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Abstract

Clostridium difficile infection (CDI) has become the most frequently reported
health care-associated infection in the United States [1]. As the incidence of
CDl rises, so too does the burden it produces on health care and society. In an
attempt to decrease the burden of CDI and provide the best outcomes for
patients affected by CDI, there have been many recent advancements in the
understanding, diagnosis, and management of CDI. In this article, we review
the current recommendations regarding CDI testing and treatment strategies.
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Introduction

Clostridium difficile is an opportunistic organism that causes infec-
tion in patients with an alteration in intestinal microbiota. Microbi-
ota is the community of organisms that inhabits a particular region
of the body, and the intestine is composed of 300-500 species of
bacteria. Alteration in intestinal microbiota predisposes patients
to becoming infected with the spores from C. difficile via fecal-
oral transmission’. Once a patient has C. difficile infection (CDI),
outcomes can range from asymptomatic colonization to severe
diarrhea. Fulminant or severe complicated CDI is characterized by
inflammatory lesions and the formation of pseudomembranes in the
colon, which can lead to toxic megacolon, bowel perforation, sepsis,
shock, and death’. In addition, CDI has become nefarious for more
severe disease associated with frequent recurrences despite appro-
priate and adequate treatment’, in part due to a virulent strain of CD
termed NAP1/B1/027". The consequences of CDI affect the patient
and society alike, as more than 300,000 hospitalizations involve
CDI each year. The mean cost of each hospitalization ranges from
$8911 to $30,049 per patient, at a yearly cost estimated at $1.0 to
$4.9 billion to the US health care system™*. While a large portion of
this cost is related to a true increase in CDI incidence, some of the
cost burden can be attributed to the over-diagnosis of CDI after the
introduction of molecular tests™~'’. As health care costs rise, so does
the importance of continued research in the detection and treatment
of CDI.

Update in diagnosis of CDI

In the molecular era, how to best diagnose CDI in a cost-effective
manner has become an area of much debate. In order to efficiently
and effectively treat CDI, the diagnosis should be made rapidly
based on clinical and laboratory evidence of the infection. Test-
ing for CDI should only occur if patients have clinical risk factors
for the disease along with signs and symptoms, most commonly
diarrhea''. The most common risk factors include patients who are
currently receiving antibiotics or who have received antibiotics in the
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past 8 weeks'”. There are compelling data that almost all antibiotics
can increase the risk of CDI, but third-generation cephalosporins,
clindamycin, amoxicillin, and fluoroquinolones have been the most
frequently reported'>~*. In addition, patients are at greater risk if
their age is greater than 65, if they are hospitalized or were recently
hospitalized, or if they live in long-term care facilities®.

Laboratory testing for CDI should be performed only on sympto-
matic patients and only on diarrheal stool”~'". Additionally, test-
ing patients with CDI for “cure or clearance” or for “colonization”
after treatment is not appropriate and not recommended'®. Treated
patients often shed spores for several weeks to months despite being
asymptomatic, and further testing can lead to inappropriate courses
of treatment'>'". There is general consensus that radiologic diagno-
sis of CDI is of little value'®; however, imaging should be done in
cases of suspected toxic megacolon. Endoscopic diagnosis should
be reserved for cases when a diagnosis is emergently needed, if
there is delay in implementing CDI testing, if laboratory tests are
negative and CDI is strongly suspected, or in cases of ileus when
stool is unavailable'.

Laboratory testing for CDI is an exciting and rapidly changing field;
however, it remains an area of confusion, largely because there is
no generally accepted gold standard or single best test”. In gen-
eral, the clinical usefulness of a CDI diagnostic test is judged on its
sensitivity, specificity, turnaround time (TAT), cost, and availability”'.
Currently, the five accepted tests are enzyme immunoassay (EIA)
for toxin A/B, glutamate dehydrogenase (GDH), nucleic acid
amplification tests (NAATSs), toxigenic culture (TC), and cytotoxin
neutralization (CTN) test. These tests vary widely in terms of clini-
cal usefulness (Table 1),

Toxins A and B are the most important virulence determinants of
disease and the majority of diagnostic tests target these toxins™.
These toxins are responsible for symptoms of infection and are

Table 1. Properties of tests available for C. difficile infection detection.

Detects gene responsible for  NAATs'~
production of Toxin
Detects toxin in stool CTN

EIA® toxin A/B
Detects common antigenon ~ GDH*
C. difficile
Relies on culture of C. difficile TC®

Sensitivity Turnaround

*kk

*k

KAKK

*kkkk

Cost Availability

Time (TAT)

*kkk KKk

Hours®

*kKk *7

Days

*kk K

Hours

*kkk

Hours

*kk

Days

1. NAAT: nucleic acid amplification test; 2. CTN: cytotoxin neutralization test; 3. EIA: solid-phase enzyme
immunoassay; 4. glutamate dehydrogenase; 5. toxigenic culture; 6. TAT are variable and dependent on type of
NAAT; 7. only available in specialty research laboratories; * indicates magnitude of characteristic, i.e. *** has a

greater cost than **
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present in the stool of infected patients with diarrhea. The first test
for detection, the CTN test, was developed in the 1970s*. CTN was
novel in that it detected C. difficile toxins on cell culture medium.
Unfortunately, CTN requires significant expertise, is time consuming,
has very slow TAT, and is not widely available”-*.

