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Abstract: Fecal microbiota transplantation (FMT) has become a well-established treatment for recur-
rent Clostridioides difficile infection (rCDI). While short-term outcomes and adverse events relating to
FMT have been well documented, there still is a paucity of data with regard to long-term safety. In
this report, we describe the long-term follow-up of the prospective cohort of the first randomized
controlled trial of FMT for rCDI, and review the existing literature. A total of 34 patients were treated
with FMT for rCDI. Seven patients were still alive after a follow-up of more than 10 years and three
patients were lost to follow-up. None of the 34 patients had experienced a new-onset autoimmune,
gastrointestinal, or malignant disorder during follow-up. We did not find any deterioration or
amelioration of pre-existing medical conditions. Furthermore, no deaths directly attributable to
FMT could be identified. These findings are in accordance with the data in available literature. In
conclusion, no long-term adverse events or complications directly attributable to FMT were found in
our prospective cohort. Review of the available literature does not point to long-term risks associated
with FMT in this elderly population, provided that carefully screened fecal suspensions are being
used. No firm conclusion on the long-term safety of FMT in younger patients could be drawn.

Keywords: Clostridioides difficile infection; fecal microbiota transplantation; FMT; long-term; follow-
up; adverse events

1. Introduction

A disturbance of the gut microbiota, often caused by broad-spectrum antibiotics, can
result in the germination of Clostridioides difficile spores, toxin production, and subsequent
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C. difficile infection (CDI). Recurrence rates of CDI after antibiotics directed towards C.
difficile remain high (~25%), and increase with each subsequent episode [1]. For patients
with recurrent (r)CDI, fecal microbiota transplantation (FMT) is an effective and established
treatment [2–4], restoring the perturbed and depleted gut microbiota of patients by infusing
a balanced and healthy donor (fecal) microbiota preparation [5–8].

With the implementation of FMT as a treatment for rCDI and its evaluation as a
treatment modality in clinical trials for other conditions, the short-term outcome and
safety of FMT has been well documented [9]. The most commonly reported immediate
adverse reactions following FMT are mild and transient, consisting of abdominal pain,
bloating, diarrhea, constipation, and nausea and occur in roughly 29% of patients [10,11].
In addition, procedure (endoscopy)-related serious adverse events may occur rarely, such
as perforation, gastrointestinal bleeding, and aspiration. Importantly, only very few serious
infectious complications have been described. However, the report of multi-drug resistant
Gram-negative sepsis after FMT in neutropenic patients underlines the need for rigorous
screening of donors and their respective feces to assure the safety for FMT recipients [12,13].
Whereas short-term safety appears established, there is a paucity of data pertaining to
long-term adverse reactions that are possibly attributable to FMT. Concerns have been
raised about potential unknown long-term effects of FMT, such as systemic autoimmune,
gastrointestinal inflammatory disorders or neoplasia, even though donors are carefully
selected as not having any condition associated with a perturbed microbiota [12,14]. In this
report, we describe the 10-year follow-up of rCDI patients who were previously treated by
FMT in a randomized clinical trial [7]. In addition, a literature search was performed to
summarize the available data on long-term follow-up after FMT for the treatment of rCDI.

2. Patients and Methods
2.1. Patients

In a randomized controlled trial (FECAL trial, Netherlands Trial Register number
NTR1177), conducted between 2008 and 2010, 43 patients with rCDI were randomized to
receive: (A) FMT preceded by 4 days of vancomycin 500 mg q.i.d. and a bowel lavage
(intervention group); (B) 14 days of vancomycin 500 mg q.i.d. (control group); or (C)
14 days of vancomycin 500 mg q.i.d. preceded by a bowel lavage (control group). FMT was
performed by infusing a donor fecal suspension through a duodenal tube [7]. Patients with
compromised immunity because of recent chemotherapy, those suffering from HIV with a
CD4 count below 240, those with a prolonged use of prednisolone (>60 mg per day), those
with a need for ICU admission, or those who were pregnant were excluded from the trial.

