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Abstract In recent years, significant advances in the treatment of Clostridium difficile infec-
tion (CDI) have risen. We review the most relevant updated recommendations in the current
standard of care of CDI and discuss emerging therapies, including antibiotic, alternative thera-
pies (probiotics, toxin-binding resins, immunotherapy) and new data on fecal transplantation.
Upcoming surgical options and other rescue therapies for severe refractory disease are also
addressed.

Although oral metronidazole is a first-line therapy for non-severe CDI, emerging data have
demonstrated its inferiority relatively to vancomycin, particularly in the setting of recurrent
and/or severe infection. After a CDI recurrence for the first time, fidaxomicin has been shown
to be associated with lower likelihood of CDI recurrence compared to vancomycin. Fecal trans-
plantation is now strongly recommended for multiple recurrent CDI and may have a role in
refractory disease. Oral, frozen stool capsules may simplify fecal transplantation in the future,
with preliminary promising results. Diverting loop ileostomy combined with colonic lavage is a
potential alternative to colectomy in severe complicated CDI. Potential alternative therapies
requiring further investigation include toxin-binding resins and immunotherapy.
© 2015 Sociedade Portuguesa de Gastrenterologia. Published by Elsevier España, S.L.U.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
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Avanços no Tratamento da Infecção por Clostridium Difficile: Update em 2015

Resumo Nos últimos anos surgiram várias novidades no tratamento da infecção porClostridium
difficile. Os autores apresentam as principais recomendações actuais para o tratamento desta
infecção e discutem as terapêuticas emergentes, nomeadamente a antibioterapia, terapêu-
ticas alternativas (probióticos, resinas ligadoras de toxinas e imunoterapia) e novos dados
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sobre transplante fecal. São também abordadas a terapêutica cirúrgica e outras terapêuticas
de resgate para a doença refractária.

Embora o metronidazol per os seja a terapêutica de primeira-linha na doença ligeira a moder-
ada, dados recentes demonstram a sua inferioridade em relação à vancomicina, nomeadamente
na infecção grave e/ou recorrente. Após um primeiro episódio de recidiva, a fidaxomixina
mostrou associar-se a menor risco de novas recorrências comparativamente à vancomicina.
O transplante fecal é actualmente recomendado na doença com múltiplas recidivas e poderá
ter um papel na doença refractária Cápsulas de fezes congeladas, administradas por via oral,
podem simplificar este procedimento, tendo apresentado resultados promissores. A ileostomia
de derivação combinada com limpeza/descontaminação cólica é uma potencial alternativa à
colectomia na doença grave complicada. Terapêuticas alternativas como as resinas ligadoras
de toxinas e a imunoterapia estão ainda em investigação.
© 2015 Sociedade Portuguesa de Gastrenterologia. Publicado por Elsevier España, S.L.U.
Este é um artigo Open Access sob a licença de CC BY-NC-ND (http://creativecommons.org/
licenses/by-nc-nd/4.0/).

1. Introduction

In the past decade, there has been an alarming increase
in the incidence and severity of Clostridium difficile infec-
tion (CDI), including recurrent and refractory disease, with
inherent increase in morbidity, mortality and costs.1 Signifi-
cant advances in the treatment of CDI have recently risen.2,3

Recent data on antibiotic therapy, fecal transplantation,
alternative non-antibiotic therapies (such as toxin-binding
resins and immunotherapy) and surgery for severe disease,
have expanded the potential fields of research and led to
significant changes in the current standard of care.2,3 The
most relevant clinical guidelines on CDI treatment issued
in the last two years were from the American College of
Gastroenterology (ACG) in 20132 and the European Society
of Clinical Microbiology and Infectious Diseases (ESCMID) in
2014.3 In the present review we discuss the most relevant
updated guidelines and emerging promising treatments for
CDI, namely:

1. New data on antibiotic therapy: current factors that
determine the antibiotic choice and new upcoming
options.

2. The rising promise of fecal transplantation: clinical
indications, emerging techniques, clinical efficacy and
safety.

3. The current role of non-antibiotic alternative therapies:
probiotics, toxin-binding resins and immunotherapy.

4. New data on surgery for severe refractory disease and
the potential role of other rescue therapies.

2. Antibiotic therapy: how to choose? New
options?

Both the ACG2 and the ESCMID guidelines3 concerning antibi-
otic treatment for CDI were based on disease severity and
are summarized in Table 1. In the ESCMID guidelines,3 severe
CDI is defined as an episode of CDI with one or more signs
and symptoms of severe colitis or a complicated course of

disease (resulting in need for intensive care unit admission,
colectomy or death). Guideline parameters for severe CDI
include white blood cell count of >15,000 cell/�L, serum
albumin <3 g/dL, and/or a serum creatinine level >1.5 times
the premorbid level.2,3 Clostridium difficile infection in
patients with greater age (≥65 years), serious comorbidity,
or immunodeficiency may also be considered risk factors for
severe course.3 However, the definition for severe CDI is not
consensual and is variable among studies.2,3 For the purposes
of the treatment decisions, determination of disease sever-
ity is left to clinician judgment and may include any or all
of these criteria.2,3

The two first-line antibiotics most often used to treat CDI
are metronidazol and vancomycin.2,3 Metronidazol has been
shown to be effective in inducing a clinical response in mild-
to-moderate CDI (90% vs. 98%, comparing to vancomycin),4

has lower cost and it is believed to carry lower vancomycin-
resistant enterococci selection risk.2 It is usually given orally
500 mg three times daily for 10 days. Since it has bil-
iary excretion and increased exudation across the intestinal
mucosa during CDI, it can also be administered intravenously
(500 mg every 8 h) in patients in whom oral therapy is not
feasible. There is increasing evidence of the emergency
of metronidazol-resistant strains of C. difficile,5 but larger
studies are needed to determine its clinical significance. In
patients with mild-to-moderate CDI who fail to respond to
metronidazol therapy within 5---7 days, it should be promptly
changed to vancomycin.2

Several studies have suggested that vancomycin is supe-
rior to metronidazol in achieving clinical success for all
patients (81.1% vs. 72.7%),6 particularly for those with
severe CDI (76% vs. 97%).4 Clinical success occurred in 4%,
8.3% and 12.2% more patients treated with vancomycin
compared to metronidazol for mild, moderate and severe
CDI, respectively.6 Therefore, oral metronidazol is usually
recommended for treatment of mild-to-moderate disease,
whereas oral vancomycin is generally preferred for treat-
ment of severe CDI. Vancomycin is usually given orally
125 mg four times daily for 10 days. The use of high doses
of vancomycin (500 mg four times daily) has been included
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Table 1 Recommendations from the ACG2 and the ESCMID3

for CDI treatment, according to disease severity.

