achieve this.[64] Additional studies 

similarly found VSL#3-induced remission with decreases in UCDAI and individual symptoms.[65] In 

pediatric UC patients (n = 29), VSL#3 not only induced remission (92.8% in the intervention group 

compared with 36.4% in the placebo group, p < 0.001), but also promoted maintenance of remission 

with 21.4% of children treated with probiotics having recurrence within 1 year compared with a 



recurrence rate of 73.3% in the placebo group (p = 0.014). Probiotics were given in addition to steroid 

induction and mesalamine maintenance.[66] 

Some of the strongest evidence for probiotic therapy is in both the prevention of a first episode and 

treatment of pouchitis.[61,67] In patients with severe IBD requiring colectomy, an ileal pouch may be 

created and attached to the anus, known as an ileal pouch–anal anastomosis (IPAA). This pouch may 

become inflamed, possibly due to bacterial overgrowth. Treatment with VSL#3 in patients (n = 40) 

with IPAA demonstrated significantly increased (p < 0.05) duration of pouchitis remission compared with 

placebo groups.[68] The same probiotics were effective in prevention of pouchitis flare-ups (n = 40, p < 

0.001).[69] 

Irritable Bowel Syndrome 

Although it is unclear how much microbiota disruption occurs with IBS, multiple studies have 

demonstrated some benefit with the use of probiotics, although the response appears to be variable 

depending on the bacterial strain and dose prescribed.[9,70–74] This has been an extensive area of 

research, yet questions still remain as to the most effective probiotic in the context of a common, but 

poorly understood disease process. Given that many patients present with IBS symptoms following 

acute gastrointestinal illness, it is suggested that microbiota disruption plays a role and therefore would 

be improved by probiotics.[57,75] Despite limitations in performing meta-analyses assessing over 20 

randomized controlled trials, each using varying probiotic strains, pediatric versus adult populations and 

differing outcome measures, there appears to be at least some overall benefit from probiotic 

supplementation in mitigating IBS symptoms.[75] 

A meta-analysis assessing 20 clinical trials found 65% of publications reported a decrease in global IBS 

symptoms, 80% reported a decrease in abdominal pain and fewer commented on bloating (50%), 

flatulence (40%) and stool frequency (25%).[71] The magnitude of global IBS symptom improvement 

was variable depending on the trial and is likely affected by individual study designs and inherent 

limitations. This meta-analysis concluded that probiotics are significantly protective in alleviating global 

IBS symptoms compared to placebo with a relative risk of 0.77 and a number needed to treat equal to 

7.3.[71] Moayyedi performed a systematic review of probiotics on decreasing IBS symptoms and 

reported a relative risk of 0.71 with a number needed to treat equal to four.[71,72] The fact that 

additional studies have shown no benefit, or in rare cases, worsening of symptoms with probiotics, 

further suggests a poor understanding of the underlying disease process, which is likely to 

be multifactorial in etiology. 

Other Gastrointestinal Diseases 

Additional studies have evaluated the potential benefit of probiotics in other gastrointestinal diseases, 

including traveler's diarrhea, H. pylori infection, acute pancreatitis and liver disease. 

With increased frequency of international travel, researchers have assessed the benefit of 

prophylactic probiotic therapy in the prevention of traveler's diarrhea. Although some studies have 

shown mild-to-moderate reductions in diarrhea, others have shown no clear benefit.[67,76] These 



equivocal findings may be related to specific probiotic strains and doses, but also may be affected by the 

destination country. 

As there are ongoing concerns of increased antibiotic resistance of H. pylori, researchers have been 

seeking alternative treatment options including probiotics. Despite some studies showing a decrease in 

urea levels on breath testing thought to be related to decreased bacterial load, gastric biopsies have not 

demonstrated disease eradication.[76,77] There may be some benefit, however, in alleviating symptoms 

associated with standard triple therapy. 

Fewer studies have evaluated the effects of probiotics on pancreatitis. Since many severe acute 

pancreatitis cases have infectious complications, there is concern for bacterial translocation in the 

setting of necrosis. A small-scale trial by Olah showed benefit of probiotics added to early enteral 

nutrition in decreasing pancreatic necrosis and abscesses.[78] Besselink performed the 

larger PROPATRIA trial, a randomized, multicenter study of 298 first-time acute pancreatitis patients 

randomly assigned to probiotic or placebo.[79] The results showed no reduction in infectious 

complications despite probiotic therapy.[80] More concerning, the authors found that subjects in 

the probiotic group not only had significantly increased bowel ischemia, but also significantly increased 

mortality rates with 24 deaths (16%) compared with nine deaths (6%) in the placebo group (p = 0.01). 

Although the explanation for these findings remains unclear, probiotics are strongly advised against in 

this population.[80] 

There are few studies assessing the potential benefit of probiotics in the setting of liver disease. Bajaj 

treated patients (n = 25) with minimal hepatic encephalopathy with a 60-day regimen of probiotic-

supplemented yogurt alone.[81] Patients in the yogurt group had reversal of their encephalopathy (71%) 

compared with 0% in the placebo group (no yogurt; p = 0.003). Despite this, only two patients in the 

placebo group went on to develop overt hepatic encephalopathy, so other factors may have contributed 

to reversal beyond probiotics alone in this small study. A randomized study by Liu assessed the 

intestinal microbiota of chronic liver disease patients (n = 81) following 14 days of probiotic-enhanced 

yogurt.[82] Overall, patients had decreased symptoms (i.e., abdominal distention, level of tiredness 

when performing daily activities) compared to the placebo group. 

Cardiovascular Disease 

Karlsson and colleagues draw a parallel between intestinal microbiota becoming pro-inflammatory 

resulting in increased mucosal permeability and the oxidative stress-induced subclinical inflammation 

that leads to chronic inflammation within arteries as seen in atherosclerosis.[83] Although difficult to 

prove, ongoing research suggests increased translocation of intestinal microbiota into the bloodstream 

through disruption of epithelial tight junctions. Karlsson performed a randomized controlled trial with 

16 male patients diagnosed with carotid wall atherosclerotic plaques. Nine patients were given a 4-week 

trial of a L. plantarum-fermented oat drink and seven patients were in the placebo arm (unfermented 

oat drink without L. plantarum). Study patients demonstrated increased intestinal microbiome diversity 

and lower concentrations of fecal carboxylic acids, specifically isovaleric (p = 0.006) and valeric (p = 

0.029) acid, surrogate markers for inflammatory disease. There were no significant changes in serum 



inflammatory markers (e.g., CRP, TNF-α and IL-6). Of note, the study did not assess progression of 

atherosclerosis or mortality.[83] 

Naruszewicz similarly gave 36 heavy smokers a L. plantarum drink for 6 weeks and found significant 

decreases in systolic blood pressure (p < 0.001), serum leptin (p < 0.001) and fibrinogen (p < 0.001).[84] 

The authors suggest that a combination of lipid peroxidase inhibition, propionic acid-related anti-

inflammatory effects and decreased leptin contribute to reduced insulin resistance in tissues.[84] 

Emerging research additionally suggests intestinal microbiota breakdown of lecithin, a common dietary 

phospholipid, results in production of trimethylamine-N-oxide), a pro-atherosclerotic metabolite which 

significantly increases cardiovascular risk, including death, nonfatal myocardial infarction and stroke.[85] 

Several studies have evaluated the benefit of probiotics on serum cholesterol levels. Although prior 

studies have shown mixed results, Ataie-Jafari found that patients consuming probiotic yogurt (with 

added L. acidophilus and Bifidobacterium lactis) compared with regular yogurt demonstrated 

significantly decreased total cholesterol levels (n = 14; p < 0.05).[86–91] Although this decrease may be 

a result of probiotics, Fabian found decreased serum cholesterol levels in the placebo group as well, 

suggesting that consumption of yogurt or milk may be a more significant factor.[92] Guo performed a 

systematic review of 13 randomized controlled trials pooling 485 patients and found significantly lower 

total cholesterol (95% CI: − 9.93 to −2.87) and low-density lipoprotein (95% CI: −7.91 to −1.90) among 

participants ingesting probiotic, but no significant change in high-density lipoprotein or triglyceride 

levels.[93] Ejtahed found similar reductions in serum cholesterol in diabetic patients 

consuming probiotic yogurt.[94] Although the mechanism is unclear, it is hypothesized that lactobacilli 

prevent the formation of micelles and produce bile salt hydrolases which help to breakdown conjugated 

bile acid salts.[93] 

In addition to diabetes and hyperlipidemia, obesity has also been associated with cardiovascular disease. 