After an interim analysis, the trial was stopped prematurely due to an overwhelming
difference in efficacy favoring FMT. Seventeen patients were randomized to receive FMT,
of whom 16 were treated. In total, 26 patients were assigned to antibiotic treatment (control
groups), of whom 19 suffered from a new episode of rCDI after treatment. Of those
19 patients with rCDI after antibiotic treatment, 18 patients received FMT off-protocol
(Figure 1). The protocol was approved by the Medical Ethics Committee, and all patients
had given written informed consent for inclusion in the trial, and a separate approval for
long-term follow-up for more than 10 years.
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Figure 1. A flowchart of inclusion of patients. One patient randomized to receive FMT dropped out of the trial before receiving FMT, and was 
therefore not eligible for follow-up. Abbreviations: FMT: fecal microbiota transplantation, rCDI: recurrent Clostridioides difficile infection. 

Figure 1. A flowchart of inclusion of patients. One patient randomized to receive FMT dropped out of the trial before receiving FMT, and was therefore not eligible for follow-up.
Abbreviations: FMT: fecal microbiota transplantation, rCDI: recurrent Clostridioides difficile infection.



Microorganisms 2021, 9, 548 4 of 13

2.2. Collection of Follow-Up Data

Of the included patients who had undergone FMT as a study treatment and those
randomized to antibiotic treatment who received FMT off-protocol after antibiotic fail-
ure, long-term follow-up data about the recurrence of CDI, antibiotic use, general health,
hospitalization, and mortality were collected via a structured telephone interview com-
bined with a review of hospital records, if available. A recurrence was defined as a new
microbiologically proven episode of CDI. Participants were contacted at two different
timepoints—approximately two and ten years after FMT. Primary healthcare physicians
were contacted if a patient was untraceable or unable to provide the information. Cause of
death was evaluated by a gastroenterologist and infectious diseases specialist to determine
if the cause of death was possibly attributable to FMT.

2.3. Search of Literature

A literature search was performed in PubMed and Google Scholar on 14 July 2020. The
following MeSH terms were used: “FMT”, “fecal microbiota transplantation”, “Clostrid-
ium/Clostridioides difficile infection”, “follow-up”. A total of 86 abstracts were screened.
Only studies who reported on a follow-up of one year or more after FMT for rCDI specifi-
cally were included. Abstract messages without corresponding articles were excluded.

3. Results
3.1. Patients Treated with FMT

In total, 34 patients (79%) with a median age of 73 years, ranging between 18 and
101 years of age, were treated with FMT for rCDI. At two years follow-up, 25 patients were
alive, 9 were deceased, and none were lost to follow-up. Ten years after completion of
the trial, 7 patients were still alive, 24 had deceased, and 3 were lost to follow-up. The
median follow-up of all patients was 3.5 years (range 0.2–11 years). Patient characteristics
are shown in Table 1. Time of death after completion of the trial occurred after a median
of 2.1 years (range 0.2–7 years) (Figure 2). Causes of death are listed in Table 2. The most
commonly reported causes of death were natural causes attributed to old age and dementia,
renal failure, and myocardial infarction. None of the patients died due to causes directly
attributable to FMT, as evaluated by the experts. The patient who died from urosepsis had
suffered from recurring urinary tract infections and urosepsis prior to FMT. However, given
the time passed between the new urosepsis and FMT, it cannot be ruled out completely as
being related to FMT, as no microbiological data from donor and recipient was available
for evaluation of a possible causal relationship. Two patient records only stated that the
patient had deceased, no cause or time of death could be retrieved. Reported malignancies,
renal failure, and cirrhosis were already present at the time of inclusion in the trial. There
was no indication that FMT ameliorated or deteriorated the clinical course of these pre-
existing disorders. None of the patients reported the onset of a new autoimmune disorder,
gastrointestinal disorder, or malignant disease after receiving FMT.

Overall, 29 (85%) patients were prescribed at least one course of non-CDI antibiotics
after receiving FMT. During follow-up, four (12%) patients suffered from a new episode of
CDI. All of these episodes were preceded by a course of non-CDI antibiotics. Post-FMT
CDI was cured with a single course of vancomycin in all these patients.
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Table 1. Long-term follow-up of FMT recipients from the FECAL trial.

