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Objectives: The objective of this study was to determine the activity of fidaxomicin and comparator antimicro-
bials against Clostridium difficile isolated from patients with C. difficile infection (CDI) in Australian hospitals and in
the community.

Methods: One private and one public laboratory from five states in Australia submitted a total of 474 isolates/
PCR-positive stool samples during three collection periods in August–September 2013 (n¼175), February–March
2014 (n¼134) and August–September 2014 (n¼165). Isolate identification was confirmed by selective culture
for C. difficile and a proportion of isolates from each state were characterized by PCR for toxin genes and PCR
ribotyping. MICs of fidaxomicin and eight comparator antimicrobials were determined for all isolates using
agar methodology.

Results: Site collection yielded 440 isolates of C. difficile and PCR revealed a heterogeneous strain population
comprising 37 different PCR ribotypes (RTs), 95% of which were positive for tcdA and tcdB (A+B+). The most com-
mon RTs were 014 (29.8%) and 002 (15.9%). Epidemic RT 027 was not identified; however, small numbers of
virulent RTs 078 and 244 were found. Resistance to vancomycin, metronidazole and fidaxomicin was not
detected and resistance to moxifloxacin was very low (3.4%). Fidaxomicin showed potent in vitro activity against
all 440 isolates (MIC50/MIC90 0.03/0.12 mg/L) and was superior to metronidazole (MIC50/MIC90 0.25/0.5 mg/L)
and vancomycin (MIC50/MIC90 1/2 mg/L).

Conclusions: These data confirm the potent in vitro activity of fidaxomicin against C. difficile. Moreover, this study
provides an important baseline for ongoing long-term surveillance of antimicrobial resistance and prospective
tracking of prominent and emerging strain types.

Introduction
Clostridium difficile infection (CDI) and its life-threatening sequelae
present a significant clinical and economic burden to global health-
care systems.1 Moreover, CDI is increasingly recognized as an
important and likely under-recognized disease in the community,
with possible environmental and zoonotic sources.2 The key risk
factors for CDI are well established and include advanced age

(.65 years), longer length of hospital stay and, of most significance,
perturbation of the normal colonic microbiota through exposure to
broad-spectrum antibiotics.1 Oral metronidazole and oral vancomy-
cin are recommended for treatment of mild-to-moderate and
severe CDI, respectively.3 However, increasingly these agents are
associated with reports of treatment failures, CDI recurrence, MIC
creep with metronidazole and risk of selection of acquired glycopep-
tide resistance in enterococci and staphylococci for vancomycin.3
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Fidaxomicin is a non-systemic macrocyclic antibiotic devel-
oped by Optimer Pharmaceuticals Inc. (San Diego, CA, USA).
Fidaxomicin displays potent bactericidal activity against C. difficile
and has several favourable pharmacodynamic and microbio-
logical characteristics, which make it an excellent candidate for
treating CDI. Among these are a low propensity for resistance
development, a novel mechanism of action (inhibition of RNA
polymerase-mediated transcription at a site distinct from where
rifamycins interact) and an ability to inhibit toxin and spore pro-
duction in vitro.4 – 6 Importantly, fidaxomicin displays a narrow
spectrum of activity, consequently minimizing disruption of the
colonic microbiota, especially Bacteroides spp.7 This minimal
effect on the gut flora was reflected in the results of recent clinical
trials8 – 10 and a recent WGS study,11 which indicated that treat-
ment with fidaxomicin significantly reduces the chance of CDI
recurrence.

Changes in the incidence and severity of CDI in the last two
decades have been attributed to the emergence and global dis-
semination of hypervirulent lineages of C. difficile including PCR
ribotypes (RTs) 078 and 027.1,12,13 Currently, RTs 078 and 027
are not endemic to Australia, yet despite this absence and the
implementation of new infection control and patient manage-
ment practices,14,15 rates of CDI in all states in Australia have
increased significantly since mid-2011.16 Such an increase could
be explained, at least in part, by changes in testing algorithms
implemented during this period (greater number of tests and
more sensitive molecular assays), but possibly also reflects the
emergence of new RTs such as RT 244 and a significant proportion
of cases (26%) from sources outside the hospital setting.17,18

Despite this increase in incidence, most clinical microbiology
laboratories in Australia do not routinely culture diarrhoeal stools
for C. difficile and even fewer laboratories perform antimicrobial
susceptibility testing on recovered strains. In this study, the
in vitro activity of fidaxomicin and eight comparator antibiotics
against currently circulating RTs of C. difficile in Australia was
investigated.

Materials and methods

Sample collection
Ten diagnostic microbiology laboratories across Australia were asked to
participate in this study, two from each of Western Australia (WA), New
South Wales (NSW), Victoria (VIC), South Australia (SA) and Queensland
(QLD). In each state, half of the laboratories were based in large tertiary
care medical centres (public hospital sites) and the other half were private
pathology laboratories servicing general practitioners, aged care facilities
and some private hospitals (community sites).

The study comprised three collection periods in August–September
2013 (phase 1), February–March 2014 (phase 2) and August–September
2014 (phase 3), during which sites saved up to 15 isolates of C. difficile or
stool samples that were reported as either: (i) positive for C. difficile toxin(s)
by cell culture cytotoxicity neutralization assay (CCNA) or enzyme immuno-
assay (EIA); or (ii) positive by PCR for either the tcdA gene or the tcdB gene.
Samples from children ,1 year of age were excluded from analysis.
Aliquots of positive stools were stored at 2708C by participating sites and
shipped to the reference laboratory (PathWest Laboratory Medicine,
Nedlands, WA, Australia) under ambient conditions as spore suspensions
in Amies Transport Medium with or without charcoal. All samples/isolates
were stored at 48C and processed within 24 h of arrival at the reference
laboratory.