CDI severity ACG Guidelines
(2013)2

ESCMID Guidelines
(2014)3

Mild-to-
moderate
disease

Metronidazol
500 mg PO tid 10
days
If unable to take
metronidazol or if
no improvement
in 5---7 days of
metronidazol
therapy:
vancomycin
125 mg PO qid 10
days

Metronidazol
500 mg PO tid 10
days
Alternatives:
- Vancomycin
125 mg PO qid 10
days
- Fidaxomicin
200 mg PO bid 10
days

Severe disease Vancomycin
125 mg PO qid 10
days

Vancomycin
125 mg PO qid 10
days
Alternative:
- Fidaxomicin
200 mg PO bid 10
days

Severe and
complicated
disease

Vancomycin
500 mg PO qid plus
metronidazol
500 mg IV 8/8 h
If ileus, toxic
colon or
significant
abdominal
distention:
vancomycin
500 mg in 500 ml
saline per rectum
qid

Vancomycin
125 mg PO qid 10
days
Alternative:
- Fidaxomicin
200 mg PO bid 10
days

Recurrent
disease

First recurrence:
repeat the same
antibiotic used for
the initial episode
(metronidazol or
vancomycin,
standard regimen)
Second recurrence:
pulsed or tapered
vancomycin
regimen (see text)
Third recurrence:
fecal microbiota
transplant plus
vancomycin (see
text)

First recurrence:
Vancomycin or
fidaxomicin
(standard regimen)
Second recurrence:
pulsed or tapered
vancomycin
regimen (see text)
or fidaxomicin
(standard
regimen)
Third recurrence:
fecal microbiota
transplant plus
vancomycin (see
text)

in the Infectious Diseases Society of America guidelines
(2010)7 for the management of severe complicated CDI.
However, doses of vancomycin higher than 125 mg four
times daily have not been shown to be more effective
than the standard dose.8 Therefore, there is insufficient
evidence to support the use of vancomycin doses greater

than 125 mg four times daily. Oral vancomycin is poorly
absorbed from the gastrointestinal tract (resulting in fewer
adverse effects) and luminal drug levels are high and remain
high throughout the antibiotic course. On the other hand,
because metronidazol is absorbed from the gastrointestinal
tract, luminal levels are dependent on the drug exudation
across the intestinal mucosa during CDI and decrease during
treatment as mucosal inflammation improves and diarrhea
resolves. Therefore, vancomycin pharmacokinetic proper-
ties are considered superior to those of metronidazol in
severe CDI. Although there is a theoretical risk of promoting
vancomycin-resistant enterococci with vancomycin, studies
have shown no differences in the colonization and trans-
mission rates of vancomycin-resistant enterococci between
vancomycin and metronidazol.9,10 In patients with severe
and complicated CDI, simultaneous use of metronidazol and
vancomycin is recommended (metronidazol 500 mg intra-
venous every 8 h plus vancomycin 125 mg orally four times
a day).2 In patients with ileus, toxic colon or significant
abdominal distention, vancomycin enema (500 mg in 500 ml
saline per rectum four times a day) should be added.2

Both metronidazol and vancomycin are broad-spectrum
antibiotics which cause significant disruption of the
commensal colonic microbiota. Oral fidaxomicin (200 mg
twice daily), recently approved for the treatment of CDI
(2011), has a narrow antimicrobial spectrum, leading to
less colonic microbiota disruption and is also less likely
to induce vancomycin-resistant enterococci and Candida
species.11,12 Fidaxomicin was not inferior to vancomycin for
initial cure of CDI, but no data are available on the effi-
cacy in severe complicated disease.13,14 In comparison with
vancomycin, fidaxomicin has been associated with lower
CDI recurrence rate (16.9---19.6% risk reduction).14 How-
ever, this superiority was only seen for CDI not caused
by NAP1/BI/027 strains.14 Because its cost is significantly
high, fidaxomicin is usually reserved for patients with severe
CDI who fail to respond to vancomycin. Oral teicoplanin
(100---200 mg twice daily), another recently approved antibi-
otic for CDI treatment (2013), has demonstrated CDI cure
rates similar to vancomycin.15 Like vancomycin, fidaxomicin
and teicoplanin are minimally absorbed from the gastroin-
testinal tract (resulting in few adverse effects). However,
further studies are needed to define the role of fidaxomicin
and teicoplanin in the CDI treatment algorithm.15

Patients with inflammatory bowel disease (IBD) are newly
recognized at an elevated risk for acquiring CDI and suffer-
ing adverse outcomes.2 In patients who have IBD with severe
colitis, simultaneous initiation of empiric therapy directed
against CDI (oral vancomycin, 125 mg four times per day) and
treatment of an IBD flare may be required while awaiting
results from C. difficile testing.2 Ongoing immunosuppres-
sion medications can be maintained in patients with CDI, but
escalation of the corticosteroid dose or initiation of anti-TNF
therapy probably should be avoided for 72 h after initiating
therapy for CDI.2

The management of recurrent CDI is a therapeutic chal-
lenge since there is no consistently effective therapy. In the
treatment of the first CDI recurrence, the overall clinical
success of vancomycin was higher compared to metronida-
zol (83.3% vs. 67.6%, respectively).6 Therefore, in the 2014
ESCMID guidelines,3 the use of vancomycin (or fidaxomicin,
standard regimen) has been recommended as the first-line
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therapy for first CDI recurrence (instead of metronidazol).
The second recurrence should be treated with a pulsed or
tapered vancomycin regimen (125 mg four times daily for
10 days, followed by 125---500 mg per day every 2---3 days
for at least 3 weeks --- pulsed regimen --- or followed by a
gradual reduction of the dose to 125 mg per day --- tapered
regimen) or with fidaxomicin (standard regimen).2,3 Pulsed
and tapered regimens seem to be more effective than con-
ventional vancomycin regimen (recurrence rate 14% vs. 31%
vs. 54%, respectively).16 If there are more than two CDI
recurrences, fecal transplantation should be strongly consid-
ered, combined with oral antibiotic treatment (vancomycin
500 mg orally four times daily, 4 days).3