Inclusion

Number of patients: 34

Number of cured patients: 30 (88%)

Average age in years at inclusion (SD): 71.7 (11.6)

Charlson comorbidity index (SD): 2.53 (2.1)

Karnofsky performance status (SD): 51 (18)

Mean number of FMTs given: 1.26

Follow-up

Number of patients still alive: 7 (21%)

Mean duration of follow-up in years (range): 4.5 (0.1–11)

Mean duration of follow-up in years (range) of patients still alive: 10.5 (9.5–11)

New episodes of CDI: 4 (12%)

Course of non-CDI antibiotics: 29 (85%)

Long-term complications of FMT: 0

Long-term complications of CDI: 1 (3%)

Lost to follow-up *: 3 (9%)

Onset of new autoimmune or gastrointestinal (GI) disorders: 0
* Three patients were healthy 2 years after FMT, but were lost to further follow-up. Abbreviations: CDI: Clostrid-
ioides difficile infection, FMT: fecal microbiota transplantation, SD: standard deviation.

Table 2. Cause of death, time between FMT and death, and possible relation with FMT from patients
in the FECAL trial during long-term follow-up after FMT treatment and cure of rCDI.

Cause of Death Number of
Patients

Time Passed Since
FMT (Months)

Relatable to
FMT/CDI

Renal failure 3 2, 22, 25 No

Pneumonia 3 35, 48, NA Unlikely

Stroke 2 8, 14 No

Urosepsis/sepsis 2 3, 41 Unlikely

Dementia and natural aging 3 44, 57, NA No

Myocardial infarction 3 36, 84, NA No

Cholecystitis 1 47 No

Cirrhosis 1 24 No

Myelodysplastic syndrome 1 22 No

Peritonitis carcinomatosa 1 65 No

Malignancy 1 10 No

CDI and peritonitis 1 13 Yes

Unclear 2 NA NA

Total 24
Abbreviations: CDI: Clostridioides difficile infection, NA: not available.
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Figure 2. Survival following FMT of patients (n = 34) from the randomized controlled trial [7].

3.2. Patients Treated without FMT

Eight patients randomized to vancomycin-based treatment did not receive FMT. Of
these eight patients, seven were cured with vancomycin, and one other patient refused
further treatment for rCDI and died due to hospital-acquired pneumonia during the course
of the study [7]. No further follow-up was performed for patients treated with vancomycin.

3.3. Review of Literature

A total of seven studies were found with a follow-up of at least one year or more [6,15–20],
describing a total of 548 patients treated with FMT for rCDI. Results are summarized in
Tables 3 and 4. The reported follow-up ranged from one to six years. One study reports
on a substantial cohort of 207 patients with a mean follow-up of 34 months [20]. Only one
study had a prospective observational design with a follow-up of 12 months [16]. The
other studies describe small retrospective cohorts of patients. None of the studies reported
deaths directly attributable to FMT.

Adverse events can be divided into infectious complications related to the donor feces
preparation used, and (theoretical) the new onset of disorders or deterioration of existing
conditions in which the gut microbiota is involved in the pathogenesis. Six of the seven
included studies reporting on the onset of new medical conditions post-FMT [6,16–20], of
which five describe a prevalence of 29–51% of any new medical condition (Table 4). Only
two studies reported on the deterioration of pre-existing medical conditions in 5–7% (n = 15)
of patients [17,20]. In contrast, the amelioration of pre-existing medical conditions was
7–11% and reported/described in four studies comprising a total of 442 patients [17–20]. A
specified overview of all reported conditions is shown in the “New Medical Conditions
per Study” section at the end of this manuscript.
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Table 3. Studies reporting on long-term follow-up after FMT.