Flint suggests a complex system of weight gain or weight loss depending on the composition of intestinal 

bacteria present and its role in energy expenditure.[95] Through increased energy recovery from dietary 

fiber breakdown, modifications in gut transit and production of metabolites promoting lipogenesis, 

there may be increased fat deposition. Alternatively, he proposes that intestinal bacteria may lead to 

inflammation, activation of host defense systems and creation of new intestinal tissue, all of which 

increase energy expenditure and therefore promote weight loss.[95] Although a specific bacteria 

modulating obesity has not been identified, murine studies show obese mice to have less bacteroidetes 

and more firmicutes compared to lean mice.[96] Similar results were found in obese humans. Following 

enrollment in a diet program, the quantity of bacteroidetes increased and Firmicutes decreased with 

overall maintenance of bacterial diversity.[97] Furthermore, this change was correlated with percentage 

of weight loss and not a reduction in caloric intake suggesting that firmicutes may play a significant role 

in energy extraction. Additional studies suggest a potential therapeutic target to Methanobrevibacter 

smithii, which has been linked to energy extraction from polysaccharides contributing to obesity.[96,98] 

Attempts at modifying obesity through probiotics have not demonstrated successful results thus far. The 

majority of studies have been in mouse models showing an ability to modify gut microbiota 

through probiotics with a potential to affect lipid metabolism, although direct effects on obesity in 



humans have not been demonstrated. Additionally, it is difficult to account for confounders including 

dietary habits, exercise, antibiotics and nutritional supplements.[99] Furthermore, gut microbiota in the 

early stages of life may play a role in future obesity. A study by Kalliomäki suggests that alteration in 

gut microbiota precedes obesity development.[100] Similarly, Luoto suggests that overweight mothers 

and those gaining excess weight during pregnancy may alter the microbiota composition of the maternal 

gut and therefore affect the inoculum that serves as the source of infant intestinal microbiota.[101] The 

administration of probiotics to mothers, however, did not appear to produce a significant effect in a 

child's weight, even at 10 years of age when the intervention and placebo groups diverged, but not 

significantly (p = 0.063). 

Larsen has characterized the intestinal microbiome of diabetic patients.[102] Stool studies indicate 

higher proportions of bacteroidetes and proteobacteria with reduced levels of firmicutes, although this 

finding contradicts similar microbiome testing in obese patients, which is often associated with 

diabetes.[97,102] Ejtahed has focused on the effects of probiotics in diabetic patients. It is proposed 

that oxidative stress contributes to the pathogenesis of diabetes progression and that probiotics, such as 

Lactobacillus, may possess antioxidant properties, including the ability to scavenge reactive oxygen 

species.[103] A double-blinded, randomized controlled trial of probiotic yogurt compared with 

conventional yogurt (n = 60) showed a significant decrease in both fasting blood glucose levels (p < 0.05) 

and hemoglobin A1c (p < 0.05) within the intervention group, although the study was of short duration 

(6 weeks) and did not have a control group without consumption of any yogurt.[103] 

Considering the risks of diabetes and metabolic syndrome on mortality and with an understanding that 

the proximal intestine is most responsible for carbohydrate and fat uptake, Vrieze hypothesized that if 

she replaced the intestinal microbiome in an obese patient with that of a lean donor, the recipient's 

metabolism may be affected, particularly by increasing insulin sensitivity.[104] Male obese patients 

were randomized to receive a duodenal infusion of lean donor feces (allogenic group, n = 9) or placebo 

infusion of their own feces (autologous group, n = 9). The allogenic group had significantly improved 

peripheral insulin sensitivities (p < 0.05) 6 weeks post-transplant in addition to increased microbiome 

diversity and increased butyrate-producing bacteria, particularly Roseburia intestinalis. The authors 

hypothesize a role for butyrate in modulating insulin sensitivity.[104] 

Allergic Disease 

It has been suggested that as daily living has become more hygienic with decreased microbial contact 

and an overall decreased stimulation of the immune system, including in the GI tract, there has been a 

reduction in microbial diversity and a predisposition toward allergy-prone immunity.[105,106] For this 

reason, it has been hypothesized that by enhancing the gut microbiome, there may be an effect on 

allergy-induced disease. 

Multiple studies have been performed with variable benefit of probiotics on allergic disease, although 

the results have been positive overall.[107] In a randomized clinical trial, Japanese researchers 

evaluated the benefit of two probiotics on the treatment of a locally common allergic rhinitis, known as 

Japanese cedar pollinosis. Forty-four patients were randomized to receive either daily milk fermented 



with Lactobacillus GG and Lactobacillus gasseri or placebo yogurt and their clinical symptoms were 

monitored over 10 weeks. Patients had overall improvement in nasal blockage symptoms after 9 weeks 

of treatment, but no significant change with regard to sneezing, rhinorrhea or itching, nor was there any 

change in serum IgE levels.[105] A similar study was performed in 44 children with allergies and/or 

asthma administered L. gasseri and L. coryniformis-fermented yogurt, and there was a significant 

decrease (p = 0.03) in plasma IgE.[106] Additional studies have shown similar results with significant 

decreases in total IgE and increases in regulatory T cells that are suspected to ultimately blunt allergic 

inflammation.[106,108,109] Unfortunately, long-term benefits of probiotics have not been 

demonstrated.[110,111] 

Similar studies have been performed in patients with atopic dermatitis (or eczema), an inflammatory 

dermatological disease. Probiotics are believed to reduce intestinal permeability, improve the gut 

immune system and limit inflammatory response through downregulation of cytokines.[112] Much of 

this research has been in children. Preschool children treated with an 8-week course of probiotics had 

their SCORAD index, a measure of rash spread and intensity, decrease by 33.7%.[113] On subgroup 

analysis, the authors found that children with higher serum IgE and eosinophil levels had increased 

benefit from treatment with probiotics. Similarly, a group of adult patients (n = 38) with atopic 

dermatitis treated with L. salivarius also had significant reduction in their SCORAD index (p < 

0.001).[114] Iemoli also finds significant decreases in the SCORAD index (p < 0.0001), in addition to 

reduced microbial translocation (p = 0.050) and immune activation (p < 0.001) in the probiotic group of 

adults with atopic dermatitis.[115] Probiotics have been shown to affect the immune system by 

decreasing the percentage of CD4+ and CD25+ T cells and increasing the percentage of CD8+ T cells, 

which supports an immunoregulatory role for probiotics in atopic dermatitis.[113] Although research is 

ongoing, some studies suggest that there may be a role for prophylactic pre- and post-natal probiotics in 

preventing eczema development in infants.[116,117] 

Other Diseases 

Probiotics have also been utilized in other nongastrointestinal applications with varying benefit. For 

example, there is strong evidence supporting the use of probiotics in children for the prevention of 

dental caries, although fewer studies support their use in periodontits, gingivitis, halitosis or oral 

candidiasis.[118–135] Similarly, multiple studies find benefit of intravaginal probiotics for the 

management of bacterial vaginosis, but the evidence is less strong for vulvovaginal candidiasis.[136–

141] Although few in number, several publications comment on the potential benefit of probiotics for 

the prophylaxis or treatment of infectious, rheumatologic and psychiatric diseases, all with limited 

success with the possible exception of upper respiratory tract infections, which has some promising 

findings.[142–155] The wide breadth of probiotics research is presented in . 