New agents have been proposed for CDI treatment, such
as tigecycline and rifaximin, but more studies are required
to assess their efficacy.2,3 Intravenous tigecycline has been
described as a rescue therapy for patients with severe CDI
who fail to respond to vancomycin.17,18 Rifaximin is an oral,
non-absorbed antibiotic that has shown decreased incidence
of recurrent diarrhea, when given immediately after fin-
ishing standard anti-CDI antibiotics.19---21 However, a recent
randomized control trial did not find a decrease in CDI
recurrence with rifaximin22 and there is also concern about
possible emergence of rifaximin resistance.23

Other potential new antibiotics with promising results
in vitro and in animal models, but still requiring investi-
gation in humans, are rifalazil (an absorbable antibiotic
related to rifampin),24 ramoplanin (a non-absorbable antibi-
otic apparently effective on both vegetative and spore forms
of C. difficile)25 and REP3123 (a novel inhibitor of methionyl
tRNA synthetase, an enzyme which is required for bacte-
rial growth and toxin formation, highly selective for gram
positive bacteria).26

3. The rising promise of fecal transplantation:
from enemas to frozen capsules

Clostridium difficile colonizes and infects the intestinal
tract after the normal gut microbiome has been altered by
antibiotic therapy.1 Thus, the rationale for fecal transplan-
tation in CDI is the reestablishment of the normal bowel
flora. In 1958, Eiseman et al.27 performed the first fecal
microbiota transplantation (FMT) for pseudomembranous
enterocolitis, with promising results.

Recurrence is a main problem in CDI. Although most
patients respond to metronidazol or vancomycin, about 20%
have a recurrence.1 After the first recurrence, rates are
even higher, with some studies reporting an incidence of
subsequent recurrences up to 65%.16,28 Efficacy of FMT in
recurrent CDI had already been demonstrated in several case
reports and small series.29---31 A quick and sustained improve-
ment in symptoms and endoscopic findings usually occurs.31

In 2013, van Nood et al.32 published the first randomized
controlled trial (RCT) demonstrating that FMT is effective
(mostly in patients with multiple relapses), safe, logistically
manageable and superior to vancomycin for recurrent CDI.
Both the American (ACG, 2013)2 and the European (ESCMID,
2014)3 guidelines recommend FMT in multiple recurrent CDI
(more than two CDI recurrences), even if non-severe. In both
guidelines,2,3 FMT is not recommended for severe refractory
CDI, but recent data from case reports and small series have

shown favorable results.33---38 The ACG states that FMT should
be considered in patients with severe CDI without response
to antibiotics within two days and also in patients with non-
severe CDI refractory to antibiotics (namely vancomycin)
within one week.2

A FMT protocol is not yet established. Because FMT car-
ries a potential risk of transmission of infectious diseases,
donors’ history should be known and rigorous laboratory
tests should be performed. Table 2 summarizes absolute
contra-indications in donor selection for FMT, based on clin-
ical history and laboratory screening tests.39 Recipients are
also tested for HIV, hepatitis A, B and C and syphilis.39

Different routes of administration can be used in
FMT: nasogastric or nasoenteric tube, gastroduodenoscopy,
enema or colonoscopy. In upper delivery, smaller volumes
and slower infusion rates minimize the risk of aspiration.
Larger volumes seem to be associated with higher cure
rates.40 In the prospective RCT from van Nood et al.32, 500 ml
of suspended stool were administered during 20---30 min
through a nasoenteric tube, with high cure rates (81 and 94%
after 1 and 2 infusions, respectively). This route can have,
at least theoretically, the advantage of having no risk of per-
foration in severe/fulminant cases. Enemas are inexpensive
and easy to use, which allows self-administration. However,
enemas only reach the splenic flexure.41 In the colonoscopic
approach, the entire colon (and even terminal ileum) can be
infused with stool. This technique seems to have the higher
cure rates in non-controlled trials; however, only two studies

Table 2 Donor selection for FMT: screening for absolute
contra-indications, based on clinical history and laboratory
tests39.

Clinical history

Gastrointestinal comorbidities: chronic diarrhea,
constipation, IBD, colorectal polyps or cancer

Immunosuppressive medications or systemic antineoplastic
agents

Risk of infectious agent. Consider using American
Association of Blood Banks Donor History Questionnaire:
http://www.fda.gov/downloads/BiologicsBloodVaccines/
BloodBloodProducts/ApprovedProducts/LicensedProducts
BLAs/BloodDonorScreening/UCM213552.pdf

Within the past 3 months:
Antibiotics?
High-risk sexual behaviors?
Tattoos or body piercings?
History of incarceration?

Serologic tests Stool tests

Clostridium difficile toxin
HbsAg Stool culture
Anti-HBc IgG/IgM Stool ova and parasites
Anti-HAV IgM Giardia antigen
Anti-HCV Hp antigen
Anti-HIV types 1 and 2 Cryptosporidium antigen
VDRL Isospora (acid fast stain)

Rotavirus antigen

Abbreviations: Hp, Helicobacter pylori; IBD, inflammatory bowel
disease.
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compared it directly with other administration route and
one of them found no statistically significant difference in
clinical outcome.41 Larger head-to-head trials are needed.
Three other concerns need to be cleared: the role of bowel
cleansing (to reduce the density of C. difficile organisms),
loperamide and simultaneous/sequential antibiotic regimen
in improving or detracting the results.32,40---42

The amount of stool and the diluent are not standardized.
A non-bacteriostatic saline solution is more often used, but
tap water, milk and other diluents can be used without con-
sistent differences. Usually, 50---60 g of stool is suspended in
250---300 ml of diluent. Both fresh and frozen stool appar-
ently have excellent results.40,41,43

FMT appears to be safe. Reported adverse effects are
mainly mild and transient gastrointestinal symptoms. No
major complications have been reported.40,41 The procedure
seems to be safe even in immunocompromised patients.44

These encouraging results were repeatedly reported in
the last few decades. At the moment, FMT is doubtless a safe
and highly effective therapy. Even though there is only one
long-term follow-up study,31 it probably has lower long-term
recurrence rates than most of the antibiotic therapies.41