Author Study Design
Patients

Treated with
FMT

Deaths
Patients

Included for
Follow-Up

Mean Age Mean
Follow-Up

Primary
Cure *

Patients with
New

Episodes of
CDI

Patients
Receiving

Antibiotics
Post-FMT **

Safety: SAEs
Possibly

Attributable to
FMT

Van Beurden et al. [6]. Retrospective
cohort 43 8 (19%) 39 73 21 months 82% 7 (18%) NA Not reported

Perler et al. [20]. Retrospective
cohort 528 52 (10%) 207 58 34 months 89% 51 (25%) 100 (48%) Not reported

Lee et al. [18]. Retrospective
cohort 94 37 (39%) 23 NA 6 years NA 0 12 (52%) Not reported

Girotra et al. [16].
Prospective

observational
cohort

29 0 29 80 12 months 100% 0 NA Not reported

Mamo et al. [19]. Retrospective
cohort 232 26 (11%) 137 66 22 months NA 24 (18%) 61 (45%) Not reported

Greenwald et al. [15]. Retrospective
cohort 79 0 58 69 18 months NA 11 (19%) NA Not reported

Jalanka et al. [17]. Retrospective
cohort NA 0 55 57 3.4 years NA 2 (4%) 26 (47%) Not reported

* Primary cure is defined as a resolution of CDI symptoms for 48 consecutive hours post-FMT. ** At least one course of non-CDI antibiotics. Abbreviations: CDI: Clostridioides difficile infection, FMT: fecal
microbiota transplantation, NA: not available, SAEs: serious adverse events.
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Table 4. Studies reporting on other medical conditions post-FMT.

Author Onset of New Medical
Condition * Patients (%)

Deterioration of Medical
Condition ** Patients (%)

Amelioration of Medical
Condition ** Patients (%)

Perler et al. [20]

105 (51%)
11 (5%) 15 (7%)Infectious disorders: n = 84

AD: n = 3
Rheumatoid arthritis: n = 1

IBS: n = 10
Malignancies: n = 8 IBD: n = 4

IBD/IBS: n = 12
IBD: n = 10 Alopecia areata: n = 1

Other: n = 33

Lee et al. [18]

8 (35%)

Not available

7 (30%)
Infectious disorders: n = 0 IBD: n = 4

AD: n = 1 Diabetes mellitus: n = 1
Malignancies: n = 1

Parkinson’s disease: n = 2IBD/IBS: n = 2
Other: n = 4

Mamo et al. [19]

43 (31%)

Not available

12 (7%)
Rheumatoid arthritis: n = 1

Infectious disorders: n = 1 IBS: n = 3
Autoimmune disorders: n = 0 IBD: n = 2

Malignancies: n = 1 Diverticulosis: n = 2
IBD/IBS: n = 0 Diabetes mellitus: n = 1
Other: n = 40 CVID: n = 1

Jalanka et al. [17]

16 (29%)
4 (7%) 8 (11%)Infectious disorders: n = 0

AD: n = 1
Diabetes mellitus: n = 2 IBD: n = 5Malignancies: n = 0

IBD/IBS: n = 5
AD: n = 2 AD: n = 3Other: n = 10

* All new-onset medical conditions reported in footnote. ** Medical conditions present before FMT. Abbreviations: AD = autoimmune
disease, CVID: common variable immunodeficiency, IBD = inflammatory bowel disease, IBS = irritable bowel disease.

3.4. Outcome of rCDI

The primary cure rate of FMT was only reported in three studies [6,16,20], and was
82% to 100%. Importantly, sustained cure defined as no relapse of CDI during entire
follow-up period ranged between 75% and 100%. Almost all post-FMT relapses of CDI
were preceded by one or multiple courses of antibiotics. In most cases, a single course
of specific antibiotics directed against CDI was sufficient to resolve CDI symptoms and
prevent further recurrence of CDI. Roughly 50% of patients treated with FMT were treated
with at least one reported course of antibiotics for non-CDI infections (Table 3).

3.5. Infectious Complications

One study provided an in-depth overview of the occurrence of infectious disorders
after FMT [20]. Urinary tract infection (n = 31), pneumonia (n = 16), and sinusitis (n = 13)
were most commonly found, in 41% (84/207) of the patients. The authors concluded that
none of these infections could be directly attributed to FMT. Other studies did not report
specifically about infectious complications, which probably indicates underreporting of
these conditions.

