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Abstract

Objective: To report our experience with and outcomes among patients referred to a specialized
Clostridium difficile clinical practice.
Patients and Methods: We retrospectively identified consecutive patients referred for Clostridium difficile
infection (CDI) management from January 1, 2013, through May 30, 2015. Data were collected for
demographic characteristics, CDI history, final diagnoses, and management.
Results: Overall, 211 patients (median age, 65 years; 66.4% women) were included. The most common
indications for referral were recurrent CDI in 199 patients (94.3%), first CDI episode in 5 patients (2.4%),
and chronic diarrhea in 7 patients (3.3%). After evaluation, the diagnoses were recurrent CDI in 127
patients (60.2%), resolved CDI in 36 patients (17.1%), first-episode CDI in 5 patients (2.4%), and
non-CDI in 43 patients (20.4%). The most common non-CDI diagnoses were postinfection irritable bowel
syndrome (PI-IBS) in 32 patients (15.2% overall), inflammatory bowel disease (n¼3), small intestinal
bacterial overgrowth (n¼2), microscopic colitis (n¼1), and asymptomatic C difficile colonization (n¼2).
Two patients had diabetic gastroparesis and food intolerances, and 1 had chronic constipation with
overflow diarrhea. Of 127 patients with recurrent CDI, 30 (23.6%) received antibiotics; of these 30, 12
had antibiotic treatment failure and received fecal microbiota transplantation (FMT) for recurrent CDI.
Among 97 patients (76.4%) who underwent FMT, 85 (87.6%) were cured after the first FMT, 5 were
cured after the second FMT, and 7 were treated with antibiotics for FMT failure, with resolution of
symptoms.
Conclusion: A substantial proportion of patients referred for CDI subsequently received alternative di-
agnoses; PI-IBS was the most common. Patients being referred for recurrent CDI should be evaluated
carefully for alternative diagnoses.
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D uring the past 3 decades, the inci-
dence of Clostridium difficile infection
(CDI) has increased substantially in

both hospital and community settings, and it
is now the most common cause of hospital-
acquired infection in the United States, with
an overall cost in excess of $3.2 billion annu-
ally.1,2 The severity and recurrence rates of
CDI have increased markedly, with resulting
poor outcomes.3-6 The risk of recurrent CDI
is approximately 20% to 25% after an initial
episode and increases to more than 60% after
2 or more CDI episodes and with the use of
additional systemic antibiotics.6-8 The patho-
physiology of recurrent CDI involves alter-
ation of the gut microbiome, which is
exacerbated by the use of antibiotics and
Mayo Clin Proc Inn Qual Out n July 2017;1(1):49-56 n http://dx.do
www.mcpiqojournal.org n ª
open access article under the CC BY-NC-ND license (http://creative

2017 THE AUTHORS. Published by El
which leads to further disruption of the pro-
tective intestinal microbiome and increased
susceptibility to CDI. Treatment options for
recurrent CDI include the use of tapered and
pulsed courses of vancomycin, fidaxomicin,
or rifaximin regimens. Fecal microbiota trans-
plantation (FMT) has emerged as a safe, effec-
tive, and cost-effective treatment for recurrent
and refractory CDI. It works by restoring the
gut microbial diversity. Case series and obser-
vational studies have shown efficacy rates of
85% to 90%9-11; randomized controlled trials
have demonstrated efficacy ranging from
50% with 1 stool enema12 to more than
90% after multiple donor stool enemas or
stool transplants with colonoscopy in patients
with recurrent CDI.13
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Diagnosing recurrent CDI can be chal-
lenging because diagnostic test results can
remain positive even after successful treat-
ment.14,15 Nucleic acid amplification (polymer-
ase chain reaction [PCR]) testing is extremely
sensitive and may give false-positive results.
Also, the risk of postinfection irritable bowel
syndrome (PI-IBS) after resolved CDI is as
high as 25%, and PI-IBS has symptoms similar
to recurrent CDI.16 Patients with a diagnosis of
recurrent CDI may, in fact, have functional
gastrointestinal symptoms as a result of recent
CDI and may have a positive stool test result
due to colonization or a false-positive result,
rather than true recurrent or persistent CDI.
In a study of 117 patients referred with a diag-
nosis of recurrent CDI, 25% had an alternative
cause for their diarrhea.17 We have demon-
strated that 25% of patients with CDI have
development of PI-IBS at least 6 months after
their last CDI episode, which makes PI-IBS a
possible cause of symptoms in patients with a
history of CDI and ongoing gastrointestinal
tract (GI) symptoms.16