However this technique is not widely used, probably because
of three main reasons: (1) Lack of data from RCTs; (2) It is
esthetically unappealing; and (3) Processing of donor mate-
rial is logistically challenging and a standard protocol is not
defined.45

CDI is now a growing emergent infection, so it is urgent to
make larger trials and to know more about this highly effec-
tive therapy. The spread of stool donors bank will probably
facilitate the procedure.41 A recent prospective study using
frozen FMT capsules for recurrent and severe CDI showed
promising results: resolution of diarrhea was achieved in
70% of the patients after a single capsule-based FMT and the
remaining patients were re-treated, resulting in an overall
90% rate of clinical resolution of diarrhea.46 In the future,
the infusion of a combination of selected bacteria instead
of stool, namely by frozen capsules, can turn this treatment
more attractive to patients and physicians.46

4. Alternative (non-antibiotic) therapies: is
there a role for probiotics, toxin binding
resins or immunotherapy?

4.1. Probiotics

The clinical role of probiotics for CDI prevention and treat-
ment is still uncertain. Regarding the use of probiotics in
the prevention of CDI in adults and children receiving antibi-
otics, a 2012 meta-analysis47 and a 2013 Cochrane analysis48

concluded that there is moderate-quality evidence that
probiotic prophylaxis is safe and reduces CDI occurrence.
However, in a subsequent multicenter RCT (including 2941
elderly adults with antibiotic exposure), probiotics (a prepa-
ration of Lactobacillus acidophilus and Bifidobacterium
bifidum) were ineffective in CDI prevention.49 The strain,
dose and duration of probiotic use in the several studies var-
ied widely and further data are needed regarding probiotics
role in CDI prevention.

There is insufficient evidence to support administration
of probiotics as an adjunct to antibiotics, in the treatment of

CDI.2,3,50 There are several reports describing bacteremia or
fungemia attributed to probiotics administration in immuno-
compromised and critically ill patients.51 Use of probiotics
may be reasonable in patients with non-severe recurrent
disease, as long as there are no significant comorbidities.50

There is some evidence that probiotics may be beneficial
(reducing re-infection rate) in recurrent CDI, but not in the
initial episode of CDI.52 There is no data supporting a role
for probiotics in severe CDI.50

4.2. Toxin binding resins (cholestyramine,
colestipol and tolevamer)

In vitro and in vivo studies demonstrated that the abil-
ity of cholestyramine and colestipol to bind to C. difficile
toxins might support their use in the treatment of CD.53

However, cholestyramin and colestipol can also bind to van-
comycin, which can decrease its activity.53 Tovelamer is a
recently developed soluble high-molecular anionic polymer
that binds specifically to toxins A and B.54

a. Primary treatment in non-severe CDI: Colestipol has not
shown to be effective as primary treatment for CDI.55,56

Tovelamer, has been used in some RCTs as primary treat-
ment for initial non-severe CDI, but has shown to be less
effective than vancomycin or metronidazole.3,54,57

b. Adjunctive treatment in non-severe CDI: One study has
analyzed the association of vancomycin and colestipol
(tapered dose schedule) for relapsing infection, with pos-
itive results.58 However, the limited number of patients
is an important drawback of this study.58

c. Severe disease: To our knowledge, there are no avail-
able studies concerning the applicability of toxin binding
resins in severe CDI.

According to the ACG2 and the ESCMID3 guidelines, there
is not enough evidence supporting the use of toxin-binding
resins and polymers in the treatment of CDI.

4.3. Immunotherapy (intravenous immunoglobulin;
anti-toxin A and B monoclonal antibodies)

The immune response to C. difficile colonization, namely
anti-toxin A IgG serum levels, is a key factor for the sever-
ity and duration of CDI. One study has demonstrated that,
after C. difficile colonization, asymptomatic carriers have
higher anti-toxin A IgG levels when compared to patients
that develop diarrhoea.59,60 These results have been used to
support the use of intravenous immunoglobulin (IVIG) in the
treatment of CDI.

a. Treatment of recurrent CDI: Some case reports have
demonstrated that, in patients with recurrent disease
and low levels of anti-Toxin A IgG, the use of IVIG
(200---400 mg/kg) may be beneficial in the improvement
of the clinical status.61---63 The use of adjunctive treat-
ment with monoclonal antibodies against C. difficile
toxins A and B has shown promising results, reducing the
recurrence rate from 25% to 7%.64

b. Treatment of severe disease: In severe disease, the appli-
cability of immunotherapy is less clear. One retrospective
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1.  Creation of diverting loop
ileostomy
2.  Intraoperative antegrade
colonic lavage with 8 liters of
warmed PEG3350/electrolyte
solution via ileostomy.
3.  Postoperative antegrade
colonic enemas with
vancomycin (500 mg in 500 mL
X 10 day) via ileostomy

Figure 1 Diverting loop ileostomy and colonic lavage: oper-
ative strategy. Reproduced with permission from: Neal MD,
Alverdy JC, Hall DE, et al. Diverting loop ileostomy and colonic
lavage: an alternative to total abdominal colectomy for the
treatment of severe, complicated Clostridium difficile asso-
ciated disease. Ann Surg 2011; 254(3):423---7. Copyright© 2011
Lippincott Williams & Wilkins.

study has failed to prove a benefit in the use of
adjunctive therapy with IVIG when compared with the
recommended antibiotherapy alone.65 The potential role
of anti-toxins monoclonal antibodies in severe CDI is not
defined.