Box 1. Various diseases currently being evaluated through intestinal microbiome research†. 

Fecal microbiota transplant  



Gastrointestinal disease  

Recurrent Clostridium difficile infection 

Inflammatory bowel disease 

Irritable bowel syndrome and chronic constipation 

Neurological disease  

Multiple sclerosis 

Parkinson's disease 

Hematologic disease  

Immune thrombocytopenic purpura 

ProbioticsGastrointestinal disease  

Prevention and treatment of C. difficile infection 

Prevention of antibiotic-associated diarrhea 

Inflammatory bowel disease, specifically ulcerative colitis and pouchitis 

Irritable bowel syndrome 

Traveler's diarrhea 

Helicobacter pylori infection 

Acute pancreatitis‡ 

Hepatic encephalopathy 

Cardiovascular disease  

Atherosclerosis 

Hyperlipidemia 

Obesity and metabolic syndrome 

Diabetes mellitus 

Allergic disease  

Allergic rhinitis 



Dermatitis/eczema 

Oral disease  

Dental caries 

Gingivitis 

Periodontitis 

Halitosis 

Oral candidiasis 

Gynecological disease  

Bacterial vaginosis 

Vulvovaginal candidiasis 

Infectious disease  

Respiratory tract infections 

Ventilator-associated pneumonia 

HIV/AIDS 

Infectious mastitis 

Rheumatologic disease  

Spondyloarthritis 

Psychiatric disease  

Anxiety 

Depression 

†The effects of microbiome alteration have been studied in the context of the above diseases with 

varying results. This listing does not condone the use of FMT or probiotics in the prevention or 

treatment of any individual disease. 

‡Probiotics are advised against in the setting of acute pancreatitis. 

 

Conclusions 



This review describes two potential interventions – FMT and probiotics – aimed at restoring the normal 

gut flora. As the intestinal microbiome and its alteration is intricately linked with both gastrointestinal 

and nongastrointestinal disease processes, characterizing this association is critical. In many ways, FMT 

is the 'ultimate probiotic,' although as described above is significantly more invasive than oral intake of a 

daily probiotics capsule. For these reasons, directly comparing these two interventions is challenging. 

Although the aim of FMT and probiotics is similar, FMT has demonstrated significantly more success in 

the management of recurrent CDI and possibly IBD. The data for probiotics are less strong, likely due to 

a lower viable bacterial dose reaching the intestine in contrast to a direct deposit of multistrain stool to 

an FMT recipient. As research progresses and gut flora is further characterized in patients, a long-term 

goal would be to develop a true probiotic that matches the bacterial strains seen in FMT at the 

appropriate dose and reaching the targeted destination. Ideally, this noninvasive, more publically 

acceptable, effective treatment could then be applied to other gastrointestinal and nongastrointestinal 

diseases and evaluated with randomized controlled trials. 

There are multiple areas of potential research to further elaborate on the relationship 

between microbiome alteration and disease. In the setting of CDI, there is information lacking on the 

significance of gender, age, ethnicity and geographic location. For example, it is unknown if there are 

significant differences in the microbiome of an elderly, African-American woman from the USA 

compared with a middle-aged, Caucasian man in Europe compared with a young Chinese woman living 

in Asia. Furthermore, with increasing prevalence of community-acquired CDI, the microbiome of 

affected individuals living in the community is likely different from hospital-acquired cases. Specific to 

FMT, there is a need for additional randomized controlled trials, including as first-line therapy for CDI, as 

management for other gastrointestinal diseases, and as adjuvant therapy to other currently accepted 

treatments. Additionally, there are ongoing discussions about the potential benefit of frozen stool, 

synthetic stool and the utility of stool banks to ease the identification of stool donors. As we learn more 

about the relationship between gut flora and the immune system, it would also be beneficial to better 

understand immunoglobulin levels and other serum biomarkers pre- and post-FMT. As safety is 

paramount, there is a need for studies to examine the long-term risks and benefits of FMT and 

probiotics, including in immunocompromised hosts. On a broader, public health level, there is an 

opportunity to also discuss the impact on health policy (e.g., who should pay for donor screening costs) 

and regulatory impacts (e.g., what is the role of the Food and Drug Administration) on the interventions 

described above (). 

Box 2. Future research questions. 

Clostridium difficile infection  

Analysis of gender differences in CDI and recurrent CDI 

Evaluation of ethnic differences and geographic populations (USA versus Europe versus Asia) 

Analysis of aging effects on the microbiome 



Surveillance for increasing community-acquired strains of C. difficile 

Fecal microbiota transplant  

Donor stool acquisition and preparation  

Clinical efficacy of fresh versus frozen stool 

Development of synthetic stool 

Responsibility of identifying a donor: transplant recipient versus healthcare provider (i.e., establishing 

stool banks) 

Effectiveness  

Additional randomized controlled trials assessing colonoscopic FMT 

Clinical trials examining benefit of adjuvant therapies in combination with FMT (e.g., probiotics, 

monoclonal antibodies, antibiotics and vaccination) 

Clinical trials of FMT as first-line therapy for severe CDI cases 

Clinical trials evaluating FMT benefits in other diseases, including IBD and constipation-predominant IBS 

Analysis of host immune responses, including after treatment with FMT (i.e., alterations and 

sustainability of serum immunoglobulin levels) 

Health policy  

Responsibility for donor screening costs – donor vesus recipient 

Safety  

Long-term follow-up of patients post-FMT for monitoring of outcomes and safety 

Characterization of FMT risks in immunocompromised recipients 

ProbioticsAdditional analysis of most effective strains and adequate doses for the management of 

various diseases 

Characterization of the risks in immunocompromised hosts 

Consideration of FDA regulation given potential risks and benefits 

 

Expert Commentary 



Recurrent CDI is an excellent example of alteration of the microbiome, which leads to disease. The use 

of probiotics has had limited success in treatment of this illness. By contrast, FMT has been shown to be 

very effective and confirmed in one randomized controlled trial. The use of FMT requires regulation, and 

the FDA has recently announced that any practitioner must submit an Investigational New Drug 

application to perform it. FMT, which involves putting filtrate from a whole stool specimen from a 

healthy individual into the patient, is an effective but relatively crude way to treat this infection. 

Ultimately, we believe that researchers will identify the key important bacteria necessary to restore 

colonization resistance and they will become available for therapy. The role of the microbiome in 

the pathophysiology of and treatment of other diseases requires much further research and well-

designed controlled trials before any manipulation of the fecal microbiome can be considered in these 

diseases. 

Five-year View 

The underlying hypothesis that the microbiome impacts host health is important, and emerging data 

suggest that alteration either through FMT or probiotics can alter clinical disease. However, the 

treatment is fundamentally primitive in that it simply re-populates bacterial species. It does not alter the 

recipient interaction (e.g., inflammatory or regulatory immune responses) with the bacterial 

populations. The evolution of this field should optimize the mode and manner of delivery; and in 

addition, involve a further understanding of host response, including identifying patients who are at 

particularly increased risk for CDI or developing intestinal inflammation. Included in that analysis is 

examining differences in gender responses, ethnic and geographic populations, older individuals 

and immunocompromised patients. Pre-existing serum IgG responses to toxin A predicted response to 

immunization against C. difficile. Does FMT alter recipient serum IgG (or IgE or IgA) and does that effect 

persist and protect against recurrent disease? Do lower levels of serum IgG predict recurrent CDI? Is 

there a threshold above which IgG is protective? Immune responses to influenza vaccination decrease 

with age – are there similar decreases in mucosal responses to pathogens such as C. difficile? Would 

that result clinically in less or more severe colitis? In 5 years, we expect that the combination of 

standardizing optimal delivery and a deeper understanding of host immune responses will significantly 

move this field forward. 

