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Abstract

The incidence of Clostridium difficile infection (CDI) continues to rise, whilst treatment

remains problematic due to recurrent, refractory and potentially severe nature of dis-

ease. The treatment of C. difficile is a challenge for community and hospital-based clini-

cians. With the advent of an expanding therapeutic arsenal against C. difficile since the

last published Australasian guidelines, an update on CDI treatment recommendations

for Australasian clinicians was required. On behalf of the Australasian Society of Infec-

tious Diseases, we present the updated guidelines for the management of CDI in adults

and children.

Introduction

The reported incidence of Clostridium difficile infection
(CDI) continues to rise and treatment remains problem-
atic due to the recurrent, refractory and potentially
severe nature of disease. In addition to curative intent,
CDI treatment is aimed at preventing severe and recur-
rent disease.1,2 Despite being classically regarded as a
nosocomial infection, community acquired CDI (CA-
CDI) is now being increasingly recognised.3 C. difficile as
a pathogen proves a therapeutic challenge for a range of
community and hospital-based clinicians. With the

advent of an expanding therapeutic arsenal against
C. difficile since the last published Australasian guidelines,
an update on CDI treatment recommendations for Aus-
tralasian clinicians is provided within. A summary of
recommendations is provided in Box 1.
The objective of this guideline is to provide Australa-

sian physicians with guidance regarding the manage-
ment of CDI in adults and children.

Methods

These guidelines are an update of the 2011 Australasian
Society of Infectious Diseases (ASID) guidelines.5

A working group was formed and the primary author
reviewed all literature published since the last guidelines
were developed, utilising a PubMed search for keywords
‘Clostridium difficile’ AND (‘treatment’ OR ‘trial’). The pri-
mary author (JAT) drafted an updated manuscript,
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which was circulated to other members of the working
group for critical appraisal. Proposed changes and areas
of controversy were presented at the ASID Annual Sci-
entific Meeting for discussion, and a consensus response
was achieved by discussion within the working group.
These were reviewed by a working group from the pae-
diatric special interest group of ASID (ANZPID) who pro-
posed additions specific for children. Following this
consensus was then obtained from ANZPID and the
working group, resulting in a final version.

Definitions

• CDI: A + (B or C).
A. Clinical features suggestive of CDI (diarrhoea,

ileus, toxic megacolon)
B. Microbiological evidence of toxin producing

C. difficile

C. Pseudomembranous colitis demonstrated on
colonoscopy

• Recurrent CDI
◯ When CDI reoccurs within 8 weeks of the onset of

a previous episode, after resolution of symptoms
from the previous episode.

• Refractory CDI
◯ When CDI fails to demonstrate clinical improve-

ment following 3–4 days of recommended therapy.

• Severe CDI
◯ In adults, this is defined as an episode of CDI with

one or more signs/symptoms demonstrated in
Box 2.5 There is no consensus definition of disease
severity for CDI for children.

• Complicated CDI
◯ An episode of CDI complicated by toxic megacolon,

admission to intensive care for severe sepsis,
requirement for surgery or death due to CDI.

What are the principles of CDI
diagnosis?

CDI cannot be distinguished clinically from other causes
of acute diarrhoea without laboratory testing. Con-
versely asymptomatic carriage of toxigenic C. difficile is
not infrequent. Patients continue to excrete C. difficile for
weeks following recovery. The previously published
ASID recommendations concerning laboratory diagnosis
of CDI remain relevant.9 A more recent discussion of
diagnostic pitfalls is provided by Wilcox et al.10 Important
considerations include:
• Diagnostic testing should not be performed on

patients who are asymptomatic, or are minimally

Box 1 Key points in the new ASID Clostridium
difficile infection (CDI) management guidelines.

1. Oral metronidazole 400 mg (child: 10 mg/kg/dose up to
400 mg) three times daily (TDS) for 10 days is recommended
as first-line therapy for first episode mild CDI.
2. Oral vancomycin 125 mg (child: 10 mg/kg/dose up to
125 mg) four times daily (QID) is recommended as therapy
for first or subsequent CDI recurrence.
3. Oral vancomycin 125 mg (child: 10 mg/kg/dose up to
125 mg) QID is recommended as first-line therapy for
severe CDI.
4. Oral fidaxomicin 200 mg twice daily (BD) is a treatment
alternative in recurrent CDI (adults).

a. Especially in those with a high risk of relapse

5. Faecal microbiota transplantation (FMT) is a treatment
alternative in recurrent CDI for the appropriately selected
patient (adults).
6. A rifaximin ‘chaser’ regimen is a treatment alternative in
recurrent CDI not amenable to first-line therapies (adults).
7. Oral nitazoxanide: (child 1–3 years) 100 mg; (child
4–11 years) 200 mg; 12 hourly for 7–10 days is a treatment
alternative in recurrent CDI (children).
Recommendations 1 and 3 are identical to those within

Therapeutic Guidelines: Antibiotic Edition 15, 2014.4

Box 2 Clinical features suggestive of severe
disease.

Any of the following features are suggestive of severe CDI if
no other explanation can be provided

Clinical • Fever (>38.5�C), rigors

• Haemodynamic instability
• Peritonitis or evidence of bowel perforation
• Ileus or toxic megacolon

Laboratory • White blood cell count >15 × 109/L and
<20% neutrophils

• Elevated lactate level
• Rise in creatinine level (>50% above

baseline)
• Albumin level <25 mg/L

Other • Large intestine distension, colonic wall
thickening, fat stranding, unexplained asci-
tes (imaging)

• Pseudomembranous colitis (colonoscopy)

Clinical, laboratory and other signs of severe disease.
Require >1 of the listed factors with NO other clinical
explanation.5–7

There is no consensus definition of severe disease for CDI
for children. Caution should be used in directly applying
adult criteria to children with CDI as this can overestimate
severity.8
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symptomatic or who have laxative-associated
diarrhoea.