Subsequently, TC on selective medium was developed for the detec-
tion of C. difficile*. Although considered the gold standard for its
time due to its very high sensitivity, it lacks specificity. Data now
show a high rate of false positives in asymptomatic carriers and
in certain patient populations, such as infants and patients recently
exposed to antibiotics”. In addition, it has a very slow TAT and is not
widely available, as testing requires an experienced laboratory”'.

In the early 1990s, detection of C. difficile toxins A and B through
solid-phase EIAs was developed. EIAs have a rapid TAT, are widely
available and inexpensive, and thus became the new standard for
CDI detection in most laboratories until the early 2000s”'. Although
initially reported to have a sensitivity of as high as 98%, subsequent
studies showed toxin A and B EIA had a poorer sensitivity, between
45 and 60%, respectively, but a positive predictive value between
90 and 100%, respectively””. Currently, the general consensus is
that the EIA for toxin A and B is too insensitive and is no longer
recommended as a stand-alone test''.

In 2006, the GDH assay was marketed as a CDI detection test. GDH
detects C. difficile cell-wall-associated antigen and has a reported
sensitivity of 100%. To its strength, GDH has a negative predictive
value approaching 100%, but with a positive predictive value of only
59%*. Tt has a rapid TAT, is widely available and affordable, and
has become an effective screening tool for CDI detection’’. GDH,
however, detects all C. difficile, including nontoxigenic strains, sub-
sequently lowering the specificity for the diagnosis of CDI*.

Given the high specificity of toxin A/B EIAs and the sensitivity of
GDH, several laboratories adopted a two-step algorithm for testing.
Referred to as a multistep approach, CDI testing begins with com-
mon antigen GDH. If GDH is found to be positive, the toxin A/B
assay is performed for the detection of direct toxin production®’.
GDH and EIA have subsequently been combined and marketed as a
single confirmatory test for CDI. The C. Diff QUIK CHEK Complete
assay (TechLab, Blacksburg, VA) combines GDH testing and toxin
testing using a toxin A/B EIA*. This assay takes about 30 minutes
to perform and has a built-in control. At least two publications dem-
onstrate sensitivities of 100% for the GDH portion of the test*>.
The combination of the two tests together in a step-wise process is
recognized as confirmation of CDI'>'°. Unfortunately, testing can
produce discordant results, which can be difficult to interpret, and

20,21

thus confirmation requires further diagnostic testing””

Further advancements in detection came in 2009 when NAATs for
CDI became commercially available”. The basis of NAATS is the
detection of toxigenic C. difficile strains based on DNA extrac-
tion from the stool’'. In general, the target of most NAATS is the
gene responsible for coding toxin B (tcdB gene)*". At this time,
there are nine US Food and Drug Administration (FDA)-approved
C. difficile NAATs. Six are polymerase chain reaction (PCR)-based
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assays and three are isothermal assays. The assays have sensitivities
ranging from 80 to 100%, specificities ranging from 87 to 99%,
and all have rapid TATs. NAATSs have quickly become popular, and
in many laboratories they have become a stand-alone approach for
the diagnosis of CDI*'*”. NAATs have also been shown to lead to a
more rapid diagnosis when compared to GDH and EIA*'. There are
some data showing earlier detection has led to fewer CDI-related
complications, such as intensive care unit admission, colectomy,
and death’. However, NAATSs have been criticized for being overly
sensitive, and their use as a stand-alone test has been controver-
sially linked to elevated reported incidence rates of CDI’*"*. False
positives can occur with NAATS, as they do not detect the presence
of biologically active toxin in stool specimens and can detect only
the genes responsible for potential toxin production. This has led
many to believe that over-diagnosis of colonized C. difficile patients
is occurring and that NAATSs have increased antibiotic treatment for

20,32

possible colonized states or limited infections'**"*.

The best standard laboratory test for the diagnosis of CDI has not
yet been defined; however, recent clinical guidelines on this topic
have been published by the Society for Healthcare Epidemiology
of America (SHEA), the Infectious Diseases Society of America
(IDSA)", the American College of Gastroenterology (ACG)',
and the United Kingdom National Health Service”. In the United
States, the ACG recommends the use of the NAAT as the best test
for CDI diagnosis, either as a stand-alone test or as part of a mul-
tistep testing algorithm. The ACG also states GDH testing can be
used in a two- to three-step algorithm that includes subsequent toxin
A/B EIA testing'®. The IDSA recommends a two-step method that
uses GDH as initial screening followed by the CTN or TC as a con-
firmatory test. The IDSA recognizes the potential value of NAATS;
however, it does not currently recommend these tests in the diagno-
sis of CDI, citing more data on utility is necessary'’. In the United
Kingdom, guidelines recommend a combination of two tests, the
first of which should be a NAAT or GDH followed by a toxin EIA
test”. All guidelines make a significant contribution to clinical deci-
sion making, but recent updates should also be considered when
choosing testing and treatment.