Sidebar 

Key Issues 

Fecal microbiota transplant (administered via nasogastric tube, enema, colonoscopy) appears safe with 

the appropriate donor screening, with clinical efficacy approaching 95% for recurrent 

Clostridium difficile infection. 

Limited data suggest possible efficacy of fecal microbiota transplant for treatment of inflammatory 

bowel disease and constipation-predominant irritable bowel syndrome. 

For prevention of Clostridium difficile infection, some multistrain probiotics have demonstrated efficacy. 



Patients with mild-to-moderate ulcerative colitis and pouchitis demonstrated decreased symptoms 

when treated with probiotics (VSL#3) alone and in combination with anti-inflammatory or immune-

modulatory medications 

Treatment with probiotics has resulted in decreased global irritable bowel syndrome symptoms, 

reduced surrogate markers of inflammation, improved cholesterol levels and variable clinical effects on 

allergic diseases. 

Given the infectious risks, probiotics should be used cautiously, if at all, in immunosuppressed 

individuals 

References 

Surawicz CM, Brandt LJ, Binion DG et al. Guidelines for diagnosis, treatment, and prevention of 

Clostridium difficile infections. Am. J. Gastroenterol. 108(4), 478–98 (2013) 

** Current comprehensive Clostridium difficile infection (CDI) management guidelines. 

Borody TJ, Khoruts A. Fecal microbiota transplantation and emerging applications. Nat. Rev. 

Gastroenterol. Hepatol. 9, 88–96 (2012). 

Jarvis WR, Schlosser J, Jarvis AA, Chinn RY. National point prevalence of Clostridium difficile in US health 

care facility inpatients, 2008. Am. J. Infect.Control. 37(4), 263–270 (2009). 

Agito MD, Atreja A, Rizk MK. Fecal microbiota transplantation for recurrent C difficile infection: Ready 

for prime time? Cleve. Clin. J. Med. 80(2), 101–108 (2013). 

Bakken JS. Fecal bacteriotherapy for recurrent Clostridium difficile infection. Anaerobe 15(6), 285–289 

(2009). 

Bakken JS, Borody T, Brandt LJ et al. Treating Clostridium difficile infection with fecal microbiota 

transplantation. Clin.Gastroenterol. Hepatol. 9(12),1044–1049 (2011). 

Brandt LJ, Reddy SS. Fecal microbiota transplantation for recurrent Clostridiumdifficile infection. J. Clin. 

Gastroenterol. S159–S167 (2011). 

Zhang F, Luo W, Shi Y, Fan Z, Ji G. Should we standardize the 1,700-year-old fecal microbiota 

transplantation? Am. J.Gastroenterol. 1755, author reply 1755–1756 (2012). 

Borody TJ, Warren EF, Leis SM, Surace R, Ashman O, Siarakas S. Bacteriotherapy using fecal flora: toying 

with human motions. J. Clin. Gastroenterol. 38(6), 475–483 (2004). 

Eiseman B, Silen W, Bascom GS, Kauvar AJ. Fecal enema as an adjunct in the treatment 

of pseudomembranous enterocolitis. Surgery 44(5), 854–859 (1958). 

Brandt LJ, Aroniadis OC, Mellow M et al. Long-term follow-up of colonoscopic fecal microbiota 

transplant for recurrent Clostridium difficile infection. Am. J.Gastroenterol. 1079–1087 (2012). 



** Long-term, multi-center follow-up study of 77 patients treated with colonoscopic fecal microbiota 

transplant for recurrent CDI. 

Khoruts A, Dicksved J, Jansson JK, Sadowsky MJ. Changes in the composition of the human 

fecal microbiome after bacteriotherapy for recurrent Clostridiumdifficile-associated diarrhea. J. 

Clin.Gastroenterol. 44(5), 354–360 (2010). 

Chang JY, Antonopoulos DA, Kalra A et al. Decreased diversity of the fecal microbiome in recurrent 

Clostridium difficile-associated diarrhea. J. Infect. Dis. 197(3), 435–438 (2008). 

* Overview of changes in microbiome in recurrent CDI patients. 

Tvede M, Rask-Madsen J. Bacteriotherapy for chronic relapsing Clostridium difficile diarrhoea in six 

patients. Lancet 1(8648), 1156–1160 (1989). 

Aas J, Gessert CE, Bakken JS. Recurrent Clostridium difficile colitis: case series involving 18 patients 

treated with donor stool administered via a nasogastric tube. Clin. Infect. Dis. 36(5), 580–585 (2003). 

Yoon SS, Brandt LJ. Treatment of refractory/recurrent C. difficile-associated disease by donated stool 

transplanted via colonoscopy: a case series of 12 patients. J. Clin.Gastroenterol. 44(8), 562–566 (2010). 

Kelly CR, de Leon L, Jasutkar N. Fecal microbiota transplantation for relapsing Clostridium difficile 

infection in 26 patients: methodology and results. J. Clin.Gastroenterol. 46(2), 145–149 (2012). 

Bowden TA, Mansberger AR, Lykins LE. Pseudomembraneous enterocolitis: mechanism for restoring 

floral homeostasis. Am. Surg. 47(4), 178–183 (1981). 

Schwan A, Sjölin S, Trottestam U, Aronsson B. Relapsing Clostridium difficile enterocolitis cured by rectal 

infusion of normal faeces. Scand. J. Infect. Dis. 16(2), 211–215 (1984). 

Persky SE, Brandt LJ. Treatment of recurrent Clostridium difficile-associated diarrhea by administration 

of donated stool directly through a colonoscope. Am. J.Gastroenterol. 95(11), 3283–3285 (2000). 

MacConnachie AA, Fox R, Kennedy DR, Seaton RA. Faecal transplant for recurrent Clostridium difficile-

associated diarrhoea: a UK case series. QJM 102(11) 781–784 (2009). 

Garborg K, Waagsbo B, Stallemo A, Matre J, Sundoy A. Results of faecal donor instillation therapy for 

recurrent Clostridiumdifficile-associated diarrhoea. Scand. J. Infect.Dis. 42(11–12), 857–861 (2010). 

Mellow MH, Kanatzar A. Colonoscopic fecal bacteriotherapy in the treatment of recurrent 

Clostridium difficile infection – results and follow-up. J. Okla. State Med.Assoc. 104(3), 89–91 (2011). 

Rohlke F, Surawicz CM, Stollman N. Fecal flora reconstitution for recurrent Clostridiumdifficile infection: 

results and methodology. J. Clin. Gastroenterol. 44(8), 567–570 (2010). 

Silverman MS, Davis I, Pillai DR. Success of self-administered home fecal transplantation for 

chronic Clostridiumdifficile infection. Clin. Gastroenterol.Hepatol. 8(5), 471–473 (2010). 



Mattila E, Uusitalo-Seppala R, Wuorela M et al. Fecal transplantation, through colonoscopy, is effective 

therapy for recurrent Clostridium difficile infection. Gastroenterology 142(3), 490–496 (2012). 

Rubin TA, Gessert CE, Aas J, Bakken JS. Fecal microbiome transplantation for recurrent 

Clostridium difficile infection: Report on a case series. Anaerobe 19, 22–26 (2013). 

Hamilton MJ, Weingarden AR, Sadowsky MJ, Khoruts A. Standardized frozen preparation for 

transplantation of fecal microbiota for recurrent Clostridiumdifficile infection. Am. J. Gastroenterol. 

107(5), 761–767 (2012). 

van Nood E, Vrieze A, Nieuwdorp M et al. Duodenal infusion of donor feces for recurrent Clostridium 

difficile. N. Engl. J.Med. 368(5), 407–415 (2013). 

* Only randomized, controlled trial of fecal microbiota transplant in recurrent CDI patients 

Guo B, Harstall C, Louie T, Veldhuyzen van Zanten S, Dieleman LA. Systematic review: faecal 

transplantation for the treatment of Clostridiumdifficile-associated disease. Aliment.Pharmacol. Ther. 