• Diagnostic strategies that test on physician request
underestimate the prevalence of C. difficile and it is
recommended that regardless of request, laboratories
automatically test unformed stools from patients hos-
pitalised for >72 h for toxigenic C. difficile.9,10

• Laboratories should reject formed or soft stools for
C. difficile testing; test only watery or loose stools that
adopt the shape of the container. If testing inadvert-
ently occurs (e.g. multiplex faecal polymerase chain
reaction assay that includes C. difficile), the laboratory
should add a result comment that downplays the sig-
nificance of the positive result, recommending careful
clinical evaluation of the patient’s current status.

• Laboratories should use a screening test that is of ade-
quate sensitivity (>90%) and adopt a testing algo-
rithm that ensures specificity of the final result.

• Retesting of recovered patients as a test of cure is not
indicated.

Specific paediatric considerations regarding
CDI diagnosis and testing

Asymptomatic colonisation in children <1 year is com-
mon, particularly in neonates. Acquisition of C. difficile

appears to be from the environment rather than mater-
nal sources.11 Reported C. difficile colonisation rates vary,
and may be as high as 50% in neonates and 70% in
infants <1 year of age.12 By the age of 2 years, reported
colonisation rates are more consistent (35–46%).13 Thus,
it remains controversial whether CDI can even be diag-
nosed in children <1 year of age. The Infectious Diseases
Society of America recently published an official opinion
that CDI probably does not exist or is very rare in chil-
dren <2 years of age.14 While this expert opinion
remains controversial,15,16 most paediatric infectious dis-
eases physicians would consider the diagnosis of CDI in
an infant <2 years as one of exclusion. It is unclear why
asymptomatic colonisation (often with demonstrably
toxigenic strains of C. difficile) is so common in infancy;
host factors rather than differences in C. difficile strain
types are thought to be responsible.13

True hospital-acquired CDI (HA-CDI) in older children
usually occurs in the context of traditional risk factors,
such as chronic hospitalisation, extensive antibiotic use
and multiple co-morbidities; these include primary or sec-
ondary immunodeficiency, Hirschsprung disease, inflam-
matory bowel disease, cystic fibrosis and structural or
postoperative intestinal disorders.17–20 Other possible risk
factors include proton pump inhibitor use and the pres-
ence of a gastrostomy tube.17,21,22 The role of CDI (if any)
in necrotising enterocolitis (NEC) remains uncertain.23

Recommendations

1. Testing of asymptomatic children is not indicated.
2. For children <2 years of age:

◯ testing for investigation of mild diarrhoea, failure to
thrive or NEC is not indicated

◯ HA-CDI should be a diagnosis of exclusion in signifi-
cantly symptomatic children with predisposing risk
factors

3. For children >2 years of age:
◯ testing should only be performed in significantly symp-

tomatic children with predisposing risk factors

What are the general principles for
CDI prevention and management?

Antibiotic exposure remains the central risk factor for
both community and HA-CDI, the greatest risk with
cephalosporins and lincosamides, although all antibiotic
classes, including fluoroquinolones, are potentially
implicated.24,25 Longer antibiotic course duration is asso-
ciated with CDI, cessation of the instigating antimicrobial
therapy is the cornerstone of CDI prevention and treat-
ment.26 Anti-motility agents should be avoided if possi-
ble due to the potential of worsening CDI.27 Acid
suppression therapy should be avoided post-diagnosis
due to associations with increased disease severity of
CDI, mortality and recurrence (Fig. 1).28,43 The success of
therapy should not be based on repeat stool testing, as
asymptomatic carriage of C. difficile at 30 days post-
treatment has been estimated at 25–30%. In various
studies, 4–15% of asymptomatic healthy volunteers and
hospitalised inpatients carry toxigenic C. difficile.44–46

Implementation of effective infection control mea-
sures, including hand hygiene with soap and water or
alcohol based rubs, patient isolation and environmental
cleaning are essential to avoid nosocomial spread.47 Anti-
microbial stewardship programmes targeting high-risk
antibiotics (particularly cephalosporins, quinolones,
beta-lactam/beta-lactamase inhibitors and clindamycin)
have been shown to reduce the incidence of CDI.24,48–51

In a patient with CDI and concurrent need for
ongoing-directed antibacterial therapy, we recommend
using the most narrow spectrum therapeutic for the
shortest possible duration. Evidence to suggest a particu-
lar class of antibacterial is superior over another in this
situation is absent. Primary or secondary CDI ‘prophy-
laxis’ where antibacterial therapy cannot be ceased is not
recommended as routine practice.
Probiotic therapy was not recommended for prevention

of or adjunctive treatment option for CDI in the previous
Australian guidelines. A Cochrane review and isolated
reports of invasive fungaemia following therapy did not
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General measures

Stop all non-essential antibiotic therapy or use narrow spectrum at minimum

Avoid proton pump inhibitors after CDI diagnosis

Avoid anti-motility medications

Ongoing clinical (fevers/abdominal pain/bowel chart) and biochemical assessment (white cell count, lactate, 

electrolytes) required

Suggested medical therapies

Non-severe episode

Adults Children

First episode Metronidazole 400mg TDS orally for 10d Metronidazole (Child:10mg/kg/dose up to 

400mg)TDS orally for 10d

First
recurrence

Vancomycin 125mg QID orally for 10d Vancomycin (Child:10mg/kg/dose up to 

125mg)QID orally for 10d

2nd or 
subsequent 
recurrence

Vancomycin 125mg QID orally for 14d +/-

tapera

OR

Fidaxomicin 200mg BD orally for 10d 

OR

Faecal Microbiota Transplantation (FMT) (See 

Table 1) 

OR
Rifaximin “chaser”c 

Vancomycin (Child:10mg/kg/dose up to 125mg) 

QID orally for 14d +/-tapera

OR

Nitazoxanide 100mg (Child 1-3 years) or 200mg 

(Child 4-11 years) BD orally for 7-10d. 