According to the ACG2 and the ESCMID3 guidelines, there
is not enough evidence supporting the use of immunotherapy
in the treatment or prevention of CDI. However, IVIG may
be helpful in patients with hypogammaglobulinemia, which
is particularly common following solid organ transplants.2,66

A series of studies concerning the use of toxin-based vac-
cines for C. difficile are underway, namely using inactivated
toxin A and B. Recently, some studies using genetically engi-
neered recombinant fragments of these toxins have been
developed in order to minimize the limitations and potential
risks of using inactivated toxins.67,68

5. New data on surgery for severe refractory
disease

Most patients with CDI infection respond well to oral antibio-
therapy. However, approximately 3---10% of them progress to
fulminant colitis, with systemic toxicity and organ failure.69

For those who fail to respond to medical therapy and
progress to complicated disease, surgical intervention is
required.3 Although post-operative mortality remains high,
ranging from 35% to 80%,70 recent data suggest that for
fulminant CDI, colectomy is associated with better progno-
sis than antibiotic therapy when no further improvement is
seen.71 The severity of this disease led to the recent devel-
opment of a risk scoring system, to rapidly identify patients
who might benefit from surgical intervention.72

The conventional surgical management of severe,
complicated CDI has been subtotal colectomy with end-
ileostomy.73,74 Recently, a colon-preserving approach has
been described as an alternative to subtotal colectomy
(Fig. 1).75 The procedure starts with the creation of a divert-
ing loop ileostomy. Then, an intraoperative colonic lavage
in an anterograde way through the ileostomy, with 8 l of
warmed polyehyleneglycol 3350 or balanced eletrolyte solu-
tion is performed. Finally, in the postoperative period, a

catheter is placed in the efferent limb of the ileostomy
to deliver vancomycin flushes (500 mg in 500 ml, 10 days).
When comparing with historical controls that underwent
colectomy in the same institution, this approach was asso-
ciated with reduced morbidity and 30-days mortality (19
vs. 50%, respectively). Moreover, the majority of surgeries
were performed laparoscopically (83%). Preservation of the
colon was achieved in 39 of 42 patients (93%).75 Although
promising, this study included only 42 patients, and further
prospective RCTs are necessary to validate this technique.

5.1. Other non-surgical rescue therapies?

The increase in the mortality rate of CDI over the past
decade has stimulated the search for new therapies for
severe refractory disease. Other non-surgical rescue ther-
apies have been anecdotally reported. Tigecycline is an
agent with in vitro activity against C. difficile.7 Intra-
venous tigecycline in addiction to the standard therapeutic
regimen has shown to be effective in severe refractory
CDI in some case reports.17,18,76 However, these findings
were not confirmed in a recent retrospective case-control
study.77 Therefore, further prospective clinical trials are
warranted to evaluate tigecycline’s clinical use in severe
refractory disease. Immunotherapy (aiming the neutral-
ization of C. difficile toxins) was also evaluated as a
rescue therapy in CDI. The potential benefit of adjunc-
tive treatment with IVIG in severe refractory CDI is
documented in isolated case reports.62,78 A review of
these cases suggests that the earlier the administration
of IVIG, the greater the likelihood of attaining clinical
benefit. Nevertheless, a retrospective analysis comparing
18 patients who received IVIG from 18 matched con-
trol cases failed to demonstrate significant difference in
clinical outcomes.65 It has been recently demonstrated
that the administration of monoclonal antibodies against
toxins A and B, in addition to antibiotics, significan-
tly reduced the recurrence of CDI.64 Since C. difficile
toxins reach the systemic circulation, a potential inter-
vention in severe CDI might be the administration of
these monoclonal antibodies.15 However, further data are
needed before adopting anti-toxins monoclonal antibod-
ies in the treatment of severe CDI. Finally, although FMT
has already demonstrated clinical benefits for treatment
of recurrent CDI, published evidence in severe refractory
disease is limited. However, as previously mentioned, clin-
ical outcomes from published case reports make FMT a
promising option in refractory disease, requiring further
investigation.33---38

6. Infection control and prevention of CDI

Prevention and control of CDI in hospitalized patients
require early detection and isolation with contact precau-
tions (in a private room or in a room with another patient
with documented CDI), careful attention to hand hygiene,
gloves use, and effective environmental cleaning, using
an Environmental Protective Agency-registered disinfectant
with C. difficile sporicidal label claim.2,7 Single-use dis-
posable equipment should be used whenever possible and
medical equipment that must be shared between patients
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should be cleaned and disinfected with a sporicidal agent
between uses.2,7 Reducing unnecessary antibiotic use can
reduce CDI rates and antibiotic stewardship programs, as
the Antimicrobial Use and Resistance module of the National
Healthcare Safety Network (NHSN), are recommended to
reduce the risk of CDI.2,79

7. Conclusion

Increasing evidence points to higher efficacy of vancomycin
over metronidazol for all patients with CDI.4,6,57 Such supe-
riority is most evident and clinically relevant in the setting
of severe disease and in recurrent CDI.4,6,57 Thus, cur-
rent guidelines limit metronidazol use for patients with
a first episode of mild-to-moderate CDI, which has the
advantage of low cost and is assumed to be associated
with lower vancomycin-resistant enterococci selection risk.3

Fidaxomicin has shown promising results in a recent RCT,14

but its high cost continues to limit its widespread use.13,14 In
the treatment of severe, complicated CDI, diverting loop
ileostomy and colonic lavage (Fig. 1) may be a poten-
tial alternative to colectomy, with outstanding results in
a recent uncontrolled study, requiring further validation.75

Currently there is not enough evidence supporting the use
of probiotics, toxin-binding resins or immunotherapy in the
treatment or prevention of CDI.2,3 However, in a recent
RCT,64 the use of adjunctive treatment with monoclonal
antibodies against C. difficile toxins has shown to be effec-
tive, significantly reducing the recurrence rate. Anti-toxins
monoclonal antibodies may also be a potential intervention
in severe CDI, but their role is still not defined.15 The results
of ongoing studies evaluating the use of toxin-based vaccines
for CDI are awaited with great interest.67,68

Fecal transplantation is a rising promise in the treat-
ment of CDI. The first RCT demonstrating FMT’s efficacy
was recently published,32 more than 50 years after its orig-
inal report.27 At the moment, FMT is undoubtedly a safe
and highly effective therapy for CDI, even in immunocom-
promised patients.29,44 In the future, the spread of fecal
microbiota donor’s banks and the standardization and sim-
plification of the FMT procedure, as the use of frozen
microbiota capsules, may expand its acceptance and spec-
trum of indications in CDI.41,45,46

Ethical disclosures

Protection of human and animal subjects. The authors
declare that no experiments were performed on humans or
animals for this study.

Right to privacy and informed consent. The authors
declare that no patient data appear in this article.

Confidentiality of data. The authors declare that no patient
data appear in this article.

Conflicts of interest

The authors have no conflicts of interest to declare.