Although FMT is not approved by the US
Food and Drug Administration, several hospi-
tals and medical centers offer it as a therapy for
CDI owing to its efficacy in preventing recur-
rent CDI.10 At our center, we established a C
difficile Clinic in August 2012 to evaluate pa-
tients with recurrent CDI for FMT. This
specialized clinic is designed to improve
patient care and provide newer treatment
options, including clinical trials and conven-
tional FMT, for the treatment of patients
with multiple recurrent episodes and refrac-
tory CDI.

In this study, we report our experience
with and outcomes in patients referred to
our specialized C difficile clinical practice,
including final diagnoses and management.
PATIENTS AND METHODS

Data Collection
The Mayo Clinic Institutional Review Board
(IRB) approved prospective and retrospective
data collection for this study. We first retro-
spectively identified all consecutive patients
aged 18 years or older who were referred to
our clinic for CDI management from January
1, 2013, through May 30, 2015. No patients
were excluded on any basis. Data were
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collected and reviewed from the initial
consultation and included demographic char-
acteristics, referring diagnosis, CDI history,
concurrent GI illness, final diagnoses, and
management. Outcomes of interest included
frequency of non-CDI diagnoses. For patients
who received non-CDI diagnoses, additional
information was collected regarding symp-
toms that might suggest alternate diagnoses
and investigations to determine the exact
cause of diarrhea. The PI-IBS was diagnosed
on the basis of the Rome III criteria (improve-
ment in abdominal pain with defecation or the
onset of abdominal pain associated with a
change in the frequency or form of the stool)
and a recent history of CDI.18 Inflammatory
bowel disease was diagnosed on the basis of
endoscopic and histologic findings of Crohn
disease or ulcerative colitis, and microscopic
colitis was diagnosed on the basis of findings
of normal colon on endoscopy and histologic
findings consistent with lymphocytic or
collagenous colitis. For patients who received
FMT, the rate of prevention of future recurrent
CDI was calculated.

Patient Selection and Screening
Patients referred to the C difficile Clinic at
Mayo Clinic in Rochester, Minnesota, were
evaluated for eligibility for conventional FMT
and clinical trials by physicians staffing the
clinic (S.K. and D.S.P.). Patients underwent a
complete diagnostic evaluation to ascertain
whether they truly met criteria for recurrent
CDI, which included thorough history and
physical examination, serologic and stool tests
to rule out other causes of diarrhea, and, if
needed, radiographic and endoscopic evalua-
tion.19 The various aspects of patient history
considered while making a diagnosis of CDI
and distinguishing it from other causes of diar-
rhea are shown in Figure 1. The diagnosis of
CDI was made on the basis of the presence
of watery diarrhea (�3 watery stools/d) with
a positive CDI stool test result. Eligibility
criteria for FMT included patients with 3 or
more CDI episodes established by a positive
C difficile stool assay in the presence of diar-
rhea, and previous treatment with first-line
therapies for CDI (metronidazole, vancomy-
cin, or fidaxomicin), or a 6- to 8-week
tapering course of vancomycin or vancomycin
followed by rifaximin chaser, with a
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Patient comes to CDl clinic

Definite history of diarrhea
(≥3 watery stools/d)