Refractory 
Disease

1st Line therapy
Vancomycin 125mg QID for 14d

2nd Line therapy

FMT 

OR
Fidaxomicin 200mg BD for 10db 

1st Line therapy
Vancomycin (Child: 10mg/kg/dose up to 125mg) 

QID for 14d

2nd Line therapy
Nitazoxanide 100mg (Child 1-3 years) or 200mg 

(Child 4-11 years) BD orally for 7-10d. 

Severe disease

Adults Children

1st Line therapy
Vancomycin 125mgQID orally for 10d

2nd Line therapy
If unable to tolerate oral therapy: NG vancomycin

125mg QID AND IV metronidazole 500mg TDS +/-

rectal tube vancomycin 500mg in 100ml N. saline TDS-

QID.

1st Line therapy
Vancomycin (Child: 10mg/kg/dose up to 125mg)  QID 

orally for 10d

2nd Line therapy
If unable to tolerate oral therapy: NG vancomycin 

(Child: 10mg/kg/dose up to 125mg) QID AND IV 

metronidazole (Child: 12.5mg/kg up to 500mg) TDS

3rd line therapy
In ‘2nd or > recurrent’ or ‘refractory disease’ severe CDI 

consider recommendations as per non-severe disease

In cases were oral therapy not possible and refractory to 

combination therapy consider tigecycline (100mg IV as 

a single dose then 50mg TDS for 14d) 

If unable to tolerate oral or nasogastric vancomycin 

consider rectal instillation of vancomycin (500mg in 

100ml N. Saline) BD-QID. The optimal doses have not 

been established, suggested volumes for children: 1-3 

years- 50ml; 4-9 years -75ml; > 10 years -100ml AND

IV metronidazole (12.5mg/kg up to 500mg) TDS

3rd line therapy
In ‘2nd or > recurrent’ or ‘refractory disease’ severe CDI 

consider recommendations as per non-severe disease

In cases where oral therapy not possible and refractory to 

combination therapy consider IV tigecycline in children 

over the age of 8. (Child aged 8-11 years: 1.2mg/kg up to 

50mg BD and child aged 12 years and over 100mg as a 

single dose then 50mg TDS for 14d)

Indications for surgical intervention
1. Toxic megacolon or bowel perforation

2. Severe deterioration despite 1st and 2nd line medical therapy 

Figure 1 Summary recommenda-

tions for Clostridium difficile infection

(CDI) management.27–42 aVancomycin

taper can be considered: 125 mg BD

oral for 7 days, 125 mg oral every

second day for 2–8 weeks (other regi-

mens described). Not required prior

to fidaxomicin or FMT use; bFidaxomi-

cin not studied in patients with multi-

ple relapses therefore use with

caution. Reasonable to consider prior

to more invasive FMT; c400 mg TDS

for 7–10 days OR 400 mg TDS

14–20 days post initial therapy. Rifaxi-

min ‘chaser’ used in patients with

multiple recurrences and in case

reports for recurrent and refractory

disease. Used in a small randomised

control trial, not extensively in severe

or recurrent disease. BD, twice daily;

FMT, faecal microbiota transplanta-

tion; IV, intravenous; IVIG, intravenous

immunoglobulin; NG, nasogastric; O,

oral; TDS, three times daily; QID, four

times daily.
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support its use.5,52–54 A revised Cochrane review and two
recent randomised control trials (RCT) examined the pre-
vention effects of probiotic therapy in CDI and antibiotic
associated diarrhoea.55–57 While probiotics may be of some
value in limited studies, we do not recommend probiotic
therapy use in prevention or adjunctive treatment in CDI.
In the largest RCT of lactobacilli and bifidobacteria (probi-
otic therapy), there was no demonstrable benefit of this
probiotic mixture preventing CDI.55

What antibiotics should be used for
treatment of an initial CDI episode?

Initial CDI episode therapy

Since the Australasian C. difficile treatment guidelines were
published in 2011, no significant studies have become
available to modify the current local and international
guidelines recommending metronidazole therapy for mild
to moderate CDI.5,29,58–61 The mainstay of therapy remains
ceasing the causative antibiotic(s). Metronidazole remains
cost effective and readily available. In systematic reviews,
there appears to be no difference between metronidazole
and vancomycin therapy for initial episodes of CDI.62–64

There are concerns regarding possible generation of
vancomycin-resistant enterococci with vancomycin use.
Therefore, vancomycin should be reserved for recurrent
or severe disease or those that do not respond to metroni-
dazole after 3–4 days of therapy.65

In general, CDI in children is less severe than in adults.
It is recommended that only children with moderate to
severe disease should be treated. In children with mild
disease, stopping antibiotic therapy is usually sufficient
to resolve symptoms. Current experience in the USA
suggests that CA-CDI may be more severe than HA-CDI
in children.66 There are no equivalent data from
Australia. There is also no consensus definition of severe
disease for CDI in children. Determination of disease
severity should be guided by adult criteria combined
with clinical judgement until paediatric definitions are
established. Caution should be used in directly applying
adult criteria to children with CDI as this can overesti-
mate severity.8 While immunodeficiency predisposes to
CDI, there are no consistent data in children to suggest
that more aggressive therapy is warranted in the pres-
ence of immunodeficiency.8,67