References

1. Kelly CP, LaMont JT. Clostridium difficile----more difficult than
ever. N Engl J Med. 2008;359:1932---40.

2. Surawicz CM, Brandt LJ, Binion DG, Ananthakrishnan AN, Curry
SR, Gilligan PH, et al. Guidelines for diagnosis, treatment, and
prevention of Clostridium difficile infections. Am J Gastroen-
terol. 2013;108:478---98.

3. Debast SB, Bauer MP, Kuijper EJ, European Society of Clini-
cal Microbiology and Infectious Diseases. European Society of
Clinical Microbiology and Infectious Diseases: update of the
treatment guidance document for Clostridium difficile infec-
tion. Clin Microbiol Infect. 2014;20:1---26.

4. Zar F, Bakkanagari S, Moorthi K, Davis MB. A comparison of van-
comycin and metronidazole for the treatment of Clostridium
difficile-associated diarrhea, stratified by disease severity. Clin
Infect Dis. 2007;45:302---7.

5. Baines S, O’Connor R, Freeman J, Fawley WN, Harmanus C,
Mastrantonio P, et al. Emergence of reduced susceptibility to
metronidazole in Clostridium difficile. J Antimicrob Chemother.
2008;62:1046---52.

6. Johnson S, Gerding D, Davidson D, Louie TJ, Cornely OA, Fitts
D, et al. Efficacy and safety of oral vancomycin versus oral
metronidazole for treatment of Clostridium difficile-associated
diarrhea (CDAD): pooled results from two randomized clinical
trials. In:ID Week 2012; San Diego, October 17---21, 2012 [con-
sulted Feb 2015] Available at: https://idsa.confex.com/idsa/
2012/webprogram/Paper35060.html

7. Cohen S, Gerding D, Johnson S, Kelly C, Loo V, McDonald L, 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 Amer-
ica (IDSA). Infect Control Hosp Epidemiol. 2010;31:431---55.

8. Fekety R, Silva J, Kauffman C, Buggy B, Deery HG. Treatment
of antibiotic-associated Clostridium difficile colitis with oral
vancomycin: comparison of two dosage regimens. Am J Med.
1989;86:15---9.

9. Al-Nassir W, Sethi A, Li Y, Pultz MJ, Riggs MM, Donskey CJ. Both
oral metronidazole and oral vancomycin promote persistent
overgrowth of vancomycin-resistant enterococci during treat-
ment of Clostridium difficile-associated disease. Antimicrob
Agents Chemother. 2008;24:2403---6.

10. Sethi A, Al-Nassir W, Nerandzic M, Donskey CJ. Skin and environ-
mental contamination with vancomycin-resistant enterococci in
patients receiving oral metronidazole or oral vancomycin treat-
ment for Clostridium difficile-associated disease. Infect Control
Hosp Epidemiol. 2009;30:13---7.

11. Louie T, Cannon K, Byrne B, Emery J, Ward L, Eyben M, et al.
Fidaxomicin preserves the intestinal microbiome during and
after treatment of Clostridium difficile infection (CDI) and
reduces both toxin reexpression and recurrence of CDI. Clin
Infect Dis. 2012;55:132---42.

12. Nerandzic M, Mullane K, Miller MA, Babakhani F, Donskey CJ.
Reduced acquisition and overgrowth of vancomycin-resistant
enterococci and Candida species in patients treated with fidax-
omicin versus vancomycin for Clostridium difficile infection.
Clin Infect Dis. 2012;55:121---6.

13. Cornely O, Crook D, Esposito R, Poirier A, Somero MS, Weiss
K, et al. Fidaxomicin versus vancomycin for infection with
Clostridium difficile in Europe, Canada, and the USA: a double-
blind, non-inferiority, randomised controlled trial. Lancet Infect
Dis. 2012;12:281---9.

14. Louie T, Miller M, Mullane K, Weiss K, Lentnek A, Golan Y, et al.
Fidaxomicin versus vancomycin for Clostridium difficile infec-
tion. N Engl J Med. 2011;364:422---31.

15. Venugopal AA, Johnson S. Current state of Clostridium difficile
treatment options. Clin Infect Dis. 2012;55 Suppl. 2:S71---6.



266 J. Carmo et al.

16. McFarland L, Elmer G, Surawicz C. Breaking the cycle: treat-
ment strategies for 163 cases of recurrent Clostridium difficile
disease. Am J Gastroenterol. 2002;97:1769---75.

17. Herpers B, Vlaminckx B, Burkhardt O, Blom H, Biemond-
Moeniralam HS, Hornef M, et al. Intravenous tigecycline
as adjunctive or alternative therapy for severe refrac-
tory Clostridium difficile infection. Clin Infect Dis. 2009;48:
1732---5.

18. Larson K, Belliveau P, Spooner L. Tigecycline for the treatment
of severe Clostridium difficile infection. Ann Pharmacother.
2011;45:1005---10.

19. Johnson S, Schriever C, Galang M, Kelly CP, Gerding DN. Inter-
ruption of recurrent Clostridium difficile-associated diarrhea
episodes by serial therapy with vancomycin and rifaximin. Clin
Infect Dis. 2007;44:846---8.

20. Johnson S, Schriever C, Patel U, Patel T, Hecht DW, Gerding DN.
Rifaximin Redux: treatment of recurrent Clostridium difficile
infection with rifaximin immediately post-vancomycin treat-
ment. Anaerobe. 2009;15:290---1.

21. Garey K, Jiang ZD, Bellard A, Dupont HL. Rifaximin in treat-
ment of recurrent Clostridium difficile-associated diarrhea:
an uncontrolled pilot study. J Clin Gastroenterol. 2009;43:
91---3.

22. Garey K, Ghantoji S, Shah D, Habib M, Arora V, Jiang ZD, et al.
A randomized, double-blind, placebo-controlled pilot study to
assess the ability of rifaximin to prevent recurrent diarrhea
in patients with Clostridium difficile infection. J Antimicrob
Chemother. 2011;66:2850---5.

23. Curry SR, Marsh JW, Shutt KA, Muto CA, O’Leary MM, Saul MI,
et al. High frequency of rifampin resistance identified in an epi-
demic Clostridium difficile clone from a large teaching hospital.
Clin Infect Dis. 2009;43:91---3.

24. Anton PM, O’Brien M, Kokkotou E, Eisenstein B, Michaelis A,
Rothstein D, et al. Rifalazil treats and prevents relapse of
Clostridium difficile-associated diarrhea in hamsters. Antimi-
crob Agents Chemother. 2004;48:3975---9.