Update in treatment of CDI

There has recently been much research in the field of CDI treat-
ment. New medications and novel therapy highlight the progression
made. The first step in treating CDI is to stop the offending antibi-
otic when possible. Although it is difficult in the age of polyphar-
macy to accurately quantify the association between antibiotics and
CDI, most studies have determined a link between prior exposure to
antimicrobial agents and CDI'*'*. Medical treatment of CDI varies
based on a graded severity scale and whether it is the first occurrence
or recurrence of the disease. Severity is usually defined by factors
such as age, temperature, serum albumin, and white blood cell count.
Guidelines recommend the use of metronidazole 500 mg orally three
times per day for 10-14 days for initial mild to moderate disease,
and vancomycin 125 mg orally four times per day for 10-14 days
for initial severe disease'>'**. The evidence for these guidelines is
supported by Zar et al’s randomized, prospective, double-blind,
placebo-controlled trial, showing vancomycin to be superior to met-
ronidazole in curing severe cases of CDI (97% vs. 76% of patients
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respectively, p=0.02)*. In patients with mild disease, cure rates
were similar in the two treatment groups®. Another study compar-
ing treatment of CDI with vancomycin or metronidazole in patients
risk-stratified by infection severity showed significantly less
treatment-refractory disease after treatment with vancomycin in
severe cases of CDI (32% refractory disease in pre-implementation
phase vs. 15% in post-implementation phase, p=0.035)*. Additionally,
in another randomized control trial, vancomycin was found to be
superior to metronidazole in terms of clinical success and cure rates
in patients with severe CDI (88% vs. 77% in the vancomycin and
metronidazole groups, respectively)®’.

There is a high risk of recurrence associated with CDI. Studies
show that up to 25-30% of patients appropriately treated for CDI
experience at least one additional episode'**'. Recurrence com-
prises both episodes of relapse with infection by the current strain
and reinfection by a new strain, and it remains difficult to distin-
guish between the two infections***. Treatment of the first episode
of recurrence is usually with the same antibiotic used to treat the
initial episode; however, treatment should also be guided by CDI
severity if there is a significant change. To help combat the increas-
ing burden of recurrence, the FDA approved fidaxomicin (FDX) for
the treatment of CDI in 2011. FDX is a non-absorbed macrolide
antibiotic effective against Gram-positive anaerobes but with no
effect against bacteroides, a prominent constituent of the intesti-
nal flora. Unlike metronidazole and vancomycin, which both have
activity against bacteroides, FDX is thought to have some intestinal
microbiota-sparing effect*’. FDX has been shown to be superior in
the prevention of recurrence of CDI**. A large randomized control
trial comparing FDX to vancomycin demonstrated a lower rate of
recurrence in the FDX group*-*. In another randomized double-
blind trial comparing FDX to vancomycin, clinical response rates
were similar in the treatment of a first recurrence of CDI; however,
FDX was shown to be more likely to prevent a second recurrence*.
There are concerns about the cost of FDX, as it is nearly 10-times
more expensive than current standard oral vancomycin®’. However,
arecent study assessed the economic impact of treatment with FDX
compared to oral vancomycin and showed an overall cost benefit in
patients treated with FDX*. Patients treated with FDX had lower
rates of recurrence, lower rates of hospital readmission, and shorter
hospital stays, resulting in an overall saving of $3047 per patient
treated with FDX". Although this study has its limitations, it pro-
motes further advancements in the future of CDI treatment with
reduced rates of recurrence.

One existing concept for the treatment of CDI that is gaining
popularity is bacteriotherapy with fecal microbiota transplanta-
tion (FMT). FMT has been shown to be an effective treatment for
recurrent CDI”. Stool from a healthy donor in the form of a liquid
suspension has traditionally been transplanted into the patient’s
gastrointestinal tract. This can be performed through a variety of
routes including nasogastric tube, nasojejunal tube, upper endoscopy,
colonoscopy, or enema, with similar success rates*'. The rationale
for FMT is to restore a healthier intestinal microbiota in patients
with recurrent CDI who have disrupted intestinal flora and decreased
microbiota diversity from antibiotic therapy*. FMT was previously
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considered a therapy of last resort for CDI; however, there has been
significant research and interest in FMT, and it is becoming more
widely practiced’ . A case series of 12 patients with recurrent
CDI treated with FMT demonstrated a 100% cure rate*’. Another
case series of 18 patients demonstrated a 94% cure rate in the
16 surviving patients®.

A randomized control trial in 2013 compared FMT with donor
feces solution transmitted via nasoduodenal tube preceded by four
doses of vancomycin and bowel lavage vs. standard vancomycin
with and without bowel lavage®. This study showed resolution
of diarrhea in 81% of patients after the first FMT and in 94% of
patients overall, as two patients were subsequently cured after sec-
ond infusion of donor feces. Comparatively, only 31% of patients
in the vancomycin alone group and 23% in the vancomycin with
bowel lavage group had resolution of diarrhea®. Adverse events
included diarrhea (94%) immediately after donor-feces infusion, as
well as cramping (31%), constipation (19%), and belching (19%).
No persistent adverse events related to FMT were noted. The most
recent and largest systematic review with meta-analysis in 2015 of
FMT studies, involving 18 observational studies with 611 patients,
showed a primary cure rate of 91.2% (95% confidence interval [CI]
86.7-94.8%). The overall recurrence rate of CDI was 5.5% (95% CI
2.2-10.3%). The early recurrence rate and late recurrence rate were
2.7% (95% CI 0.7-6.0%) and 1.7% (95% CI 0.4-4.2%), respec-
tively. Most adverse events were expected, short-lived, self-limited,
and manageable’’. These studies seem to show that FMT is a highly
effective therapy for recurrent CDI.