Dosing and administration

Metronidazole administration is preferred through the
oral route compared with intravenous administration.29

Vancomycin should be administered orally at 125 mg
four times daily. Hospital compounded oral solution is

not inferior to commercially available vancomycin cap-
sules.68 Vancomycin dose above 125 mg four times daily
is not routinely recommended, recent reports suggesting
no improvement in clinical cure, mortality or complica-
tions with increasing dose in severe disease.69 Reports of
high serum vancomycin levels with 500 mg four times
day dosing have also been noted in patients.70–72 Intrave-
nous vancomycin therapy is not effective in CDI, how-
ever, colonic administration through an enema may be
effective as an adjunctive therapy (uncertain dosing) if
oral therapy is unable to be tolerated (500 mg in 100 mL
normal saline, rectally 6 hourly).4,73–75

Recommendations

1. Oral metronidazole is recommended for initial episode
CDI without clinical features of severe disease at 400 mg
three times daily for 10 days. Paediatric dosing: oral met-
ronidazole 10 mg/kg up to 400 mg orally or through a
nasogastric (NG) tube three times daily for 10 days.

2. Oral vancomycin is recommended for initial episode
refractory CDI or if severe disease features are present.
Vancomycin is recommended at 125 mg four times daily
for 10 days. Paediatric dosing: vancomycin 10 mg/kg up
to 125 mg orally or through a NG tube four times daily for
10 days.

Newer therapies

Fidaxomicin, a first-in-class 18-membered macrocyclic
bactericidal antibiotic, has targeted bactericidal activity
against C. difficile through inhibiting clostridial RNA poly-
merase.76,77 Fidaxomicin demonstrates minimal impact
on normal gut flora and spares Bacteroides spp., a major
‘protective’ constituent of faecal flora.78 Fidaxomcin has
minimal oral absorption like vancomycin and a prolonged
post-antibiotic effect and has recently been approved by
the Therapeutic Drug Administration (TGA) for use in
CDI.79 In the two large concurrently run double-blind
randomised non-inferiority trials and recent meta-ana-
lyses, fidaxomicin was non-inferior to vancomycin in
resolving symptoms in the treatment of new onset or first
recurrence CDI. Fidaxomicin is associated with reduced
recurrences in patients on concurrent antibiotics and sus-
tained clinical cure, and therefore might be considered in
this setting.30,80–82 However, due to uncertain cost effec-
tiveness relative to existing treatment, fidaxomicin is not
recommended as first-line therapy for CDI.
The use of fidaxomicin in children younger than

18 years of age is restricted by the lack of approval by
the TGA and the limited paediatric studies that are cur-
rently available. A randomised controlled trial comparing
oral vancomycin and fidaxomicin in children is currently
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in progress and early data suggests that it is safe in
children.83–85

Faecal microbiota transplantation (FMT), although
described as initial therapy for CDI, has primarily been
investigated for recurrent disease and therefore is only
recommended in recurrent or refractory disease.86 FMT
is further discussed in the ‘recurrent CDI’ section.
Although fusidic acid, teicoplanin and tigecycline have
been used for the treatment of CDI, evidence to support
first-line therapy is unavailable and therefore they are
not recommended.

Rifaximin has been primarily used for refractory CDI,
and with some success as a 2-week ‘chaser therapy’
course following vancomycin therapy.31–33,87 In a small
RCT of rifaximin versus placebo following CDI therapy,
there was a non-statistically significant reduction in dis-
ease recurrence.34 Concerns remain regarding increasing
C. difficile rifaximin resistance, especially in patients pre-
viously exposed to a rifamycin.32,88 Rifaximin is not
recommended for first-line therapy. Monoclonal antibo-
dies have gathered interest as an adjunctive therapy.
Although a phase II RCT found a single intravenous
infusion of monoclonal antibodies did not affect initial
cure, it was associated with reduced recurrence.89

What agents should be used for
recurrent disease?

The recommended agents for recurrent disease are out-
lined in Figure 1. In the setting of a recent systematic
review and RCT demonstrating superiority of vancomy-
cin to metronidazole in recurrent disease, we recom-
mend vancomycin in the setting of recurrent disease, a
change from the previous guideline.90,91 For a second or
further recurrence, vancomycin therapy is recom-
mended. The previous guidelines recommended a van-
comycin taper following a second CDI recurrence. The
use of a vancomycin taper is however only supported by
an observational study demonstrating reduced recur-
rence.60,92 No data exist comparing the safety, acceptabil-
ity and effectiveness of FMT, fidaxomicin and oral
vancomycin for multiple CDI recurrences. There are
recent RCT data to support FMT and fidaxomicin for
recurrent CDI, although a vancomycin taper remains a
recommended therapy, it does not need to be used
before considering an alternative treatment option.