No diarrhea

No alternating constipation
Alternating constipation

or incomplete evacuation

Responded and
symptoms returned

after stopping therapy

FMT, antibiotics
for CDl

No response
to previous therapy

Evaluate for :
IBD
MC
Celiac disease
Rarely, medication–
refractory CDI

• 
• 
• 
• 

Consider other causes
(eg, pelvic floor

dysfunction, PI-IBS)

Response to previous
CDl therapy

Evaluate for non-CDl
causes of symptoms

Detailed history, especially
alternating constipation,
abdominal pain relieved

with defecation

• 
• 

• 

• 

• 

Obtain history
Risk factors for CDl (age, antibiotic
exposure, recent hospitalization)
Ask about baseline bowel movements
(refer to Bristol stool scale)
Bowel pattern and frequency during
active CDl episodes
Fever, abdominal pain

FIGURE 1. Diagnostic algorithm. A simplified approach for evaluation of patients to distinguish clinically
between CDI recurrence and alternative causes of diarrhea. CDI ¼ Clostridium difficile infection;
FMT ¼ fecal microbiota transplantation; IBD ¼ inflammatory bowel disease; MC ¼ microscopic colitis;
PI-IBS ¼ postinfection irritable bowel syndrome.
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demonstrated treatment response.20 If deemed
appropriate candidates for FMT, patients
received education and detailed informed con-
sent that outlined the risks and benefits of,
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and alternatives to, FMT before the procedure.
Because FMT was a clinical procedure,
IRB approval was not needed for the
procedure.
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TABLE 1. Characteristics of Patients Referred to
CDI Clinica

Characteristic Value (N¼211)b

Age (y) 65 (18-93)
Sex: women 140 (66.4)
Indication for referral

Recurrent CDI 199 (94.3)
First episode of CDI 5 (2.4)
Nonspecific diarrhea 7 (3.3)

Most common concurrent GI illness
IBD 16 (7.6)
IBS 8 (3.8)
Microscopic colitis 7 (3.3)

Previous CDI episodes
0 5 (2.4)
1 18 (8.5)
2 58 (27.5)
�3 130 (61.6)

CDI medications at presentation
Vancomycin 99 (46.9)
Metronidazole 10 (4.7)
Fidaxomicin 3 (1.4)
Vancomycin and metronidazole 2 (0.9)
Loperamide 1 (0.5)

Previous CDI medications
�1 course of vancomycin 168 (79.6)
�1 course of metronidazole 149 (70.6)
�1 course of fidaxomicin 31 (14.7)

aCDI ¼ Clostridium difficile infection; GI ¼ gastrointestinal tract;
IBD ¼ inflammatory bowel disease; IBS ¼ irritable bowel
syndrome.
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Donor Recruitment and Screening
In the initial stage of the program, FMT recip-
ients identified a known stool donor, but this
was later deemed an unfeasible approach.19

First, every selected known donor had to un-
dergo screening to determine eligibility, which
created delays and high cost. Second, there
were ethical issues; some patients were more
comfortable using an anonymous donor, and
some identified donors were found to have ex-
clusions on preliminary testing.19 To over-
come these barriers, a standard donor pool
was created. The creation of the donor pool
was approved by the IRB. All donors under-
went informed consent for screening before
proceeding to stool donation. Donor screening
(which included history and blood and stool
testing) was performed with a well-defined
protocol adapted from the published literature
and vetted by providers within the depart-
ments of gastroenterology and infectious dis-
eases and the Mayo Clinic Microbiome
Program.21 The donors were screened for spe-
cific exclusion criteria.19 Recipients were then
given the option to choose a known or a stan-
dard donor. In our program, most patients
receive FMT via colonoscopy; a minority of
patients receive FMT via retention enema or
via endoscopy into the duodenum.
bValues are median (range) or No. of patients (%).
Statistical Analyses
Data were entered into JMP version 11.0
(SAS Institute Inc), which was used for statis-
tical analyses. Demographic and clinical vari-
ables were summarized using descriptive
statistics. Continuous variables are reported
as median (range), and categorical variables
are reported as count (percentage).
RESULTS
A total of 211 patients were identified and
included in the study; patients’ demographic
characteristics, concurrent GI illnesses, CDI
history, and CDI-related medication history
are presented in Table 1. The most common
indication for referral was recurrent CDI
(199 patients; 94.3%). The most common
established GI illnesses included inflammatory
bowel disease in 16 patients (7.6%), irritable
bowel syndrome (IBS) in 8 patients (3.8%),
and microscopic colitis in 7 patients (3.3%).
None of the patients was taking concomitant
Mayo Clin Proc Inn Qual Out n July 2017
systemic antibiotics along with CDI treatment
at the time of consultation.