Another advancement has been the use of probiotics to prevent the
development of CDI. Since antibiotics disturb the natural intesti-
nal flora, leading to susceptibility to infection from C. difficile, a
treatment which prevents alteration of the natural intestinal micro-
biome is theorized to help prevent CDI*. The use of lactobacillus
has been shown to reduce diarrheal symptoms and reduce the risk of
CDI in hospitalized patients on antibiotics™. A large meta-analysis
(Cochrane review) composed of 23 randomized controlled trials
with 4213 patients showed a significant relative risk reduction in
the incidence of C. difficile-associated diarrhea in patients treated
with probiotics™. In contrast, a large prospective randomized con-
trol trial composed of 3981 patients compared the incidence of
antibiotic-associated diarrhea, including C. difficile-associated
diarrhea, in patients receiving probiotics compared to a placebo
group and found similar incidences of antibiotic-associated diarrhea
in the probiotic and placebo groups™. Overall, strong evidence to
support the use of probiotic use in the treatment or prevention of
CDl is lacking. However, given the overall low cost and lack of sig-
nificant side effects with probiotics, they are often used to attempt
prevention of CDI in patients prescribed antibiotics.

In summary, many recent efforts and advancements have been made
in the diagnosis and treatment of CDI. Rapid and accurate detec-
tion of CDI has improved significantly, but possibly at the cost of
over-diagnosis. There is still no uniform agreement regarding the
best means of diagnosing CDI. Also, when discordant results occur
with testing, this may lead to confusion regarding therapy. Future
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treatment of CDI seems promising, as recent advancements in
newer antibiotic therapy and FMT have been shown to more effec-
tively treat CDI, especially in terms of lowering rates of recurrence
and also in the treatment of recurrent infection. With the rising bur-
den of CDI, continued research in diagnostic testing and treatment
is needed to combat this significant health care problem.

Abbreviations

CDI: Clostridium difficile infection
CI: confidence interval

CTN: cytotoxin neutralization test

EIA: enzyme immunoassay

References

F1000Research 2016, 5(F1000 Faculty Rev):118 Last updated: 16 FEB 2016

FMT: fecal microbiota transplantation
GDH: glutamate dehydrogenase
NAAT: nucleic acid amplification test

TAT: turn around time

Competing interests
The authors declare that they have no competing interests.

Grant information

The author(s) declared that no grants were involved in supporting
this work.

F1000 recommended

1. Magill SS, Edwards JR, Bamberg W, et al.: Multistate point-prevalence survey
of health care-associated infections. N Engl J Med. 2014; 370(13): 1198-208.
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

2. Kyne L, Warny M, Qamar A, et al.: Asymptomatic carriage of Clostridium difficile
and serum levels of IgG antibody against toxin A. N Engl/ J Med. 2000; 342(6):
390-7.

PubMed Abstract | Publisher Full Text

3. Lo Vecchio A, Zacur GM: Clostridium difficile infection: an update on
epidemiology, risk factors, and therapeutic options. Curr Opin Gastroenterol.
2012; 28(1): 1-9.
PubMed Abstract | Publisher Full Text

4. Centers for Disease Control and Prevention (CDC): Vital signs: preventing
Clostridium difficile infections. MMWR Morb Mortal Wkly Rep. 2012; 61(9): 157—-62.
PubMed Abstract

5. Lucado J, Gould C, Elixhauser A: Clostridium difficile Infections (CDI) in Hospital
Stays, 2009. HCUP Statistical Brief #124. Agency for Healthcare Research and
Quality, Rockville, MD. 2012.

Reference Source

6. Dubberke ER, Olsen MA: Burden of Clostridium difficile on the healthcare
system. Clin Infect Dis. 2012; 55(Suppl 2): S88-92.
PubMed Abstract | Publisher Full Text | Free Full Text

7. E Longtin Y, Trottier S, Brochu G, et al.: Impact of the type of diagnostic
assay on Clostridium difficile infection and complication rates in a mandatory
reporting program. Clin Infect Dis. 2013; 56(1): 67—73.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

8. Moehring RW, Lofgren ET, Anderson DJ: Impact of change to molecular
testing for Clostridium difficile infection on healthcare facility-associated
incidence rates. Infect Control Hosp Epidemiol. 2013; 34(10): 1055-61.

PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

9. Fong KS, Fatica C, Hall G, et al.: Impact of PCR testing for Clostridium difficile
on incident rates and potential on public reporting: is the playing field level?
Infect Control Hosp Epidemiol. 2011; 32(9): 932-3.