FMT has gained interest as a therapy for CDI. Failure
to preserve normal bowel flora is a factor in severe,
recurrent and prolonged CDI.93 FMT aims to reconstitute
the normal flora with a transplant from a healthy donor.
A small open-label RCT of duodenal infusion was termi-
nated early after interim analysis demonstrated superior-
ity of FMT given through nasoduodenal tube over

vancomycin therapy for patients with recurrent dis-
ease.86 A further RCT of vancomycin versus FMT (rectal
administration) also demonstrated superiority of FMT for
recurrent CDI, although multiple FMT infusions were
used in patients with pseudomembranous colitis.94 These
RCT data follow a series of large reviews and meta-
analyses demonstrating 80–90% first instillation FMT
effectiveness.95–98 The utility of pre-screened frozen
donor faeces banks has potentially removed many of the
practical issues of requiring ‘fresh’ donor faeces.99,100

Frozen stool retains viable bacteria for up to 6 months
following storage in −80�C.101 Costello et al. recently
described the process of establishing a frozen donor stool
bank.102

There are practical safety concerns that have been
reported for FMT (e.g. aspiration, bowel perforation) and
the long-term impacts of the donor microbiota remain
unknown.103,104 Regulation of FMT has not been fully
addressed nationally, whilst safety and ethical considera-
tions are currently managed at an institutional level.
FMT can be an alternative therapy in the setting of
recurrent CDI following failure of less-invasive options
and local institutional approval (Fig. 1). The logistical
requirements of FMT are outlined in Table 1. The donor
screening processes are not well validated; our recom-
mendations are consistent with the RCT protocols. The
use of FMT in subgroups, such as the immunosup-
pressed, is ill defined, with only case series/cohort data
to support similar efficacy.105,111,112

A ‘pill’ administration of donor faeces was demon-
strated in an open-label single cohort study and in the
near future could potentially expand debate over mode
of delivery.99,100 Future therapies may include the devel-
opment of synthetic microbiota, selecting desired anae-
robes and eliminating risks associated with donor disease
transmission. Despite a small open-label pilot RCT trial
of NG versus colonoscopic administration and data from
systematic reviews, an optimal mode of delivery has not
been determined.95,96,98,100

Six reports since 2001 describe FMT for CDI in
children.113–117 This represents a total of 32 children, in
comparison with data on >1000 adult patients.114 This
may in part reflect that severe disease in children is not
as common as adults. Logistical, ethical and safety issues
and success rate appear to be the same as in adult
cases.115 Long-term effects (if any) on the microbiome
are not known, and exact mechanism of action remains
unclear. Some preliminary data from a case series of
eight children post-FMT suggest the microbiome nor-
malises within 6 months.114 Screening requirements for
donors currently remain the same as those recom-
mended for adults. There have been no published
reports of adverse events in children receiving FMT.
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Fidaxomicin was compared with vancomycin in the
two concurrently run double blind non-inferiority RCT
including recurrent CDI, demonstrating similar time to
resolution of diarrhoea and clinical responses at the end of
therapy, with reduced recurrence at 28 days follow-
up.81,118,119 In those patients with a previous episode of
CDI (15%), clinical cure was unchanged, although less
recurrence was noted with fidaxomicin.119 In sub-group
analysis, patients at high risk of recurrence, oncology
patients and those on concurrent antibiotic therapy had
improved outcomes and reduced recurrence, however
patients on vancomycin had more severe disease.81,120

These studies did not investigate patients with multiple
relapsed CDI, severe disease or previous fidaxomicin fail-
ure.121 Fidaxomicin has been used as a ‘vancomycin
chaser’ for small cohorts with multiple relapsed CDI.122

Therefore, despite a higher cost fidaxomicin can be consid-
ered in early recurrent disease in high-risk populations or
if FMT is contraindicated/unavailable. The cost effective-
ness of fidaxomicin has been demonstrated for severe CDI
and first CDI recurrence in international studies although
this has not been addressed in an Australasian setting.123

Nitazoxanide is a thiazoline-class antibiotic, with activ-
ity against C. difficile, that is currently used to treat other
parasitic gastrointestinal infections in children.124,125 In
two randomised controlled trials conducted in adults,
nitazoxanide had similar efficacy to vancomycin and
metronidazole for the initial treatment of CDI.126,127 A
prospective study found that adult patients who were
unresponsive to metronidazole treatment had a 66%
response rate to one or more courses of nitazoxanide.128

Given the paucity of data available in children for the
use of newer alternative therapies for CDI, nitazoxanide
is a safe and reasonable second-line agent to consider.126

Recommendations

1. Oral vancomycin is recommended for first CDI recur-
rence (adults + children).

2. Oral vancomycin, including a vancomycin taper, is sug-
gested for second or subsequent CDI recurrence
(adults + children).

3. Fidaxomicin is a therapeutic option for second or subse-
quent CDI recurrence, especially in high risk of relapse
populations (i.e. concurrent antibiotic therapy) (adults).

4. FMT is a therapeutic option for second or subsequent
CDI recurrence if above therapy has failed and no contra-
indications (adults).

5. Rifaximin ‘chaser therapy’ is a therapeutic option in the
setting of metronidazole, vancomycin or fidaxomicin fail-
ure or where FMT may not be available or contraindicated
(adults).

6. Nitazoxanide can be considered for subsequent
CDI recurrence (children only).126 Nitazoxanide
(child 1–3 years) 100 mg; (child 4–11 years) 200 mg;
orally 12 hourly for 7–10 days.

What agents should be used for
refractory or severe CDI?

Patients should be investigated for signs of severe disease
(i.e. renal impairment, rising lactate, white cell count,
toxic megacolon) as outlined in Box 2. Vancomycin is
superior to metronidazole in cases of severe CDI and
therefore remains the treatment of choice.65,90,129 The
choice of agent for refractory CDI is unclear, with evi-
dence primarily extrapolated from cohort data rather
than prospective or RCT (Fig. 1). Older therapies, such as
bacitracin and fusidic acid, have no current role in CDI
therapy.35,36,130

Fidaxomicin has not been extensively studied in
severe or refractory disease. There are no data on the
efficacy in severe life-threatening/fulminant disease
and/or toxic megacolon (excluded from both RCT).81,118