Of the 211 patients, 43 (20.4%) received a
non-CDI diagnosis as a cause of their diarrhea,
on the basis of clinical evaluation and diag-
nostic investigations (Table 2). Features
consistent among most of the patients with
alternative diagnoses included a history of
nonresponsiveness to CDI therapy and nega-
tive CDI stool testing results. The most com-
mon alternative diagnosis was PI-IBS (32
[74.4%] of non-CDI patients; 15.2% overall)
after recent CDI. Of the 32 patients with PI-
IBS, 3 had positive CDI PCR test results and
were considered to be CDI carriers with PI-
IBS; the other 29 patients had negative CDI
stool test results (Table 3). Sixteen patients
had ongoing symptoms at the time of follow-
up and were using symptomatic therapies,
including fiber, antidiarrheals, antispasmodics,
and tricyclic antidepressants; 7 of these
patients had resolution of symptoms, and
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TABLE 2. Final Diagnoses Among Patients
Referred to CDI Clinica

Diagnosis
No. of patients (%)

(N¼211)

Recurrent CDI 127 (60.2)
Resolved CDI 36 (17.1)
First episode of CDI 5 (2.4)
Non-CDI diagnosis 43 (20.4)

Postinfection IBS 32 (74.4)
IBD 3 (7.0)
SIBO 2 (4.7)
Multiple diagnosesb 2 (4.7)
Microscopic colitis 1 (2.3)
Chronic constipation with
overflow diarrhea

1 (2.3)

CDI colonization 2 (4.7)

aCDI ¼ Clostridium difficile infection; IBD ¼ inflammatory
bowel disease; IBS ¼ irritable bowel syndrome; SIBO ¼ small
intestinal bacterial overgrowth.
bDiabetic gastroparesis, multiple food intolerances, and chronic
functional diarrhea.
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9 were lost to follow-up. The median follow-
up period for patients with PI-IBS was 2 years
(range, 1-3 years). Among patients who
received non-CDI diagnoses, 2 had multiple
diagnoses, including diabetic gastroparesis,
multiple food intolerances, and chronic func-
tional diarrhea, and 1 had chronic constipa-
tion with overflow diarrhea. In addition to
the 3 patients with PI-IBS and CDI coloniza-
tion, 2 other patients were deemed to have
asymptomatic CDI colonization owing to the
absence of watery diarrhea and positive stool
PCR test results.

Of the other patients, 127 (60.2%) were
determined to have recurrent CDI, 36
TABLE 3. Characteristics of Patients With Post-
infection Irritable Bowel Syndromea

Characteristic Value (n¼32)b

Age (y) 53 (23-83)
Sex: female 21 (65.6)
>2 Episodes of CDI 21 (65.6)
Treated with �1 course of

vancomycin
24 (75)

Treated with �1 course of
metronidazole

20 (62.5)

No response to CDI treatment 8 (25)
CDI positive 3 (9)

aCDI ¼ Clostridium difficile infection.
bValues are median (range) or No. of patients (%).
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(17.1%) had resolved CDI, and 5 (2.4%)
were asymptomatic after their first episode of
CDI. Table 2 presents the final diagnoses for
all patients referred to the CDI clinic. Of the
patients with recurrent CDI, 97 (76.4%)
were treated with FMT and 30 (23.6%) had
medical management, either because of patient
preference or because they had not had 3 or
more episodes of CDI (Figure 2). Among pa-
tients with medical management, 12 (40%)
subsequently underwent FMT after failure of
antibiotic treatment. Among patients who
received FMT, 87.6% (n¼85) were cured after
the first FMT, 5 were cured after the second
FMT, and 7 were treated with antibiotics for
FMT failure. Of the 7 patients with FMT fail-
ure, 5 had early FMT failure (within 3 months);
post-FMT antibiotic exposure was the cause of
FMT failure in all patients.