PubMed Abstract | Publisher Full Text

10. Koo HL, Van JN, Zhao M, et al.: Real-time polymerase chain reaction
detection of asymptomatic Clostridium difficile colonization and rising C.
difficile-associated disease rates. Infect Control Hosp Epidemiol. 2014; 35(6):
667-73.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

11.  Iv EC, lii EC, Johnson DA: Clinical update for the diagnosis and treatment of
Clostridium difficile infection. World J Gastrointest Pharmacol Ther. 2014; 5(1):
1-26.
PubMed Abstract | Publisher Full Text | Free Full Text

12.  Hensgens MP, Goorhuis A, Dekkers OM, et al.: Time interval of increased risk
for Clostridium difficile infection after exposure to antibiotics. J Antimicrob
Chemother. 2012; 67(3): 742-8.
PubMed Abstract | Publisher Full Text

13. Riley TV: Antibiotic-associated diarrhoea. A costly problem.
Pharmacoeconomics. 1996; 10(1): 1-3.
PubMed Abstract | Publisher Full Text

14.  Pépin J, Valiquette L, Alary ME, et al.: Clostridium difficile-associated diarrhea in
a region of Quebec from 1991 to 2003: a changing pattern of disease severity.
CMAJ. 2004; 171(5): 466-72.

PubMed Abstract | Publisher Full Text | Free Full Text

15.  Cohen SH, Gerding DN, Johnson S, et al.: Clinical practice guidelines for
Clostridium difficile infection in adults: 2010 update by the society for
healthcare epidemiology of America (SHEA) and the infectious diseases
society of America (IDSA). Infect Control Hosp Epidemiol. 2010; 31(5): 431-55.
PubMed Abstract | Publisher Full Text

16.  Surawicz CM, Brandt LI, Binion DG, et al.: Guidelines for diagnosis, treatment,
and prevention of Clostridium difficile infections. Am J Gastroenterol. 2013;
108(4): 478-98; quiz 499.

PubMed Abstract | Publisher Full Text

17. Bagdasarian N, Rao K, Malani PN: Diagnosis and treatment of Clostridium
difficile in adults: a systematic review. JAMA. 2015; 313(4): 398—-408.
PubMed Abstract | Publisher Full Text

18. Boland GW, Lee MJ, Cats AM, et al.: Antibiotic-induced diarrhea: specificity
of abdominal CT for the diagnosis of Clostridium difficile disease. Radiology.
1994; 191(1): 103-6.
PubMed Abstract | Publisher Full Text

19. Bartlett JG: Clinical practice. Antibiotic-associated diarrhea. N Engl J Med.
2002; 346(5): 334-9.
PubMed Abstract | Publisher Full Text

20. Polage CR, Gyorke CE, Kennedy MA, et al.: Overdiagnosis of Clostridium
difficile Infection in the Molecular Test Era. JAMA Intern Med. 2015; 175(11):
1792-801.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

21.  Gilligan PH: Optimizing the Laboratory Diagnosis of Clostridium difficile
Infection. Clin Lab Med. 2015; 35(2): 299-312.

PubMed Abstract | Publisher Full Text

22.  Lyerly DM, Krivan HC, Wilkins TD: Clostridium difficile: its disease and toxins.
Clin Microbiol Rev. 1988; 1(1): 1-18.
PubMed Abstract | Free Full Text

23. Chang TW, Lin PS, Gorbach SL, et al.: Ultrastructural changes of cultured
human amnion cells by Clostridiu difficile toxin. Infect Immun. 1979; 23(3):
795-8.

PubMed Abstract | Free Full Text

24. George WL, Sutter VL, Citron D, et al.: Selective and differential medium for
isolation of Clostridium difficile. J Clin Microbiol. 1979; 9(2): 214-9.
PubMed Abstract | Free Full Text

25. Fenner L, Widmer AF, Goy G, et al.: Rapid and reliable diagnostic algorithm
for detection of Clostridium difficile. J Clin Microbiol. 2008; 46(1): 328—-30.
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

26. Ticehurst JR, Aird DZ, Dam LM, et al.: Effective detection of toxigenic
Clostridium difficile by a two-step algorithm including tests for antigen and
cytotoxin. J Clin Microbiol. 2006; 44(3): 1145-9.

PubMed Abstract | Publisher Full Text | Free Full Text

27. Quinn CD, Sefers SE, Babiker W, et al.: C. Diff Quik Chek complete enzyme
immunoassay provides a reliable first-line method for detection of Clostridium
difficile in stool specimens. J Clin Microbiol. 2010; 48(2): 603-5.

PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

28. Swindells J, Brenwald N, Reading N, et al.: Evaluation of diagnostic tests for
Clostridium difficile infection. J Clin Microbiol. 2010; 48(2): 606-8.