In patients with severe disease from the RCT data, there
was no difference in clinical cure rates between vanco-
mycin and fidaxomicin.119 Fidaxomicin should therefore
be used with caution in fulminant, life-threatening or
toxic megacolon disease.
Refractory and severe CDI were excluded also from

the RCT of FMT and therefore limited data exist for its
use in this context. The recent FMT ‘capsule’ single
cohort study by Youngster et al. included refractory and
severe patients.99 Numerous case reports exist for its suc-
cessful FMT use in refractory and severe
disease;103,106,112,131–134 however, like fidaxomicin FMT
can only be recommended following failure of the stand-
ard of care outlined in Figure 1.
Combination therapy (oral/NG vancomycin and intra-

venous metronidazole) is commonly recommended for
severe CDI not responding to single agent vancomycin
therapy.5 Recent reports limited by retrospective design
have demonstrated mixed results. Bass et al. indicate no
improved outcomes with vancomycin combination ther-
apy.68 Conversely, Rokas et al. demonstrated improved
mortality in patients treated with combination therapy
in the intensive care unit.135 Nonetheless, in severe dis-
ease combination therapy with intravenous metronida-
zole and oral vancomycin with or without the addition
of rectally administered vancomycin is recommended.136

In patients unable to take oral therapy and/or failure of
combination therapy, treatment options for severe CDI
are limited. Intravenous tigecycline has been demon-
strated in case series/cohort data to be successful in some
patients with recurrent and severe disease.137–140

Surgery remains an important consideration in cases
of severe disease. In severe disease associated with
toxic megacolon, surgery may be required. Besides tra-
ditional colectomy, a recent case series highlights the
benefit of loop ileostomy and vancomycin instillation
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Table 1 Faecal microbiota transplantation (FMT) for Clostridium difficile infection (CDI)

FMT Suggested approaches Comments

General • Ensure local hospital governance and/or ethics approval

• Ensure informed patient and donor consent

• Only perform in specialised centres or in consultation with an

infectious diseases physician and gastroenterologist

• A standardised approach for FMT is absent and the long-term

effects of FMT are ill defined.

• Consider less-invasive medical therapies prior to FMT

Donor selection • Related or non-related donor

• Avoid donor if

� Recent antibiotic exposure (3–6 months)

� Loose stools

� Recent gastrointestinal illness

� Recent overseas travel (3–6 months)

� Medical co-morbidities or ongoing, including BBV risk factors

• RCTused as non-related donors

• Unless donor bank available, related donor FMT may prove more

practical

• Frozen inoculum from unrelated donors used with similar

effectiveness in pilot study

• Ensuring donors are free of medical co-morbidities is important,

considering the transference of donor medical co-morbidities has

been demonstrated in animal studies and a single case report

Donor screening • BBV

• Hepatitis A, B, C; HIV, Treponema pallidum
Enteric pathogens

Enteric bacterial pathogens

VRE & ESBL

Cysts, ova, parasites

Heliocobacter pylori Ag
Giardia ICT

Cryptosporidium/microsporidium

Strongyloides serology

Clostridium difficile culture and toxin

• Screening within 7 days of donation

• No reported cases of transmitted infectious diseases from FMT

• There are no standardised screening processes across trials and

cohort studies

Donor faeces • Prepare faeces close to time of FMT†

• Donor faeces (50–100 g) emulsified with N. saline for

administration‡

• Donor suspensions of 100–500 mL recommended – greater

volume required with lower GI method

• Frozen donor faeces may be considered if frequent use

• Preparation of faeces is preferred in anaerobic conditions within a

microbiology department anaerobic chamber, a faecal suspension

generated with N. saline and mixed through hazardous materials

blender or through manual agitation inside sterile container.

Considering an anaerobic chamber offers only a theoretical

advantage of protecting obligate anaerobic bacteria and FMT

produced in aerobic conditions has been effective, the absence of

an anaerobic chamber is not a contraindication to FMT.

• Specimens should be processed using appropriate precautions to

protect staff, including the use of personal protective equipment

Pre-FMT • Pre-treatment with vancomycin or fidaxomicin is recommended

for 3–5 days before FMT

• Cease CDI antibiotics 24–48 h prior

• Fast for 4–6 h prior to FMT

• A low-dose bowel prep can be considered prior to FMT‡

• A single PPI dose is used in many centres if administration is

through upper GI method.

Mode of delivery • Upper GI§
Nasoduodenal tube (NDT)

Nasogastric tube (NG)

Gastroscopy

• Lower GI¶
Colonoscopy

Rectal tube

• Capsule††

Post-treatment

• Avoid antibacterial therapy, including CDI agents. Consider repeat

FMT if first episode FMT failure.

• Anti-motility agents (e.g. loperamide) can be considered for lower

GI delivery methods to aid FMT retention.

• Pilot study demonstrated similar effectiveness of NG versus

colonoscopy administration

• No evidence of superiority of one mode of delivery, NDT method

used in RCT

• Tailor delivery to patient population and availability

• Episodes of fatal aspiration have been reported with gastroscopy

administration

• At home, faecal enema is discouraged

• Capsule administration not yet widely validated

†RCT and other trials used FMT suspension within 6 h of FMT. ‡Bowel lavage as a therapy was demonstrated to be ineffective in RCT FMT trial. Low-dose may be

considered, especially if lower GI method. §Avoid upper GI modality if history or concerns of aspiration. ¶Avoid colonoscopy administration if severe disease or

toxic megacolon due to concerns of perforation. ††Capsule administration evaluated in single cohort open-label study administering 15 capsule over 2 consecu-

tive days, contained a centrifuged mean of 48 g of faecal matter.99 Ag, antigen; BBV, blood-borne viruses; ESBL, extended spectrum beta-lactamase; GI; gastroin-

testinal; HIV, human immunodeficiency virus; N. saline, normal saline 0.9% solution; NDT, nasoduodenal tube; PPI, proton pump inhibitor; RCT, randomised

control trial; VRE, vancomycin-resistant Enterococcus faecium.86,94,95,99,100,102,106–111
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through the ileostomy created. This requires further
evaluation.141,142

Alternative therapies that have been used for recur-
rent and refractory CDI are listed in Figure 1. None of
these therapies has been explored in prospective studies
and therefore are not recommended for routine
management.