DISCUSSION
With an increase in the incidence of recurrent
CDI, more patients are being referred for FMT
owing to its high efficacy in preventing recur-
rent CDI.10 The purpose of specialized clinics
is to accept referrals and treat patients with
CDI, including those not responding to tradi-
tional therapies. In the present study, we
report our experience with patients referred
to our specialized C difficile clinic. A substan-
tial proportion, 20.4%, did not have recurrent
CDI and ultimately received a non-CDI diag-
nosis. The most common alternative diagnosis
was PI-IBS. Most of the patients with PI-IBS
had a recent CDI episode and had negative
results of CDI stool tests. A few patients with
PI-IBS had a positive CDI stool test result
and were considered to be CDI colonizers.
These patients were treated according to their
symptoms, and none was offered FMT.

A few studies have described PI-IBS after
infectious diarrhea caused by Campylobacter,
Salmonella, Escherichia, and Shigella spe-
cies,22-24 but the data describing PI-IBS after
CDI are limited. One study described the
rate of PI-IBS after CDI to be 35%, but
3 months after the initial CDI episode only
4.3% had symptoms indicative of PI-IBS.25

One recent study described sequelae of CDI
in a US military population and found that
14.1% of patients had development of func-
tional gastrointestinal symptoms (eg, IBS,
gastroesophageal reflux disorder, and
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127 Patients with recurrent CDI

97 Treated with FMT

85 Cured after
first FMT

5 Cured after
second  FMT

7 Treated with
medications after

FMT failure
4 Treated

with fidaxomicin
10-day course

30 Treated with medications

24 Vancomycin taper
  2 Vancomycin
     14-day course

26 Treated with 
vancomycin

12 Failure of medical
treatment; received FMT

11 Vancomycin failure
1 Fidaxomicin failure

FIGURE 2. Outcomes among patients with recurrent CDI (n¼127). CDI ¼ Clostridium difficile infection; FMT ¼ fecal microbiota
transplantation.
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dyspepsia), whereas only 6% among a
matched unexposed population had similar
symptoms.26 Another recent study reported
the incidence of new-onset PI-IBS 6 months
or longer after an episode of CDI to be
25%.16 Finally, in a study evaluating outcomes
in patients referred to their FMT center for
recurrent CDI, a large percentage of the popu-
lation did not have CDI but had an alternative
cause of diarrhea, with IBS and PI-IBS being
the most common.17 Our results are generally
in line with these previous studies and demon-
strate that PI-IBS is common after CDI.

A careful and thorough clinical evaluation
is needed to diagnose CDI. History taking
should include an estimation of baseline bowel
pattern and stool consistency using the Bristol
stool scale, comparing it with bowel pattern
and consistency during an active CDI episode,
and previous response to anti-CDI therapy.
The presence or absence of other symptoms
such as alternating constipation or difficult
defecation should be elucidated (Figure 1).
In some patients, laboratory evaluation
including assessment of the white blood cell
count, serum creatinine and albumin levels,
and upper GI endoscopy or diagnostic flexible
Mayo Clin Proc Inn Qual Out n July 2017
sigmoidoscopy or colonoscopy may be helpful
to rule out alternative causes of diarrhea.