PubMed Abstract | Publisher Full Text | Free Full Text

29. SuW, Mercer J, Van Hal SJ, et al.: Clostridium difficile testing: have we got it
right? J Clin Microbiol. 2013; 51(1): 377-8.
PubMed Abstract | Publisher Full Text | Free Full Text

Page 6 of 8


http://f1000.com/prime/718326530
http://www.ncbi.nlm.nih.gov/pubmed/24670166
http://dx.doi.org/10.1056/NEJMoa1306801
http://www.ncbi.nlm.nih.gov/pmc/articles/4648343
http://f1000.com/prime/718326530
http://www.ncbi.nlm.nih.gov/pubmed/10666429
http://dx.doi.org/10.1056/NEJM200002103420604
http://www.ncbi.nlm.nih.gov/pubmed/22134217
http://dx.doi.org/10.1097/MOG.0b013e32834bc9a9
http://www.ncbi.nlm.nih.gov/pubmed/22398844
http://www.hcup-us.ahrq.gov/reports/statbriefs/sb124.pdf
http://www.ncbi.nlm.nih.gov/pubmed/22752870
http://dx.doi.org/10.1093/cid/cis335
http://www.ncbi.nlm.nih.gov/pmc/articles/3388018
http://f1000.com/prime/724518575
http://www.ncbi.nlm.nih.gov/pubmed/23011147
http://dx.doi.org/10.1093/cid/cis840
http://f1000.com/prime/724518575
http://f1000.com/prime/718104610
http://www.ncbi.nlm.nih.gov/pubmed/24018922
http://dx.doi.org/10.1086/673144
http://www.ncbi.nlm.nih.gov/pmc/articles/3967243
http://f1000.com/prime/718104610
http://www.ncbi.nlm.nih.gov/pubmed/21828981
http://dx.doi.org/10.1086/661789
http://f1000.com/prime/718376624
http://www.ncbi.nlm.nih.gov/pubmed/24799643
http://dx.doi.org/10.1086/676433
http://f1000.com/prime/718376624
http://www.ncbi.nlm.nih.gov/pubmed/24729930
http://dx.doi.org/10.4292/wjgpt.v5.i1.1
http://www.ncbi.nlm.nih.gov/pmc/articles/3951810
http://www.ncbi.nlm.nih.gov/pubmed/22146873
http://dx.doi.org/10.1093/jac/dkr508
http://www.ncbi.nlm.nih.gov/pubmed/10160466
http://dx.doi.org/10.2165/00019053-199610010-00001
http://www.ncbi.nlm.nih.gov/pubmed/15337727
http://dx.doi.org/10.1503/cmaj.1041104
http://www.ncbi.nlm.nih.gov/pmc/articles/514643
http://www.ncbi.nlm.nih.gov/pubmed/20307191
http://dx.doi.org/10.1086/651706
http://www.ncbi.nlm.nih.gov/pubmed/23439232
http://dx.doi.org/10.1038/ajg.2013.4
http://www.ncbi.nlm.nih.gov/pubmed/25626036
http://dx.doi.org/10.1001/jama.2014.17103
http://www.ncbi.nlm.nih.gov/pubmed/8134552
http://dx.doi.org/10.1148/radiology.191.1.8134552
http://www.ncbi.nlm.nih.gov/pubmed/11821511
http://dx.doi.org/10.1056/NEJMcp011603
http://f1000.com/prime/725774856
http://www.ncbi.nlm.nih.gov/pubmed/26348734
http://dx.doi.org/10.1001/jamainternmed.2015.4114
http://f1000.com/prime/725774856
http://www.ncbi.nlm.nih.gov/pubmed/26004644
http://dx.doi.org/10.1016/j.cll.2015.02.003
http://www.ncbi.nlm.nih.gov/pubmed/3144429
http://www.ncbi.nlm.nih.gov/pmc/articles/358025
http://www.ncbi.nlm.nih.gov/pubmed/457259
http://www.ncbi.nlm.nih.gov/pmc/articles/414235
http://www.ncbi.nlm.nih.gov/pubmed/429542
http://www.ncbi.nlm.nih.gov/pmc/articles/272994
http://f1000.com/prime/720120594
http://www.ncbi.nlm.nih.gov/pubmed/18032627
http://dx.doi.org/10.1128/JCM.01503-07
http://www.ncbi.nlm.nih.gov/pmc/articles/2224300
http://f1000.com/prime/720120594
http://www.ncbi.nlm.nih.gov/pubmed/16517916
http://dx.doi.org/10.1128/JCM.44.3.1145-1149.2006
http://www.ncbi.nlm.nih.gov/pmc/articles/1393084
http://f1000.com/prime/720119175
http://www.ncbi.nlm.nih.gov/pubmed/19955275
http://dx.doi.org/10.1128/JCM.01614-09
http://www.ncbi.nlm.nih.gov/pmc/articles/2815622
http://f1000.com/prime/720119175
http://www.ncbi.nlm.nih.gov/pubmed/20032256
http://dx.doi.org/10.1128/JCM.01579-09
http://www.ncbi.nlm.nih.gov/pmc/articles/2815642
http://www.ncbi.nlm.nih.gov/pubmed/23100357
http://dx.doi.org/10.1128/JCM.02189-12
http://www.ncbi.nlm.nih.gov/pmc/articles/3536233

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Burnham CD, Carroll KC: Diagnosis of Clostridium difficile infection: an ongoing
conundrum for clinicians and for clinical laboratories. Clin Microbiol Rev. 2013;
26(3): 604-30.

PubMed Abstract | Publisher Full Text | Free Full Text

Humphries RM, Uslan DZ, Rubin Z: Performance of Clostridium difficile toxin
enzyme immunoassay and nucleic acid amplification tests stratified by patient
disease severity. J Clin Microbiol. 2013; 51(3): 869-73.

PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

Planche TD, Davies KA, Coen PG, et al.: Differences in outcome according to
Clostridium difficile testing method: a prospective multicentre diagnostic
validation study of C difficile infection. Lancet Infect Dis. 2013; 13(11): 936—45.
PubMed Abstract | Publisher Full Text | Free Full Text

Advisory Committee on Antimicrobial Resistance and Healthcare Associated
Infections: Updated guidance on the diagnosis and reporting of Clostridium
difficile. United Kingdom: National Health Service, 2012.

Reference Source

Cornely OA, Miller MA, Louie TJ, et al.: Treatment of first recurrence of
Clostridium difficile infection: fidaxomicin versus vancomycin. Clin Infect Dis.
2012; 55(Suppl 2): S154-61.

PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

Zar FA, Bakkanagari SR, Moorthi KM, et al.: A comparison of vancomycin
and metronidazole for the treatment of Clostridium difficile-associated
diarrhea, stratified by disease severity. Clin Infect Dis. 2007; 45(3): 302—-7.
PubMed Abstract | Publisher Full Text | F1000 Recommendation

Jardin CG, Palmer HR, Shah DN, et al.: Assessment of treatment patterns
and patient outcomes before vs after implementation of a severity-based
Clostridium difficile infection treatment policy. J Hosp Infect. 2013; 85(1): 28-32.
PubMed Abstract | Publisher Full Text | F1000 Recommendation

Johnson S, Louie TJ, Gerding DN, et al.: Vancomycin, metronidazole, or
tolevamer for Clostridium difficile infection: results from two multinational,
randomized, controlled trials. Clin Infect Dis. 2014; 59(3): 345-54.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

Barbut F, Jones G, Eckert C: Epidemiology and control of Clostridium difficile
infections in healthcare settings: an update. Curr Opin Infect Dis. 2011; 24(4):
370-6.

PubMed Abstract | Publisher Full Text

Louie TJ, Miller MA, Mullane KM, et al.: Fidaxomicin versus vancomycin for
Clostridium difficile infection. N Engl J Med. 2011; 364(5): 422-31.
PubMed Abstract | Publisher Full Text | F1000 Recommendation

Gallagher JC, Reilly JP, Navalkele B, et al.: Clinical and economic benefits
of fidaxomicin compared to vancomycin for Clostridium difficile infection.

F1000Research 2016, 5(F1000 Faculty Rev):118 Last updated: 16 FEB 2016

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Antimicrob Agents Chemother. 2015; 59(11): 7007-10.
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

Cammarota G, laniro G, Gasbarrini A: Fecal microbiota transplantation
for the treatment of Clostridium difficile infection: a systematic review. J Clin
Gastroenterol. 2014; 48(8): 693-702.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

Kelly CR, Kahn S, Kashyap P, et al.: Update on Fecal Microbiota Transplantation
2015: Indications, Methodologies, Mechanisms, and Outlook. Gastroenterology.
2015; 149(1): 223-37.

PubMed Abstract | Publisher Full Text

Dupont HL: Diagnosis and management of Clostridium difficile infection.

Clin Gastroenterol Hepatol. 2013; 10(10): 1216-23; quiz e73.

PubMed Abstract | Publisher Full Text

Yoon SS, Brandt LI: Treatment of refractory/recurrent C. difficile-associated
disease by donated stool transplanted via colonoscopy: a case series of 12
patients. J Clin Gastroenterol. 2010; 44(8): 562—6.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

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. 2003; 36(5): 580-5.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

van Nood E, Vrieze A, Nieuwdorp M, et al.: Duodenal infusion of donor feces
for recurrent Clostridium difficile. N Engl J Med. 2013; 368(5): 407—15.
PubMed Abstract | Publisher Full Text | F1000 Recommendation

Li YT, Cai HF, Wang ZH, et al.: Systematic review with meta-analysis:
long-term outcomes of faecal microbiota transplantation for Clostridium
difficile infection. Aliment Pharmacol Ther. 2016; 43(4): 445-57.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

Johnston BC, Goldenberg JZ, Guyatt GH: Probiotics for the prevention of
Clostridium difficile-associated diarrhea. In response. Ann Intern Med. 2013;
158(9): 706-7.

PubMed Abstract | Publisher Full Text

Goldenberg JZ, Ma SS, Saxton JD, et al.: Probiotics for the prevention of
Clostridium difficile-associated diarrhea in adults and children. Cochrane
Database Syst Rev. 2013; 5: CD006095.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

Allen SJ, Wareham K, Wang D, et al.: Lactobacilli and bifidobacteria in the
prevention of antibiotic-associated diarrhoea and Clostridium difficile diarrhoea
in older inpatients (PLACIDE): a randomised, double-blind, placebo-controlled,
multicentre trial. Lancet. 2013; 382(9900): 1249-57.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