Recommendations

1. Vancomycin is recommended as first-line therapy in
severe disease (adults + children).

2. Combination therapy including oral/NG vancomycin and
intravenous metronidazole is recommended in non-
responsive severe disease (adults + children).

3. FMT, tigecycline and fidaxomicin are only suggested as
second-line therapy if oral vancomycin and combination
therapy have failed, due to limited evidence in severe CDI
(adults).

4. Surgery is indicated for life threatening severely refractory
CDI or cases of toxic megacolon (adults + children).

5. In children, FMT may be considered as salvage therapy on
a case-by-case basis in severe, refractory or relapsing CDI
with ≥3 episodes of disease until further experience in
children is collated.

New agents on the horizon?

The use of intravenous immunoglobulin has been inves-
tigated: a prior case–control study and systematic review,
illustrating no difference in patient outcomes.37,143 A
more recent systematic review demonstrated an 80%
initial response rate when intravenous immunoglobulin
was used alone or in combination.144 In a phase II RCT,
a single monoclonal antibody infusion against C. difficile
was administered as an adjunct to standard CDI therapy,
demonstrating no effect on clinical cure however there
was a reduction of CDI recurrence; phase III clinical trials
have just completed (ClinicalTrials.gov identifiers
NCT01241552 and NCT01512239).89 Recent reports
from the unpublished phase III trial found that the use
of bezlotoxumab, a monoclonal antibody against
toxin B, was associated with a lower risk of
recurrence.145

Cadazolid (formerly ACT-179811), a new
oxazolidinone-type antibiotic that primarily inhibits pro-
tein synthesis and is in development for use in CDI,
demonstrated activity in vitro and in CDI mouse
models.146–148 Cadazolid is currently undergoing a phase
III CDI study. MCB3681 has demonstrated intro activity
against C. difficile although no clinical trials are currently
available.149 Ramoplanin is a glycolipodepsipeptide that
targets bacterial cell walls like vancomycin, although at a
distinct site, displays potent antimicrobial activity against
C. difficile in animal CDI models.150,151 Surotomycin an
orally available cyclic liopeptide, reduces C. difficile counts
and toxin in an in vitro gut model whilst sparing
B. fragilis, and is undergoing a phase III trial.111 Thuricin
CD is an antibiotic (a novel class of post-translationally
modified bacteriocins) that exhibits narrow-
spectrum antimicrobial activity against C. difficile.152,153

Auranofin (2,3,4,6-tetra-o-acetyl-L-thio-β-D-glycopyr-
anp-sato-S-(triethyl-phosphine)-gold) was approved for
the treatment of rheumatoid arthritis in 1985 and inhi-
bits C. difficile in vitro at low-micromolar concentrations.
Auranofin is excreted in the faeces (85%), has a half-life
of 15–25 days and after oral administration 15–25% of
the dose can be detected in the plasma, peaking at a con-
centration of 6–9 μg/100 mL within 2 h.154 Auranofin is
able to disrupt selenium metabolism in C. difficile by
forming a stable bond with inorganic selenium.155 With-
out selenium, C. difficile cannot synthesise selenoproteins
essential for energy production. Auranofin does not have
an inhibitory effect on Clostridium species that do not uti-
lise selenoproteins such as C. perfringens and C. tetani.155

Despite promising in vitro or animal studies, no published
clinical trials are available for auranofin, ramoplanin or
thuricin CD.

Recommendation

1. Cadazolid, auranofin, ramoplanin, thuricin CD, surotomy-
cin or monoclonal antibody therapy cannot be recom-
mended currently for clinical use for CDI
(adults + children).
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Gürsoy Ş, Alp E et al. Tigecycline for

the treatment of Clostridium difficile

infection refractory to metronidazole

in haematopoietic stem cell transplant

recipients. J Chemother 2014; 27:

354–7.

138 Thomas A, Khan F, Uddin N, Wallace

MR. Tigecycline for severe Clostridium

difficile infection. Int J Infect Dis 2014;

26: 171–2.

139 Cheong EY, Gottlieb T. Intravenous

tigecycline in the treatment of severe

recurrent Clostridium difficile colitis. Med

J Aust 2011; 194: 374–5.

140 Larson KC, Belliveau PP, Spooner LM.

Tigecycline for the treatment of severe

Clostridium difficile infection. Ann

Pharmacother 2011; 45: 1005–10.

141 Neal MD, Alverdy JC, Hall DE,

Simmons RL, Zuckerbraun BS.

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; discussion

427–9.

142 Brown CJ, Boutros M, Morris A,

Divino CM; CAGS/ACS Evidence

Based Reviews in Surgery Group.

CAGS and ACS evidence based

reviews in surgery. Is a diverting loop

ileostomy and colonic lavage an

alternative to colectomy for the

treatment of severe Clostridium difficile-

associated disease? Can J Surg 2014;

57: 214–6.

143 O’Horo J, Safdar N. The role of

immunoglobulin for the treatment of

Clostridium difficile infection: a

systematic review. Int J Infect Dis 2009;

13: 663–7.

144 O’Horo JC, Jindai K, Kunzer B, Safdar

N. Treatment of recurrent Clostridium

difficile infection: a systematic review.