3.6. Weight Gain

Two studies reported on changes in body weight post-FMT [17,18]. Lee et al. de-
scribed weight gain (defined as >5 kg increase in body weight) in 11 patients (48%), while
unchanged and decreased body weight occurred in 10 patients (44%) and 2 patients (8%),
respectively [18]. The study performed by Jalanka et al. described weight gain in 76
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patients (55%) [17]. Importantly, those studies do not address previous weight loss caused
by recurrent CDI for which FMT is given.

3.7. Irritable Bowel Syndrome

The onset of irritable bowel syndrome (IBS) or IBS-like symptoms have been reported
to occur in up to 25% of patients after resolution of CDI [21]. Long-term follow-up after FMT
revealed the onset of IBS in 17 out of 285 (6%) patients throughout three studies reporting on
IBS [17,18,20]. Of note, Jalanka et al. found a statistically significant difference (p = 0.034)
in the onset of IBS symptoms in patients treated for CDI, favoring FMT (11%) when
compared to those treated with antibiotics (36%) [17]. Furthermore, 18 patients experienced
amelioration of their pre-existing IBS symptoms post-FMT [17,18,20]. However, the lack of
pre-FMT patient demographics makes interpretation of these results difficult.

3.8. Inflammatory Bowel Disease

Four of the included studies described the effects of FMT on inflammatory bowel
disease (IBD, i.e., Crohn’s disease, ulcerative colitis (UC), or undifferentiated colitis) after
long-term follow-up of 423 patients [17–20]. Two patients in one study suffered from the
onset of IBD during follow-up [20], none of the other studies reported new cases of IBD
post-FMT [17–19]. A total of three patients suffered from a flare-up of their IBD (CD n = 2,
UC n = 1). Furthermore, 15 patients with pre-existent IBD had either complete resolution
or significant improvement of their IBD symptoms (CD, UC, and undifferentiated colitis).
The lack of complete pre-FMT patient demographic data complicates the interpretation of
these findings.

3.9. Autoimmune Disorders

A total of five cases of new-onset autoimmune disorders were reported throughout
four studies describing 423 patients [17–20]. This included psoriatic arthritis, rheumatoid
arthritis, osteoarthritis, thyroiditis, and hypothyroidism. Deterioration of the symptoms
of pre-existing autoimmune disorders was found in three patients (unspecified n = 2,
rheumatoid arthritis n = 1). In contrast, amelioration of autoimmune disorders were
reported in five patients—one patient with rheumatoid arthritis (n = 1), one patient with
alopecia areata (n = 1), and three unspecified cases (n = 3).

3.10. Malignancies

The onset of new malignancies post-FMT was reported in three studies [18–20]. A
total of ten cases were identified within these studies. This included two cases of colon
cancer [19,20]. Furthermore, chronic lymphocytic leukemia (n = 2), skin cancer (n = 1),
breast cancer (n = 2), adenocarcinoma of the stomach (n = 2), and a neuroendocrine tumor
were identified [18,20]. There were no reports of any amelioration or deterioration of
pre-existing malignancies. The time frame between FMT and diagnosis of malignancies in
these studies was not reported, but the relatively short follow-up interval of the studies
does not seem compatible with FMT playing a causative role in carcinogenesis. In addition,
no clusters of (associated) malignancies could be identified.

3.11. Other Disorders

Cases with new-onset non-alcoholic fatty liver disease, mastocytosis, and chronic
pancreatitis were also reported. Two patients with pre-existing Parkinson’s disease had
significant beneficial improvement in motor symptoms, and one patient with common
variable immune deficiency experienced significantly less intermittent infections [17,19,20].

4. Discussion

This study is the first to report on a follow-up of up to 11 years post-FMT. Our results,
in combination with a review of the available literature, suggests that FMT does not cause
serious long-term adverse events. Furthermore, FMT was found to provide long-term
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protection against the development of a new episode of CDI, even after use of a non-
CDI antibiotic. None of our relatively older patients suffered from the onset of a new
autoimmune, gastrointestinal, or malignant disease following FMT, and no deaths directly
attributable to FMT could be identified.