35(8), 865–875 (2012). 

Gough E, Shaikh H, Manges AR. Systematic review of intestinal microbiota transplantation (fecal 

bacteriotherapy) for recurrent Clostridium difficile infection. Clin.Infect. Dis. 994–1002 (2011). 

Owens C, Broussard E, Surawicz C. Fecal Microbiota Transplantation and Donor Standardization. Trends 

Microbiol. (2013) (In Press). 

Kleger A, Schnell J, Essig A et al. Fecal Transplant in Refractory Clostridium difficile Colitis. Dtsch. Arztebl. 

Int. 110(7), 108–115 (2013). 

You DM, Franzos MA, Holman RP. Successful treatment of fulminant Clostridium difficile infection with 

fecal bacteriotherapy. Ann. Intern. Med. 148(8), 632–633 (2008). 

Fenton S, Stephenson D, Weder C. Pseudomembranous colitis associated with antibiotic therapy – an 

emerging entity. Can. Med. Assoc. J. 111(10), 1110–1111, 1114 (1974). 

Kassam Z, Hundal R, Marshall JK, Lee CH. Fecal transplant via retention enema for refractory or 

recurrent Clostridium difficile infection. Arch. Intern. Med. 172(2), 191–193 (2012). 

Zipursky JS, Sidorsky TI, Freedman CA, Sidorsky MN, Kirkland KB. Patient attitudes toward the use of 

fecal microbiota transplantation in the treatment of recurrent Clostridium difficile infection. Clin. 

Infect.Dis. 55(2), 1652–1658 (2012). 

Schwartz M et al. Am. J. Gastroenterol. (2013) (In Press). 

Bennet JD, Brinkman M. Treatment of ulcerative colitis by implantation of normal colonic flora. Lancet 

1(8630), 164 (1989). 

Borody TJ, George L, Andrews P et al. Bowel-flora alteration: a potential cure for inflammatory bowel 

disease and irritable bowel syndrome? Med. J. Aust. 150(10), 604 (1989). 



Borody TJ, Warren EF, Leis S, Surace R, Ashman O. Treatment of ulcerative colitis using fecal 

bacteriotherapy. J. Clin.Gastroenterol. 37(1), 42–47 (2003). 

Anderson JL, Edney RJ, Whelan K. Systematic review: faecal microbiota transplantation in the 

management of inflammatory bowel disease. Aliment.Pharmacol. Ther. 36(6), 503–516 (2012). 

Andrews PJ, Borody TJ. "Putting back the bugs": bacterial treatment relieves chronic constipation and 

symptoms of irritable bowel syndrome. Med. J. Aust. 159(9), 633–634 (1993). 

Andrews PJ, Barnes P, Borody TJ. Chronic constipation reversed by restoration of bowel flora. A case and 

a hypothesis. Eur. J.Gastroenterol. Hepatol. 4, 245–247 (1992). 

Collins SM, Bercik P. The relationship between intestinal microbiota and the central nervous system in 

normal gastrointestinal function and disease. Gastroenterology 136(6), 2003–2014 (2009). 

Borody TJ, Leis S, Campbell J, Torres M, Nowak A. Fecal microbiota transplantation (FMT) in multiple 

sclerosis (MS). Am. J.Gastroenterol. S352 (2011). 

Braak H, Rüb U, Gai WP, Del Tredici K. Idiopathic Parkinson's disease: possible routes by which 

vulnerable neuronal types may be subject to neuroinvasion by an unknown pathogen. J. Neural. Transm. 

110(5), 517–536 (2003). 

Ananthaswamy A. Faecal transplant eases symptoms of Parkinson's. N. Sci. (2011). 

Aroniadis OC, Brandt LJ. Fecal microbiota transplantation: past, present and future. Curr. Opin. 

Gastroenterol. 29(1), 79–84 (2013). 

Na X, Kelly C. Probiotics in Clostridiumdifficile Infection. J. Clin. Gastroenterol. 45, S154–S158 (2011). 

Johnson S, Maziade PJ, McFarland LV et al . Is primary prevention of Clostridiumdifficile infection 

possible with specific probiotics? Int. J. Infect. Dis. 16(11), e786–e792 (2012). 

Surawicz CM, McFarland LV, Greenberg RN et al. The search for a better treatment for recurrent 

Clostridium difficile disease: use of high-dose vancomycin combined with Saccharomyces boulardii. Clin. 

Infect. Dis. 31(4), 1012–1017 (2000). 

Hempel S, Newberry SJ, Maher AR et al. Probiotics for the prevention and treatment of antibiotic-

associated diarrhea: a systematic review and meta-analysis. JAMA 307(18), 1959–1969 (2012). 

Gao XW, Mubasher M, Fang CY, Reifer C, Miller LE. Dose-response efficacy of a proprietary probiotic 

formula of Lactobacillus acidophilus CL1285 and Lactobacillus casei LBC80R for antibiotic-associated 

diarrhea and Clostridium difficile-associated diarrhea prophylaxis in adult patients. Am. J.Gastroenterol. 

105(7), 1636–1641 (2010). 

Hickson M, D'Souza AL, Muthu N et al. Use of probiotic Lactobacillus preparation to prevent diarrhoea 

associated with antibiotics: randomised double blind placebo controlled trial. BMJ 335(7610), 80 (2007). 



Borody TJ, Campbell J. Fecal microbiota transplantation: current status and future directions. Expert. 

Rev. Gastroenterol.Hepatol. 5(6), 653–655 (2011). 

Grehan MJ, Borody TJ, Leis SM, Campbell J, Mitchell H, Wettstein A. Durable alteration of the 

colonic microbiota by the administration of donor fecal flora. J. Clin. Gastroenterol. 44(8), 551–561 

(2010). 

Tannock GW, Munro K, Harmsen HJ, Welling GW, Smart J, Gopal PK. Analysis of the fecal microflora of 

human subjects consuming a probiotic product containing Lactobacillus rhamnosus DR20. Appl.Environ. 

Microbiol. 66(6), 2578–2588 (2000). 

Cohen SH, Gerding DN, Johnson S et al. Clinical practice guidelines for Clostridiumdifficile infection in 

adults: 2010 update by the society for healthcare epidemiology of America (SHEA) and the infectious 

diseases society of America (IDSA). Infect. ControlHosp. Epidemiol. 31(5), 431–455 (2010). 

Johnston BC, Ma SS, Goldenberg JZ et al. Probiotics for the prevention of Clostridiumdifficile-associated 

diarrhea: a systematic review and meta-analysis. Ann. Intern. Med. 157(12), 878–888 (2012). 

Meijer BJ, Dieleman LA. Probiotics in the treatment of human inflammatory bowel diseases: update 

2011. J. Clin. Gastroenterol. 45(Suppl.) S139–S144 (2011). 

* Overview of probiotics studies in patients with CD, UC, and pouchitis. 

Tursi A, Brandimarte G, Giorgetti GM, Forti G, Modeo ME, Gigliobianco A. Low-dose balsalazide plus a 

high-potency probiotic preparation is more effective than balsalazide alone or mesalazine in the 

treatment of acute mild-to-moderate ulcerative colitis. Med. Sci. Monit. 10(11), PI126–PI131 (2004). 

Matthes H, Krummenerl T, Giensch M et al. Treatment of mild to moderate acute attacks of distal 

ulcerative colitis with rectally-administered E. coli Nissle 1917: dose-dependent efficacy. 

Gastroenterology 130, A–119 (2006). 

Tursi A, Brandimarte G, Papa A et al. Treatment of relapsing mild-to-moderate ulcerative colitis with 

the probiotic VSL#3 as adjunctive to a standard pharmaceutical treatment: a double-blind, randomized, 

placebo-controlled study. Am.J. Gastroenterol. 105(10), 2218–2227 (2010). 