Infection 2014; 42: 43–59.

145 Wilcox MH, Gerding D, Poxton I,

Kelly C, Nathan R, Cornely O et al.

Bezlotoxumab (BEZ) Alone and With

Actoxumab (ACT) for Prevention of

Recurrent C. difficile Infection (rCDI) in

Patients on Standard of Care (SoC)

Antibiotics: Integrated Results of 2 Phase

3 Studies (MODIFY I and MODIFY II). in

ID Week. San Diego, CA; 2015.

146 Locher HH, Caspers P, Bruyére T,

Schroeder S, Pfaff P, Knezevic A et al.

Investigations of the mode of action

and resistance development of

cadazolid, a new antibiotic for

treatment of Clostridium difficile

infections. Antimicrob Agents Chemother

2014; 58: 901–8.

147 Locher HH, Seiler P, Chen X,

Schroeder S, Pfaff P, Enderlin M

et al. In vitro and in vivo antibacterial

evaluation of cadazolid, a new

antibiotic for treatment of

Clostridium difficile infections.

Antimicrob Agents Chemother 2014; 58:

892–900.

148 Baldoni D, Gutierrez M, Timmer W,

Dingemanse J. Cadazolid, a novel

antibiotic with potent activity against

Clostridium difficile: safety, tolerability

and pharmacokinetics in healthy

© 2016 Royal Australasian College of Physicians492

Trubiano et al.



subjects following single and multiple

oral doses. J Antimicrob Chemother

2014; 69: 706–14.

149 Rashid MU, Dalhoff A, Weintraub A,

Nord CE. In vitro activity of MCB3681

against Clostridium difficile strains.

Anaerobe 2014; 28: 216–9.

150 Freeman J, Baines SD, Jabes D, Wilcox

MH. Comparison of the efficacy of

ramoplanin and vancomycin in both

in vitro and in vivo models of

clindamycin-induced Clostridium

difficile infection. J Antimicrob

Chemother 2005; 56: 717–25.

151 Mathur H, O’Connor PM, Hill C,

Cotter PD, Ross RP. Analysis of anti-

Clostridium difficile activity of thuricin

CD, vancomycin, metronidazole,

ramoplanin, and actagardine, both

singly and in paired combinations.

Antimicrob Agents Chemother 2013; 57:

2882–6.

152 Rea MC, Dobson A, O’Sullivan O,

Crispie F, Fouhy F, Cotter PD et al.

Effect of broad- and narrow-spectrum

antimicrobials on Clostridium difficile

and microbial diversity in a model of

the distal colon. Proc Natl Acad Sci U S

A 2011; 108: 4639–44.

153 Rea MC, Sit CS, Clayton E, O’Connor

PM, Whittal RM, Zheng J et al.

Thuricin CD, a posttranslationally

modified bacteriocin with a narrow

spectrum of activity against Clostridium

difficile. Proc Natl Acad Sci U S A 2010;

107: 9352–7.

154 Walz DT, DiMartino MJ, Griswold DE,

Intoccia AP, Flanagan TL. Biologic

actions and pharmacokinetic studies of

auranofin. Am J Med 1983; 75:

90–108.

155 Jackson-Rosario S, Cowart D, Myers

A, Tarrien R, Levine RL, Scott RA et al.

Auranofin disrupts selenium

metabolism in Clostridium difficile by

forming a stable Au-Se adduct. J Biol

Inorg Chem 2009; 14: 507–19.

BRIEF COMMUNICAT IONS

Discontinuation of statins in a population of older
New Zealanders with limited life expectancy
P. S. Nishtala,1 D. Gnjidic,2 T. Chyou1 and S. N. Hilmer3

1School of Pharmacy, University of Otago, Dunedin, New Zealand and 2Faculty of Pharmacy and 3Sydney Medical School, Royal North Shore Hospital,
and Kolling Institute of Medical Research, University of Sydney, Sydney, New South Wales, Australia

Key words
statins, discontinuation, primary prevention,
secondary prevention, older people, cancer.

Correspondence
Prasad S. Nishtala, School of Pharmacy,
University of Otago, PO Box 56, Dunedin 9054,
New Zealand.
Email: prasad.nishtala@otago.ac.nz

Received 5 September 2015; accepted
11 October 2015.

doi:10.1111/imj.13024

Abstract

Discontinuation of statins may be considered for older individuals with a cancer, multi-

morbidity, approaching end-of-life and in primary prevention. The aim of this study is

to investigate the relationship between the rates of statin discontinuation in the last

12 months of life and a diagnosis of cancer, and in individuals using statins for primary

or secondary prevention. A case–control study of matched cases and controls. Matching

was based on age, Charlson comorbidity index scores and socioeconomic status. Pre-

scription and diagnostic data for 20 482 individuals who were aged over 75 years, were

in their last 12 months of life and were receiving statins during the study period

(1 January 2007 to 31 December 2012). After propensity score matching, we identified

4832 cases with a diagnosis of cancer and 4809 matched controls. We used Cox regres-

sion to test the relationship between the relative risk of statin discontinuation and a

diagnosis of cancer, and in individuals using statins for primary or secondary prevention.

Statins were discontinued in 70.4% of older adults with a diagnosis of cancer and 55.8%

of those without cancer (P < 0.05). The Cox regression analysis supports that a diagnosis

of cancer can increase the rate of statin discontinuation compared with individuals with-

out a diagnosis of cancer regardless of whether statins were used for primary or second-

ary prevention (P < 0.05). The findings from this study support that statins are likely to

be discontinued in the last year of life in older people with limited life expectancy from

cancer, even if statins were indicated for secondary prevention of cardiovascular disease.
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