It is imperative to understand the different
interpretations of stool testing for C difficile,
and such testing should be performed only
in the presence of symptoms suggestive of
CDI. C difficile colonization and false-positive
test results are common after a treated episode
of CDI, with studies reporting positive CDI
test results in about 63% of patients after suc-
cessful treatment of a CDI episode.27 About
3% of outpatients and 4% to 29% of inpatients
without infection may be colonized with C
difficile.27,28 If these patients have diarrhea at
initial evaluation, it is difficult to distinguish
between an alternate cause of diarrhea, such
as PI-IBS, and true CDI recurrence. Several
diagnostic tests are available to diagnose
CDI. Enzyme immunoassay for toxin detec-
tion lacks sensitivity and, used alone, is
considered insufficient for diagnosis of CDI.
A 2-step algorithm using glutamate dehydro-
genase antigen detection followed by enzyme
immunoassay testing for toxin A or B has var-
iable specificity (0.32-0.99).29 The PCR test
for detection of tcdB is widely used and is
the preferred diagnostic test because of its
;1(1):49-56 n http://dx.doi.org/10.1016/j.mayocpiqo.2017.05.002
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high sensitivity and specificity and fast turn-
around time.30 However, a limitation of PCR
testing is its lack of ability to distinguish be-
tween true CDI and colonization.14,15,27,28 A
multistep algorithm using PCR for confirma-
tion after initial testing of glutamate dehydro-
genase and toxin A and B with enzyme
immunoassay has good sensitivity (0.68-1.0)
and specificity (0.92-1.0). This is most likely
the best strategy for diagnosing CDI and may
help in distinguishing true CDI from
colonization.15

The high rate of an alternate diagnosis in pa-
tients with presumed CDI is also associated
with increased financial burden. Several studies
have estimated the cost of medical care for
each episode of CDI at between $2000 and
$5000.31-33 Hence, an accurate diagnosis of
recurrent CDI is essential to decrease the finan-
cial burden and prevent unnecessary use of
anti-CDI treatments, including FMT.

Our study highlights that all patients
referred to a CDI clinic as potential candidates
for FMT for presumed recurrent CDI should
undergo thorough clinical evaluation, and
providers should have a high degree of clinical
suspicion for an alternative cause of diarrhea.
This is especially true in those with atypical
CDI symptoms, including absence of watery
diarrhea or nonresponse to typically effective
CDI treatments. In addition, it is difficult to
distinguish symptomatic patients with a posi-
tive CDI stool test result due to true CDI
recurrence from patients with PI-IBS with
CDI colonization. Current data do not support
the use of FMT as treatment, outside of
research settings, for diagnoses other than
recurrent CDI, especially for PI-IBS, which
was the most common alternative diagnosis
in our cohort.

Our study has several limitations. Data
were incomplete in certain aspects, including
details regarding CDI history and manage-
ment, because they were collected retrospec-
tively. The diagnosis of PI-IBS was mostly
based on clinical history, and there is no
confirmatory clinical test. Our study reports
a single-center experience, and the study
should be replicated at other centers.

In conclusion, a considerable proportion
of patients referred to our CDI clinic subse-
quently received an alternative diagnosis,
with PI-IBS being the most common.
Mayo Clin Proc Inn Qual Out n July 2017;1(1):49-56 n http://dx.do
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Clinicians should consider this diagnosis,
especially in patients with symptoms refrac-
tory to CDI treatment and with ongoing symp-
toms but negative test results. Further
prospective cohort studies with longer
follow-up of patients with CDI who have PI-
IBS development versus those who have
symptom resolution might be helpful in un-
derstanding and exploring ways to distinguish
PI-IBS from true CDI recurrence. These
studies should focus on the role of gut micro-
biota and changes that are associated with the
development of PI-IBS after CDI.
Abbreviations and Acronyms: CDI = Clostridium difficile
infection; FMT = fecal microbiota transplantation; GI =
gastrointestinal tract; IBS = irritable bowel syndrome; IRB =
institutional review board; PCR = polymerase chain reaction;
PI-IBS = postinfection irritable bowel syndrome
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