Sood A, Midha V, Makharia GK et al. The probiotic preparation, VSL#3 induces remission in patients with 

mild-to-moderately active ulcerative colitis. Clin. Gastroenterol. Hepatol. 7(11), 1202–1209, (2009). 

Miele E, Pascarella F, Giannetti E, Quaglietta L, Baldassano RN, Staiano A. Effect of a probiotic 

preparation (VSL#3) on induction and maintenance of remission in children with ulcerative colitis. Am. 

J.Gastroenterol. 104(2), 437–443 (2009). 

Ritchie ML, Romanuk TN. A meta-analysis of probiotic efficacy for gastrointestinal diseases. PLoS ONE 

7(4), e34938 (2012). 

Gionchetti P, Rizzello F, Helwig U et al. Prophylaxis of pouchitis onset with probiotic therapy: a double-

blind, placebo-controlled trial. Gastroenterology 124(5), 1202–1209 (2003). 



Gionchetti P, Rizzello F, Venturi A et al. Oral bacteriotherapy as maintenance treatment in patients with 

chronic pouchitis: a double-blind, placebo-controlled trial. Gastroenterology 119(2), 305–309 (2000). 

Hamilton-Miller J. Probiotics in the management of irritable bowel syndrome: a review of clinical trials. 

Microb. Ecol.Health Dis. 13, 212–216 (2001). 

McFarland LV, Dublin S. Meta-analysis of probiotics for the treatment of irritable bowel syndrome. 

World J. Gastroenterol. 14(17), 2650–2661 (2008). 

Moayyedi P, Ford AC, Talley NJ et al. The efficacy of probiotics in the treatment of irritable bowel 

syndrome: a systematic review. Gut 59(3), 325–332 (2010). 

Whelan K, Quigley EM. Probiotics in the management of irritable bowel syndrome and inflammatory 

bowel disease. Curr.Opin. Gastroenterol. 29(2), 184–189 (2013). 

Ringel Y, Ringel-Kulka T. The rationale and clinical effectiveness of probiotics in irritable bowel 

syndrome. J. Clin.Gastroenterol. 45, S145–S148 (2011). 

Whelan K. Probiotics and prebiotics in the management of irritable bowel syndrome: a review of recent 

clinical trials and systematic reviews. Curr. Opin. Clin. Nutr.Metab. Care 14(6), 581–587 (2011). 

Huebner ES, Surawicz CM. Probiotics in the prevention and treatment of gastrointestinal infections. 

Gastroenterol.Clin. North. Am. 355–365 (2006). 

Canducci F, Cremonini F, Armuzzi A et al. Probiotics and Helicobacter pylori eradication. Dig. Liver. Dis. 

34(Suppl. 2), S81–S83 (2002). 

Oláh A, Belágyi T, Issekutz A, Gamal ME, Bengmark S. Randomized clinical trial of specific lactobacillus 

and fibre supplement to early enteral nutrition in patients with acute pancreatitis. Br. J. Surg. 89(9), 

1103–1107 (2002). 

Besselink MG, Timmerman HM, Buskens E et al. Probiotic prophylaxis in patients with predicted severe 

acute pancreatitis (PROPATRIA): design and rationale of a double-blind, placebo-controlled randomised 

multicenter trial [ISRCTN38327949]. BMC Surg. 4, 12 (2004). 

Besselink MG, van Santvoort HC, Buskens E et al. Probiotic prophylaxis in predicted severe acute 

pancreatitis: a randomised, double-blind, placebo-controlled trial. Lancet 371(9613), 651–659 (2008). 

Bajaj JS, Saeian K, Christensen KM et al. Probiotic yogurt for the treatment of minimal hepatic 

encephalopathy. Am. J.Gastroenterol. 103(7), 1707–1715 (2008). 

Liu JE, Zhang Y, Zhang J, Dong PL, Chen M, Duan ZP. Probiotic yogurt effects on intestinal flora of 

patients with chronic liver disease. Nurs. Res. 59(6), 426–432 (2010). 

Karlsson C, Ahrne S, Molin G et al. Probiotic therapy to men with incipient arteriosclerosis initiates 

increased bacterial diversity in colon: a randomized controlled trial. Atherosclerosis 208(1), 228–233 

(2010). 



Naruszewicz M, Johansson ML, Zapolska-Downar D, Bukowska H. Effect of Lactobacillus plantarum 299v 

on cardiovascular disease risk factors in smokers. Am. J. Clin. Nutr. 76(6), 1249–1255 (2002). 

Tang WH, Wang Z, Levison BS et al. Intestinal microbial metabolism of phosphatidylcholine and 

cardiovascular risk. N. Engl. J. Med. 368(17), 1575–1584 (2013). 

Ataie-Jafari A, Larijani B, Alavi Majd H, Tahbaz F. Cholesterol-lowering effect of probiotic yogurt in 

comparison with ordinary yogurt in mildly to moderately hypercholesterolemic subjects. Ann. 

Nutr.Metab. 54(1), 22–27 (2009). 

Thompson LU, Jenkins DJ, Amer MA, Reichert R, Jenkins A, Kamulsky J. The effect of fermented and 

unfermented milks on serum cholesterol. Am. J. Clin. Nutr. 36(6), 1106–1111 (1982). 

de Roos NM, Schouten G, Katan MB. Yoghurt enriched with Lactobacillusacidophilus does not lower 

blood lipids inhealthy men and women with normal to borderline high serum cholesterol levels. Eur. J. 

Clin. Nutr. 53(4), 277–280 (1999). 

Xiao JZ, Kondo S, Takahashi N et al. Effects of milk products fermented by Bifidobacterium longum on 

blood lipids in rats and healthy adult male volunteers. J. Dairy. Sci. 86(7), 2452–2461 (2003). 

McNamara DJ, Lowell AE, Sabb JE. Effect of yogurt intake on plasma lipid and lipoprotein levels 

in normolipidemic males. Atherosclerosis 79(2–3), 167–171 (1989). 

Kekkonen RA, Sysi-Aho M, Seppanen-Laakso T et al. Effect of probiotic Lactobacillus rhamnosus GG 

intervention on global serum lipidomic profiles in healthy adults. World J. Gastroenterol. 14(20), 3188–

3194 (2008). 

Fabian E, Elmadfa I. Influence of daily consumption of probiotic and conventional yoghurt on the plasma 

lipid profile in young healthy women. Ann. Nutr. Metab. 50(4), 387–393 (2006). 

Guo Z, Liu XM, Zhang QX et al. Influence of consumption of probiotics on the plasma lipid profile: a 

meta-analysis of randomized controlled trials. Nutr. Metab. Cardiovasc.Dis. 21(11), 844–850 (2011). 

Ejtahed HS, Mohtadi-Nia J, Homayouni-Rad A et al. Effect of probiotic yogurt containing Lactobacillus 

acidophilus and Bifidobacterium lactis on lipid profile in individuals with Type 2 diabetes mellitus. J. 

Dairy Sci. 94(7), 3288–3294 (2011). 

Flint HJ. Obesity and the gut microbiota. J. Clin. Gastroenterol. 45, S128–S132 (2011). 

DiBaise JK, Zhang H, Crowell MD, Krajmalnik-Brown R, Decker GA, Rittmann BE. Gut microbiota and its 

possible relationship with obesity. MayoClin. Proc. 83(4), 460–469 (2008). 

Ley RE, Turnbaugh PJ, Klein S, Gordon JI. Microbial ecology: human gut microbes associated with 

obesity. Nature 444(7122), 1022–1023 (2006). 



Mathur R, Amichai M, Chua KS, Mirocha J, Barlow GM, Pimentel M. Methane and hydrogen positivity on 

breath test is associated with greater body mass index and body fat. J. Clin. Endocrinol.Metab. 

98(4), E698–E702 (2013). 