The high mortality rate among patients included in the trial is in concordance with
other studies [5,22,23], and reflects the frailty of the relatively older patients suffering from
rCDI, illustrated by older age (mean 72 years), comorbidity, and a decreased Karnofsky
performance score at inclusion in the trial [7]. After termination of the trial, 85% of patients
were exposed to a single or multiple course of antibiotics during follow-up. Interestingly,
only four (12%) patients developed a new episode of CDI, and after specific antibiotic use,
none of them had subsequent recurrences. Apparently, there is a true reset of the microbiota,
resulting in a regained efficacy of anti-CDI antibiotics after CDI. This was also observed by
van Beurden et al., who noted that FMT is not required to treat post-FMT relapses of CDI
in most patients [6]. Furthermore, several other studies showed that exposure to non-CDI
antibiotics post-FMT is frequent after FMT, but only rarely results in a new episode of
CDI [17–20]. However, as most post-FMT recurrences of CDI are preceded by a course of
antibiotics, antibiotic stewardship is warranted [6,15–20].

A limitation of our study is the relatively small sample size of 34 patients, with only
10 (21%) patients alive at the end of the follow-up period, and a lack of fecal samples
to investigate whether the effects of FMT on the microbiota of patients are still present
after long-term follow-up. However, the study does describe a well-defined prospective
cohort, and the results do not differ from other reports [6,15–20], with a follow-up range
of one to six years. So far, none of the published studies reported deaths or long-term
serious adverse events directly attributable to FMT. Thus, FMT appears as a safe treatment
modality without proven long-term adverse events. However, the rCDI population is
relatively old, and no clear conclusions on the safety of FMT given to a younger population
should be drawn. In particular, conclusions about the long-term effects of FMT in young
patients on the development of malignancies, neurodegenerative, or autoimmune disorders
cannot be drawn based on our study and the available literature. More prospective studies
addressing the long-term follow-up after FMT are needed, preferably in national or even
international registries [24]. Combining long-term follow-up data with microbiota analysis
of samples of used FMT suspensions and its respective recipients in the case of adverse
events may result in further understanding of the safety and long-term effects of FMT in
the future.

Interestingly, several studies reported on the amelioration of other pre-existing medical
conditions, such as IBS, IBD, and Parkinson’s disease after FMT [17–19]. In contrast, flare-
ups of IBD, IBS, or IBS-like symptoms were also reported [17–20]. Whether worsening or a
flare-up can be attributed to FMT or reflect the clinical course of IBD with concurrent CDI is
not conclusive and therefore remains unknown. New cases of IBD after FMT are reported
occasionally [20]. This may well reflect a pre-existent IBD that mimics the course of rCDI.
In fact, careful consultation of FMT requests for rCDI may reveal new-onset IBD in ~10%
of cases [5]. Importantly, a study reporting on the follow-up of patients treated with FMT
preparations from a donor that developed IBD during follow-up did not report new-onset
IBD in those patients, suggesting that transferring an IBD-prone microbiota is not sufficient
to induce IBD [25]. In that context, FMT as a new treatment approach for ulcerative colitis
has gained increasing interest, with FMT showing similar efficacy when compared to
biologicals in pooled analysis [26]. While FMT appears partly successful as a therapy
for ulcerative colitis (UC) [27], less is known about its effects on Crohn’s disease (CD).
Although a positive effect of FMT on IBD is generally assumed, a meta-analysis showed
that approximately 5% of IBD patients suffer from a flare-up post-FMT [28]. Ongoing
studies are expected to increase our understanding of the effects of FMT on the course of
IBD in the near future.