Page 7 of 8


http://www.ncbi.nlm.nih.gov/pubmed/23824374
http://dx.doi.org/10.1128/CMR.00016-13
http://www.ncbi.nlm.nih.gov/pmc/articles/3719497
http://f1000.com/prime/720116703
http://www.ncbi.nlm.nih.gov/pubmed/23269736
http://dx.doi.org/10.1128/JCM.02970-12
http://www.ncbi.nlm.nih.gov/pmc/articles/3592059
http://f1000.com/prime/720116703
http://www.ncbi.nlm.nih.gov/pubmed/24007915
http://dx.doi.org/10.1016/S1473-3099(13)70200-7
http://www.ncbi.nlm.nih.gov/pmc/articles/3822406
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/215135/dh_133016.pdf
http://f1000.com/prime/717966059
http://www.ncbi.nlm.nih.gov/pubmed/22752865
http://dx.doi.org/10.1093/cid/cis462
http://www.ncbi.nlm.nih.gov/pmc/articles/3388030
http://f1000.com/prime/717966059
http://f1000.com/prime/1089970
http://www.ncbi.nlm.nih.gov/pubmed/17599306
http://dx.doi.org/10.1086/519265
http://f1000.com/prime/1089970
http://f1000.com/prime/718036878
http://www.ncbi.nlm.nih.gov/pubmed/23834988
http://dx.doi.org/10.1016/j.jhin.2013.04.017
http://f1000.com/prime/718036878
http://f1000.com/prime/718375455
http://www.ncbi.nlm.nih.gov/pubmed/24799326
http://dx.doi.org/10.1093/cid/ciu313
http://f1000.com/prime/718375455
http://www.ncbi.nlm.nih.gov/pubmed/21505332
http://dx.doi.org/10.1097/QCO.0b013e32834748e5
http://f1000.com/prime/8445961
http://www.ncbi.nlm.nih.gov/pubmed/21288078
http://dx.doi.org/10.1056/NEJMoa0910812
http://f1000.com/prime/8445961
http://f1000.com/prime/725760463
http://www.ncbi.nlm.nih.gov/pubmed/26324268
http://dx.doi.org/10.1128/AAC.00939-15
http://www.ncbi.nlm.nih.gov/pmc/articles/4604404
http://f1000.com/prime/725760463
http://f1000.com/prime/718244278
http://www.ncbi.nlm.nih.gov/pubmed/24440934
http://dx.doi.org/10.1097/MCG.0000000000000046
http://f1000.com/prime/718244278
http://www.ncbi.nlm.nih.gov/pubmed/25982290
http://dx.doi.org/10.1053/j.gastro.2015.05.008
http://www.ncbi.nlm.nih.gov/pubmed/23542332
http://dx.doi.org/10.1016/j.cgh.2013.03.016
http://f1000.com/prime/721412236
http://www.ncbi.nlm.nih.gov/pubmed/20463588
http://dx.doi.org/10.1097/MCG.0b013e3181dac035
http://f1000.com/prime/721412236
http://f1000.com/prime/1011699
http://www.ncbi.nlm.nih.gov/pubmed/12594638
http://dx.doi.org/10.1086/367657
http://f1000.com/prime/1011699
http://f1000.com/prime/717971425
http://www.ncbi.nlm.nih.gov/pubmed/23323867
http://dx.doi.org/10.1056/NEJMoa1205037
http://f1000.com/prime/717971425
http://f1000.com/prime/726008028
http://www.ncbi.nlm.nih.gov/pubmed/26662643
http://dx.doi.org/10.1111/apt.13492
http://f1000.com/prime/726008028
http://www.ncbi.nlm.nih.gov/pubmed/23648957
http://dx.doi.org/10.7326/0003-4819-158-9-201305070-00019
http://f1000.com/prime/718026239
http://www.ncbi.nlm.nih.gov/pubmed/23728658
http://dx.doi.org/10.1002/14651858.CD006095.pub3
http://f1000.com/prime/718026239
http://f1000.com/prime/718063029
http://www.ncbi.nlm.nih.gov/pubmed/23932219
http://dx.doi.org/10.1016/S0140-6736(13)61218-0
http://f1000.com/prime/718063029

FIOOOResearch F1000Research 2016, 5(F1000 Faculty Rev):118 Last updated: 16 FEB 2016

Open Peer Review

Current Referee Status: l_ J [_ J [_ J

Editorial Note on the Review Process

F1000 Faculty Reviews are commissioned from members of the prestigious F1000 Faculty and are edited as a
service to readers. In order to make these reviews as comprehensive and accessible as possible, the referees
provide input before publication and only the final, revised version is published. The referees who approved the
final version are listed with their names and affiliations but without their reports on earlier versions (any comments
will already have been addressed in the published version).

The referees who approved this article are:

1 Vincent Young, University of Michigan, Ann Arbor, MI, USA
Competing Interests: No competing interests were disclosed.

2 Glen Tillotson, Cempra Pharmaceuticals Inc, Chapel Hill, NC, USA
Competing Interests: No competing interests were disclosed.

3 Kevin Garey, Department of Pharmacy Practice and Translational Research, University of Houston College
of Pharmacy, Houston, TX, USA
Competing Interests: No competing interests were disclosed.

Page 8 of 8


http://f1000research.com/channels/f1000-faculty-reviews/about-this-channel
http://f1000.com/prime/thefaculty