25. Peláez T, Alcalá L, Alonso R, Martín-López A, García-Arias V,
Marín M, et al. In vitro activity of ramoplanin against Clostrid-
ium difficile, including strains with reduced susceptibility to
vancomycin or with resistance to metronidazole. Antimicrob
Agents Chemother. 2005;49:1157---9.

26. Ochsner UA, Bell SJ, O’Leary AL, Hoang T, Stone KC, Young
CL, et al. Inhibitory effect of REP3123 on toxin and spore
formation in Clostridium difficile, and in vivo efficacy in a ham-
ster gastrointestinal infection model. J Antimicrob Chemother.
2009;63:964---71.

27. Eiseman B, Silen W, Bascom GS, Kauvar AJ. Fecal enema as an
adjunct in the treatment of pseudomembranous enterocolitis.
Surgery. 1958;44:854---9.

28. Dupont HL. Diagnosis and management of Clostridium difficile
infection. Clin Gastroenterol Hepatol. 2013;11:1216---23.

29. Garborg K, Waagsbo B, Stallemo A, Matre J, Sundoy A.
Results of faecal donor instillation therapy for recurrent
Clostridium difficile-associated diarrhoea. Scand J Infect Dis.
2010;42:857---61.

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

31. Brandt LJ, Aroniadis OC, Mellow M, Kanatzar A, Kelly C, Park
T, et al. Long-term follow-up of colonoscopic fecal microbiota
transplant for recurrent Clostridium difficile infection. Am J
Gastroenterol. 2012;107:1079---87.

32. van Nood E, Vrieze A, Nieuwdorp M, Fuentes S, Zoetendal EG,
de Vos WM, et al. Duodenal infusion of donor feces for recurrent
Clostridium difficile. N Engl J Med. 2013;368:407---15.

33. Trubiano JA, Gardiner B, Kwong JC, Ward P, Testro AG, Charles
PG. Faecal microbiota transplantation for severe Clostridium

difficile infection in the intensive care unit. Eur J Gastroenterol
Hepatol. 2013;25:255---7.

34. Zainah H, Hassan M, Shiekh-Sroujieh L, Hassan S, Alan-
gaden G, Ramesh M. Intestinal microbiota transplantation,
a simple and effective treatment for severe and refrac-
tory Clostridium difficile infection. Dig Dis Sci. 2015;60:
181---5.

35. Brandt LJ, Borody TJ, Campbell J. Endoscopic fecal microbiota
transplantation: first-line treatment for severe Clostrid-
ium difficile infection. J Clin Gastroenterol. 2011;45:
655---7.

36. You DM, Franzos MA, Holman RP. Successful treatment of fulmi-
nant Clostridium difficile infection with fecal bacteriotherapy.
Ann Intern Med. 2008;148:632---3.

37. Yu S, Abdelkarim A, Nawras A, Hinch BT, Mbaso C, Valavoor S,
et al. Fecal transplant for treatment of toxic megacolon associ-
ated with Clostridium difficile colitis in a patient with duchenne
muscular dystrophy. Am J Ther. 2014 (in press).

38. Neemann K, Eichele DD, Smith PW, Bociek R, Akhtari M, Freifeld
A. Fecal microbiota transplantation for fulminant Clostridium
difficile infection in an allogeneic stem cell transplant patient.
Transpl Infect Dis. 2012;14:E161---5.

39. Bakken JS, Borody T, Brandt LJ, Brill JV, Demarco DC, Fran-
zos MA, et al. Treating Clostridium difficile infection with
fecal microbiota transplantation. Clin Gastroenterol Hepatol.
2011;9:1044---9.

40. Gough E, Shaikh H, Amnges AR. Systematic review of intesti-
nal microbiota transplantation (fecal bacteriotherapy) for
recurrent Clostridium difficile infection. Clin Infect Dis.
2011;53:994---1002.

41. Brandt LJ, Aroniadis OC. An overview of fecal microbiota trans-
plantation: techniques, indications, and outcomes. Gastrointest
Endosc. 2013;78:240---9.

42. Postigo R, Kim JH. Colonoscopic versus nasogastric fecal
transplantation for the treatment of Clostridium difficile
infection: a review and pooled analysis. Infection. 2012;40:
643---8.

43. Hamilton MJ, Weingarden AR, Sadowsky MJ, Khoruts A.
Standardized frozen preparation for transplantation of fecal
microbiota for recurrent Clostridium difficile infection. Am J
Gastroenterol. 2012;107:761---7.

44. Kelly CR, Ihunnah C, Fischer M, Khoruts A, Surawicz C, Afzali
A, et al. Fecal microbiota transplant for treatment of Clostrid-
ium difficile infection in immunocompromised patients. Am J
Gastroenterol. 2014;109:1065---71.

45. Kelly CP. Fecal microbiota transplantation --- an old therapy
comes of age. N Eng J Med. 2013;368:474---5.

46. Youngster I, Russell GH, Pindar C, Ziv-Baran T, Sauk J,
Hohmann EL. Oral, capsulized, frozen fecal microbiota trans-
plantation for relapsing Clostridium difficile infection. JAMA.
2014;312:1772---8.

47. Johnston BC, Ma SS, Goldenberg JZ, Thorlund K, Vandvik PO,
Loeb M, et al. Probiotics for the prevention of Clostridium
difficile-associated diarrhea: a systematic review and meta-
analysis. Ann Intern Med. 2012;157:878---88.

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

49. Allen SJ, Wareham K, Wang D, Bradley C, Hutchings H,
Harris W, et al. Lactobacilli and bifidobacteria in the pre-
vention of antibiotic-associated diarrhoea and Clostridium
difficile diarrhoea in older inpatients (PLACIDE): a randomised,
double-blind, placebo-controlled, multicentre trial. Lancet.
2013;382:1249---57.

50. Pillai A, Nelson R. Probiotics for treatment of Clostridium
difficile-associated colitis in adults. Cochrane Database Syst
Rev. 2008:CD004611.



Leaping Forward in the Treatment of Clostridium difficile Infection: Update in 2015 267

51. Enache-Angoulvant A, Hennequin C. Invasive Saccha-
romyces infection: a comprehensive review. Clin Infect
Dis. 2005;41:1559---68.