Ly NP, Litonjua A, Gold DR, Celedón JC. Gut microbiota, probiotics, and vitamin D: interrelated exposures 

influencing allergy, asthma, and obesity? J. Allergy Clin.Immunol. 127(5), 1087–1094; quiz 1095–1086 

(2011). 

Kalliomäki M, Collado MC, Salminen S, Isolauri E. Early differences in fecal microbiota composition in 

children may predict overweight. Am. J. Clin. Nutr. 87(3), 534–538 (2008). 

Luoto R, Kalliomaki M, Laitinen K, Isolauri E. The impact of perinatal probiotic intervention on the 

development of overweight and obesity: follow-up study from birth to 10 years. Int. J. Obes. 34(10), 

1531–1537 (2010). 

Larsen N, Vogensen FK, van den Berg FW et al. Gut microbiota in human adults with Type 2 diabetes 

differs from non-diabetic adults. PLoS ONE, 5(2), e9085 (2010). 

Ejtahed HS, Mohtadi-Nia J, Homayouni-Rad A, Niafar M, Asghari-Jafarabadi M, Mofid V. Probiotic yogurt 

improves antioxidant status in Type 2 diabetic patients. Nutrition 28(5), 539–543 (2012). 

Vrieze A, Van Nood E, Holleman F et al. Transfer of intestinal microbiota from lean donors increases 

insulin sensitivity in individuals with metabolic syndrome. Gastroenterology 143(4), 913–916.e917 

(2012). 

Kawase M, He F, Kubota A et al. Effect of fermented milk prepared with two probiotic strains on 

Japanese cedar pollinosis in a double-blind placebo-controlled clinical study. Int. J. Food Microbiol. 

128(3), 429–434 (2009). 

Martinez-Canavate A, Sierra S, Lara-Villoslada F et al. A probiotic dairy product containing 

L. gasseri CECT5714 and L. coryniformis CECT5711 induces immunological changes in children suffering 

from allergy. Pediatr.Allergy Immunol. 20(6), 592–600 (2009). 

Ozdemir O. Various effects of different probiotic strains in allergic disorders: an update from laboratory 

and clinical data. Clin. Exp. Immunol. 160(3), 295–304 (2010). 

Morita H, He F, Kawase M et al. Preliminary human study for possible alteration of serum 

immunoglobulin E production in perennial allergic rhinitis with fermented milk prepared 

with Lactobacillusgasseri TMC0356. Microbiol. Immunol. 50(9), 701–706 (2006). 

Olivares M, Díaz-Ropero MP, Gómez N et al. The consumption of two new probiotic strains, 

Lactobacillus gasseri CECT 5714 and Lactobacillus coryniformis CECT 5711, boosts the immune system of 

healthy humans. Int. Microbiol. 9(1), 47–52 (2006). 

Jensen MP, Meldrum S, Taylor AL, Dunstan JA, Prescott SL. Early probiotic supplementation for allergy 

prevention: long-term outcomes. J. Allergy Clin.Immunol. 130(5), 1209–1211 e1205 (2012). 



Kuitunen M, Kukkonen K, Juntunen-Backman K et al. Probiotics prevent IgE-associated allergy until age 5 

years in cesarean-delivered children but not in the total cohort. J. Allergy Clin.Immunol. 123(2), 335–341 

(2009). 

Miraglia del Giudice M, De Luca MG, Capristo C. Probiotics and atopic dermatitis. A new strategy in 

atopic dermatitis. Dig. Liver Dis. 34(Suppl. 2), S68–S71 (2002). 

Gerasimov SV, Vasjuta VV, Myhovych OO, Bondarchuk LI. Probiotic supplement reduces atopic 

dermatitis in preschool children: a randomized, double-blind, placebo-controlled, clinical trial. Am. J. 

Clin.Dermatol. 11(5), 351–361 (2010). 

Drago L, Toscano M, De Vecchi E, Piconi S, Iemoli E. Changing of fecal flora and clinical effect of 

L. salivarius LS01 in adults with atopic dermatitis. J. Clin.Gastroenterol. 46, S56–S63 (2012). 

Iemoli E, Trabattoni D, Parisotto S et al. Probiotics reduce gut microbial translocation and improve adult 

atopic dermatitis. J. Clin. Gastroenterol. 46, S33–S40 (2012). 

Kim JY, Kwon JH, Ahn SH et al. Effect of probiotic mix (Bifidobacterium bifidum,Bifidobacterium lactis, 

Lactobacillusacidophilus) in the primary prevention of eczema: a double-blind, randomized, placebo-

controlled trial. Pediatr. AllergyImmunol. 21(2 Pt 2), e386–e393 (2010). 

Niers L, Martin R, Rijkers G et al. The effects of selected probiotic strains on the development of eczema 

(the PandA study). Allergy 64(9), 1349–1358 (2009). 

Bosch M, Nart J, Audivert S et al. Isolation and characterization of probiotic strains for improving oral 

health. Arch. Oral Biol. 57(5), 539–549 (2012). 

Flichy-Fernandez AJ, Alegre-Domingo T, Penarrocha-Oltra D, Penarrocha-Diago M. Probiotic treatment in 

the oral cavity: an update. Med. Oral Patol. Oral Cir. Bucal 15(5), e677–e680 (2010). 

Näse L, Hatakka K, Savilahti E et al. Effect of long-term consumption of a probiotic bacterium, 

Lactobacillus rhamnosus GG, in milk on dental caries and caries risk in children. Caries Res. 35(6), 412–

420 (2001). 

Ahola AJ, Yli-Knuuttila H, Suomalainen T et al. Short-term consumption of probiotic-containing cheese 

and its effect on dental caries risk factors. Arch. Oral Biol. 47(11), 799–804 (2002). 

Caglar E, Kuscu OO, Selvi Kuvvetli S, Kavaloglu Cildir S, Sandalli N, Twetman S. Short-term effect of ice-

cream containing Bifidobacterium lactis Bb-12 on the number of salivary mutans streptococci and 

lactobacilli. Acta Odontol. Scand. 66(3), 154–158 (2008). 

Caglar E, Kuscu OO, Cildir SK, Kuvvetli SS, Sandalli N. A probiotic lozenge administered medical device 

and its effect on salivary mutans streptococci and lactobacilli. Int. J. Paediatr. Dent. 18(1), 35–39 (2008). 



Caglar E, Kavaloglu SC, Kuscu OO, Sandalli N, Holgerson PL, Twetman S. Effect of chewing gums 

containing xylitol or probiotic bacteria on salivary mutans streptococci and lactobacilli. Clin. OralInvestig. 

11(4), 425–429 (2007). 

Caglar E, Cildir SK, Ergeneli S, Sandalli N, Twetman S. Salivary mutans streptococci and lactobacilli levels 

after ingestion of the probiotic bacterium Lactobacillus reuteri ATCC 55730 by straws or tablets. 

ActaOdontol. Scand. 64(5), 314–318 (2006). 

Caglar E, Sandalli N, Twetman S, Kavaloglu S, Ergeneli S, Selvi S. Effect of yogurt with Bifidobacterium 

DN-173 010 on salivary mutans streptococci and lactobacilli in young adults. Acta Odontol.Scand. 63(6), 

317–320 (2005). 

Chuang LC, Huang CS, Ou-Yang LW, Lin SY. Probiotic Lactobacillus paracasei effect on cariogenic bacterial 

flora. Clin.Oral Investig. 15(4), 471–476 (2011). 

Dhingra K. Methodological issues in randomized trials assessing probiotics for periodontal treatment. J. 

Periodontal Res, 47(1), 15–26 (2012). 

Krasse P, Carlsson B, Dahl C, Paulsson A, Nilsson A, Sinkiewicz G. Decreased gum bleeding and reduced 

gingivitis by the probiotic Lactobacillus reuteri. Swed. Dent. J. 30(2), 55–60 (2006). 