The occurrence of post-infectious IBS-like symptoms is unfortunately common af-
ter resolving CDI (~25%) [21], and IBS is also reported after FMT in 17 of 285 rCDI
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patients [17,18,20]. Whether IBS-like symptoms after FMT for rCDI reflect a pre-existent
occurrence of IBS-like symptoms, post-infectious IBS-like symptoms after CDI, or an FMT-
related phenomenon remains uncertain. The finding that post-infectious IBS after CDI is
more likely to occur after antibiotic treatment compared to FMT suggests that those com-
plaints are not caused by FMT [17]. Importantly, Perler et al. reported that 10 patients had
an improvement of their pre-existing IBS after FMT for rCDI [20]. However, the available
studies may be biased because the observations were mostly retrospective in nature and
present a small number of patients. Therefore, further studies are needed to address the
occurrence of post-infectious IBS after FMT for rCDI.

In conclusion, after a follow-up of up to 11 years of patients after inclusion in a
randomized controlled trial of FMT for rCDI, long-term adverse events or complications
directly attributable to FMT were not encountered. These observations are substantiated
by a review of the available literature. Larger observational studies comparing appropriate
controls with patients who received FMT for rCDI or other disorders are needed to confirm
the long-term safety of FMT. Separate studies are needed to confirm the safety of FMT
in younger patients, e.g., in patients with IBD or IBS. National or international registries
collecting prospective follow-up data from all patients treated with FMT will eventually
provide a more complete view on the long-term safety of FMT.

5. New Medical Conditions per Study

Perler et al. [20]: urinary tract infection (31), sinus infection (13), pneumonia (16),
pneumonia with sepsis (2), periodontal infection (4), Mycobacterium avium complex (1),
cytomegalovirus colitis (1), cryptosporidium (1), ascending cholangitis with septic shock
(1), streptococcal pharyngitis (2), Lyme/ehrlichiosis/babesiosis (1), otitis media (2), Lyme
disease (1), pyelonephritis (1), bronchitis (2), hordeolum (1), urinary sepsis (1), necrotizing
fasciitis (1), fungal infection (2), colonic arteriovenous malformation (1), gastric ulcer (1),
rectal bleed (1), unknown gastrointestinal bleed (1), diverticulitis (3), IBS (10), pancreatic
insufficiency (1), small intestinal bacterial overgrowth (3), gastroesophageal reflux disease
(1), IBD (2), colon resection from IBD complications (1), ulcerative colitis requiring total
colectomy (1), myocardial infarction (2), chronic hypertension (1), congestive heart failure
(1), atrial fibrillation (1), hyperlipidemia (1), valve replacement (1), colon cancer (1), chronic
lymphocytic leukemia (2), skin cancer (1), breast cancer (1), adenocarcinoma of the stomach
(2), neuroendocrine tumor (1), kidney transplant (4), nephrolithiasis (1), ovarian cyst (1),
cerebrovascular accident (1), transient ischemic attack (1), chronic Alzheimer dementia
(1), cognitive impairment (1), neuropathy (1), anxiety disorder (1), psoriatic arthritis (1),
mastocytosis (1), and osteoarthritis (2).

Lee et al. [18]: breast cancer (mastectomy only) (1), osteoarthritis of knee (hemiarthro-
plasty) (1), stage 4 osteoporosis (1), transient ischemic attack (1), rheumatoid arthritis (1),
hypertension (1), and IBS (2).

Mamo et al. [19]: constipation (3), diabetes mellitus (2), microscopic colitis (1), gastric
ulcer (1), osteoporosis (1), non-alcoholic fatty liver disease (1), femoral avascular necrosis
(1), colon cancer (1), kidney disease/end-stage renal disease (5), hypothyroidism (2),
back pain (2), stroke (2), memory loss (2), arrhythmias (2), hemoptysis (1), pyoderma
(1), Meniere’s disease exacerbation (1), unilateral vision loss (1), sustained ventricular
tachycardia (1), peeling skin (1), arthritis (1), peanut allergy (1), narcolepsy (1), aspiration
(1), dysautonomia (1), pleural effusion (1), chronic pancreatitis (1), carpal tunnel syndrome
(1), benign prostatic hyperplasia (1), anxiety (1), and tonic–clonic seizure (1).

Jalanka et al. [17]: IBS (5), allergy (3), migraine (4), dementia (3), and autoimmune
thyroiditis (1).
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