52. McFarland LV. Evidence-based review of probiotics for
antibiotic-associated diarrhea and Clostridium difficile infec-
tions. Anaerobe. 2009;15:274---80.

53. Taylor NS, Bartlett JG. Binding of Clostridium difficile cyto-
toxin and vancomycin by anion-exchange resins. J Infect Dis.
1980;141:92.

54. Louie TJ, Peppe J, Watt CK, Johnson D, Mohammed R, Dow
G, et al. Tolevamer, a novel nonantibiotic polymer, compared
with vancomycin in the treatment of mild to moderately
severe Clostridium difficile-associated diarrhea. Clin Infect Dis.
2006;43:411---20.

55. Mogg GA, Arabi Y, Youngs D, Johnson M, Bentley S, Burdon DW,
et al. Therapeutic trials of antibiotic associated colitis. Scand
J Infect Dis. 1980; Suppl. 22:41---5.

56. Mogg GA, George RH, Youngs D, Johnson M, Thompson H, Bur-
don DW, et al. Randomized controlled trial of colestipol in
antibiotic-associated colitis. Br J Surg. 1982;69:137---9.

57. Johnson S, Louie TJ, Gerding DN, Cornely OA, Chasan-Taber
S, Fitts D, et al. Vancomycin, metronidazole, or tolevamer for
Clostridium difficile infection: results from two multinational,
randomized, controlled trials. Clin Infect Dis. 2014;59:345---54.

58. Tedesco FJ. Treatment of recurrent antibiotic-associated pseu-
domembranous colitis. Am J Gastroenterol. 1982;77:220.

59. Kyne L, Warny M, Qamar A, Kelly CP. Asymptomatic carriage of
Clostridium difficile and serum levels of IgG antibody against
toxin A. N Engl J Med. 2000;342:390.

60. Abougergi MS, Kwon JH. Intravenous immunoglobulin for the
treatment of Clostridium difficile infection: a review. Dig Dis
Sci. 2011;56:9---26.

61. Leung DY, Kelly CP, Boguniewicz M, Pothoulakis C, LaMont JT,
Flores A. Treatment with intravenously administered gamma
globulin of chronic relapsing colitis induced by Clostridium dif-
ficile toxin. J Pediatr. 1991;118:633.

62. Salcedo J, Keates S, Pothoulakis C, Warny M, Castagliuolo I,
LaMont JT, et al. Intravenous immunoglobulin therapy for severe
Clostridium difficile colitis. Gut. 1997;41:366.

63. Warny M, Denie C, Delmée M, Lefebvre C. Gamma globulin
administration in relapsing Clostridium difficile-induced pseu-
domembranous colitis with a defective antibody response to
toxin A. Acta Clin Belg. 1995;50:36.

64. Lowy I, Molrine DC, Leav BA, Blair BM, Baxter R, Gerding DN,
et al. Treatment with monoclonal antibodies against Clostrid-
ium difficile toxins. N Engl J Med. 2010;362:197---205.

65. Juang P, Skledar SJ, Zgheib NK, Paterson DL, Vergis EN, Shannon
WD, et al. Clinical outcomes of intravenous immune globulin
in severe Clostridium difficile-associated diarrhea. Am J Infect
Control. 2007;35:131.

66. Munoz P, Giannella M, Alcala L, Sarmiento E, Fernandez Yanez
J, Palomo J, et al. Clostridium difficile-associated diarrhea
in heart transplant recipients: is hypogammaglobulinemia the
answer? J Heart Lung Transplant. 2007;26:907---14.

67. Karczewski J, Zorman J, Wang S, Miezeiewski M, Xie J, Sor-
ing K, et al. Development of a recombinant toxin fragment
vaccine for Clostridium difficile infection. Vaccine. 2014;281:
2---18.

68. Mizrahi A, Collignon A, Péchiné S. Passive and active immuniza-
tion strategies against Clostridium difficile infections: state of
the art. Anaerobe. 2014;30:210---9.

69. Klobuka AJ, Markelov A. Current status of surgical treatment
for fulminant Clostridium difficile colitis. World J Gastrointest
Surg. 2013;5:167---72.

70. Markelov A, Livert D, Kohli H. Predictors of fatal outcome after
colectomy for fulminant Clostridium difficile Colitis: a 10-year
experience. Am Surg. 2011;77:977---80.

71. Stewart DB, Hollenbeak CS, Wilson MZ. Is colectomy for ful-
minant C. difficile colitis life saving? A systematic review.
Colorectal Dis. 2013;15:798---804.

72. van der Wilden G, Chang Y, Cropano C, Subramanian M, Schipper
I, Yeh D, et al. Fulminant Clostridium difficile colitis: prospec-
tive development of a risk scoring system. J Trauma Acute Care
Surg. 2014;76:424---30.

73. Koss K, Clark M, Sanders D, Morton D, Keighley M, Goh J. The
outcome of surgery in fulminant Clostridium difficile colitis.
Colorectal Dis. 2006;8:149---54.

74. Longo W, Mazuski J, Virgo K, Lee P, Bahadursingh A, Johnson
F. Outcome after colectomy for Clostridium difficile colitis. Dis
Colon Rectum. 2004;47:1620---6.

75. Neal MD, Alverdy J, Hall D, Simmons R, Zuckerbraun B.
Diverting loop ileostomy and colonic lavage: an alternative
to total abdominal colectomy for the treatment of severe,
complicated Clostridium difficile associated disease. Ann Surg.
2011;254:423---7.

76. Britt N, Steed M, Potter E, Clough L. Tigecycline for the treat-
ment of severe and severe complicated Clostridium difficile
infection. Infect Dis Ther. 2014;3:321---31.

77. Thomas A, Khan F, Uddin N, Wallace MR. Tigecycline for
severe Clostridium difficile infection. Int J Infect Dis. 2014;26:
171---2.

78. Hassoun A, Ibrahim F. Use of intravenous immunoglobulin for the
treatment of severe Clostridium difficile colitis. Am J Geriatr
Pharmacother. 2007;5:48---51.

79. Slayton RB, Scott RD, Baggs J, Lessa FC, McDonald LC,
Jernigan JA. The cost-benefit of federal investment in pre-
venting Clostridium difficile infections through the use of
a multifaceted infection control and antimicrobial stew-
ardship program. Infect Control Hosp Epidemiol. 2015;36:
681---7.