Twetman S, Derawi B, Keller M, Ekstrand K, Yucel-Lindberg T, Stecksen-Blicks C. Short-term effect of 

chewing gums containing probiotic Lactobacillus reuteri on the levels of inflammatory mediators in 

gingival crevicular fluid. Acta Odontol. Scand. 67(1), 19–24 (2009). 

Iwamoto T, Suzuki N, Tanabe K, Takeshita T, Hirofuji T. Effects of probiotic Lactobacillus salivarius WB21 

on halitosis and oral health: an open-label pilot trial. Oral Surg. Oral Med. Oral Pathol. OralRadiol. 

Endod. 110(2), 201–208 (2010). 

Burton JP, Chilcott CN, Moore CJ, Speiser G, Tagg JR. A preliminary study of the effect of probiotic 

Streptococcus salivarius K12 on oral malodour parameters. J. Appl.Microbiol. 100(4), 754–764 (2006). 

Keller MK, Bardow A, Jensdottir T, Lykkeaa J, Twetman S. Effect of chewing gums containing 

the probiotic bacterium Lactobacillus reuteri on oral malodour. ActaOdontol. Scand. 70(3), 246–250 

(2012). 

Hatakka K, Ahola AJ, Yli-Knuuttila H et al. Probiotics reduce the prevalence of oral candida in the elderly - 

a randomized controlled trial. J. Dent. Res. 86(2), 125–130 (2007). 

Koll P, Mandar R, Marcotte H, Leibur E, Mikelsaar M, Hammarstrom L. Characterization of oral 

lactobacilli as potential probiotics for oral health. OralMicrobiol. Immunol. 23(2), 139–147 (2008). 

Lamont RF, Sobel JD, Akins RA et al. The vaginal microbiome: new information about genital tract flora 

using molecular based techniques. BJOG 118(5), 533–549 (2011). 



Antonio MA, Meyn LA, Murray PJ, Busse B, Hillier SL. Vaginal colonization by probiotic 

Lactobacillus crispatus CTV-05 is decreased by sexual activity and endogenous Lactobacilli. J. Infect. Dis. 

199(10), 1506–1513 (2009). 

Anukam K, Osazuwa E, Ahonkhai I et al. Augmentation of antimicrobial metronidazole therapy of 

bacterial vaginosis with oral probiotic Lactobacillus rhamnosus GR-1 and Lactobacillus reuteri RC-14: 

randomized, double-blind, placebo controlled trial. Microbes Infect. 8(6), 1450–1454 (2006). 

Anukam KC, Osazuwa E, Osemene GI, Ehigiagbe F, Bruce AW, Reid G. Clinical study comparing probiotic 

Lactobacillus GR-1 and RC-14 with metronidazole vaginal gel to treat symptomatic bacterial vaginosis. 

Microbes Infect. 8(12–13), 2772–2776 (2006). 

Hemalatha R, Mastromarino P, Ramalaxmi BA, Balakrishna NV, Sesikeran B. Effectiveness of vaginal 

tablets containing lactobacilli versus pH tablets on vaginal health and inflammatory cytokines: a 

randomized, double-blind study. Eur. J.Clin. Microbiol. Infect. Dis. 31(11), 3097–3105 (2012). 

Ehrstrom S, Daroczy K, Rylander E et al. Lactic acid bacteria colonization and clinical outcome 

after probiotic supplementation in conventionally treated bacterial vaginosis and vulvovaginal 

candidiasis. Microbes Infect. 12(10), 691–699 (2010). 

Guillemard E, Tondu F, Lacoin F, Schrezenmeir J. Consumption of a fermented dairy product containing 

the probiotic Lactobacillus casei DN-114001 reduces the duration of respiratory infections in the elderly 

in a randomised controlled trial. Br. J. Nutr. 103(1), 58–68 (2010). 

Guillemard E, Tanguy J, Flavigny A, de la Motte S, Schrezenmeir J. Effects of consumption of a fermented 

dairy product containing the probiotic Lactobacillus casei DN-114 001 on common respiratory and 

gastrointestinal infections in shift workers in a randomized controlled trial. J. Am. Coll.Nutr. 29(5), 455–

468 (2010). 

Leyer GJ, Li S, Mubasher ME, Reifer C, Ouwehand AC. Probiotic effects on cold and influenza-like 

symptom incidence and duration in children. 124, e172–e179 (2009). 

Lin JS, Chiu YH, Lin NT et al. Different effects of probiotic species/strains on infections in preschool 

children: A double-blind, randomized, controlled study. Vaccine 27(7), 1073–1079 (2009). 

Merenstein D, Murphy M, Fokar A et al. Use of a fermented dairy probiotic drink containing 

Lactobacillus casei (DN-114 001) to decrease the rate of illness in kids: the DRINK study. A patient-

oriented, double-blind, cluster-randomized, placebo-controlled, clinical trial. Eur. J.Clin. Nutr. 64(7), 

669–677 (2010). 

Di Pierro F, Adami T, Rapacioli G, Giardini N, Streitberger C. Clinical evaluation of the 

oral probiotic Streptococcussalivarius K12 in the prevention of recurrent pharyngitis and/or tonsillitis 

caused by Streptococcus pyogenes in adults. ExpertOpin. Biol. Ther. 13(3), 339–343 (2013). 



Forestier C, Guelon D, Cluytens V, Gillart T, Sirot J, De Champs C. Oral probiotic and prevention 

of Pseudomonasaeruginosa infections: a randomized, double-blind, placebo-controlled pilot study in 

intensive care unit patients. Crit. Care. 12(3), R69(2008). 

Morrow LE, Kollef MH, Casale TB. Probiotic prophylaxis of ventilator-associated pneumonia: a blinded, 

randomized, controlled trial. Am. J. Respir. Crit. CareMed. 182(8), 1058–1064 (2010). 

Anukam KC, Osazuwa EO, Osadolor HB, Bruce AW, Reid G. Yogurt containing probiotic 

Lactobacillus rhamnosus GR-1 and L. reuteri RC-14 helps resolve moderate diarrhea and increases CD4 

count in HIV/AIDS patients. J. Clin. Gastroenterol. 42(3), 239–243 (2008). 

Hummelen R, Changalucha J, Butamanya NL et al. Effect of 25 weeks probiotic supplementation on 

immune function of HIV patients. Gut Microbes 2(2), 80–85 (2011). 

Arroyo R, Martin V, Maldonado A, Jimenez E, Fernandez L, Rodriguez JM. Treatment of infectious 

mastitis during lactation: antibiotics versus oral administration of Lactobacilli isolated from breast milk. 

Clin. Infect. Dis. 50(12), 1551–1558 (2010). 

Jenks K, Stebbings S, Burton J, Schultz M, Herbison P, Highton J. Probiotic therapy for the treatment of 

spondyloarthritis: a randomized controlled trial. J. Rheumatol. 37(10), 2118–2125 (2010). 

Messaoudi M, Violle N, Bisson JF, Desor D, Javelot H, Rougeot C. Beneficial psychological effects of 

a probiotic formulation (Lactobacillus helveticus R0052 and Bifidobacterium longum R0175) in healthy 

human volunteers. Gut Microbes 2(4), 256–261 (2011). 

Messaoudi M, Lalonde R, Violle N et al. Assessment of psychotropic-like properties of a probiotic 

formulation (Lactobacillushelveticus R0052 and Bifidobacterium longum R0175) in rats and human 

subjects. Br. J.Nutr. 105(5), 755–764 (2011). 

 

Papers of special note have been highlighted as: 

* of interest 

** of considerable interest 

Financial & competing interests disclosure The authors have no relevant affiliations or financial 

involvement with any organization or entity with a financial interest in or financial conflict with the 

subject matter or materials discussed in the manuscript. This includes employment, consultancies, 

honoraria, stock ownership or options, expert testimony, grants or patents received or pending, or 

royalties. No writing assistance was utilized in the production of this manuscript. 

Expert Rev Gastroenterol Hepatol. 2013;7(7):615-628. © 2013 Expert Reviews Ltd.  

 