C. difficile culture
PCR-positive stool samples and spore suspensions of C. difficile were plated
directly onto C. difficile ChromIDTM agar (bioMérieux, Marcy-l’Étoile, France)
and incubated anaerobically at 378C. Plates were read at 24 and 48 h and
presumptive C. difficile colonies were subcultured onto pre-reduced blood
agar (PathWest Media, Mt Claremont, WA, Australia) and incubated anaer-
obically. Identification of C. difficile on blood agar was on the basis of char-
acteristic chartreuse fluorescence under long-wave UV light (�360 nm),
characteristic horse dung odour and colony morphology (yellow, ground
glass appearance). The identity of uncertain isolates was confirmed by
Gram’s stain and the presence of L-proline aminopeptidase activity
(Remel, Lenexa, KS, USA). Samples yielding negative or unusual results
on direct culture were confirmed using previously described methods19

with some modifications. Briefly, samples were cultured in an enrichment
broth containing gentamicin, cycloserine and cefoxitin (PathWest Media).
After 48 h of incubation, 1 mL of each enrichment broth was added to an
equal volume of 96% alcohol (to enhance spore selection) and incubated
at room temperature for ≥60 min before plating onto ChromID agar
as above.

MIC determination using agar incorporation
The MICs of fidaxomicin, amoxicillin/clavulanate, ceftriaxone, clindamycin,
meropenem, metronidazole, moxifloxacin, rifaximin and vancomycin were
determined by the agar incorporation method as described by the
CLSI.20,21 The clinical breakpoints for amoxicillin/clavulanate, ceftriaxone,
clindamycin, meropenem, metronidazole and moxifloxacin used in this
study are those provided by the CLSI.21 Vancomycin breakpoints were
those recommended by EUCAST (http://www.eucast.org)22 and rifaximin
resistance (≥32 mg/L) was as described by O’Connor et al.23 Currently,
there are no published breakpoints for fidaxomicin.

Epidemiological typing
Approximately one-third of all isolates from each state (n¼151) under-
went PCR for the presence of toxin A (tcdA), toxin B (tcdB) and binary
toxin genes (cdtA and cdtB).24,25 PCR RTs were determined by amplification
of 16S-23S rDNA spacers using the primer set of Stubbs et al.26 and PCR
ribotyping reaction products were processed using BioNumericsTM soft-
ware package v.6.5 (Applied Maths, Saint-Martens-Latem, Belgium) as pre-
viously described.27 RTs were identified by comparison of 16S-23S rDNA
spacer banding patterns with our reference library, consisting of the
most prevalent RTs currently circulating in Australia (T. V. Riley and

Table 1. Summary of sample collection and C. difficile recovery

Phase
Site
type

No. of specimens/isolates
C. difficile

recovery, n (%)NSW QLD SA VIC WA total

1 private 19 21 13 15 9 77 67 (87.0)
public 31 5 21 22 19 98 89 (90.8)
total 50 26 34 37 28 175 156 (89.1)

2 private 15 10 14 15 14 68 68 (100.0)
public 15 6 15 15 15 66 66 (100.0)
total 30 16 29 30 29 134 134 (100.0)

3 private 20 24 8 17 13 82 71 (86.6)
public 23 4 17 22 17 83 79 (95.2)
total 43 28 25 39 30 165 150 (90.9)

Total 123 70 88 106 87 474 440 (92.8)
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B. Elliott, unpublished data) and a collection of reference strains from the
ECDC. In some instances, isolates could not be identified with the refer-
ence library and were designated with internal nomenclature.

Results

Isolate collection

A total of 474 eligible samples (stool or spore suspensions) were
received during the three collection periods and, from these, 440
(92.8%) isolates of C. difficile were recovered (Table 1). Isolates
from private laboratories comprised 44%, 51% and 50% of the
total collected for phases 1, 2 and 3, respectively (Table 1).
Patient demographics for collection phases 1, 2 and 3 were,
respectively: age range 1–96 years, median age¼71 years and
60.5% female; age range 1–95 years, median age¼67 years and
62.2% female; and age range 1–99 years, median age¼69 years
and 62.0% female.

Epidemiological typing and toxin profiling of C. difficile
isolates

Of the 440 isolates recovered, 151 (34%) [NSW (n¼39), QLD
(n¼21), SA (n¼27), VIC (n¼31) and WA (n¼33)] were selected

at random and characterized by ribotyping and PCR for toxin
genes. Overall, 37 RTs were identified and 81.5% (123/151) were
assigned to 1 of 19 internationally recognized RTs (Figure 1). RTs
078 (n¼2) and 244 (n¼3) were identified; however, no RT 027
was found. RT 014 was the most common RT overall representing
29.8% (45/151) of isolates, followed by RT 002 comprising 15.9%
of isolates (24/151) (Figure 1). A number of isolates (n¼24) could
not be identified with the available reference library and 4 isolates
were similar to known RTs but were not perfect matches. In these
instances, RTs were designated with internal typing nomenclature
(QX, QX-like and UK-like). PCR ribotyping patterns for the 13 most
prevalent RTs (014, 002, 103, 070, 020, QX 158, 046, 056, 054, QX
076, 017, 244 and 078), which comprised 79.5% of isolates
(n¼120), are shown in Figure 2, along with their distribution
between states and laboratory type.

Of the 151 isolates of C. difficile for which toxin gene profiles
were generated, 143 (94.7%) were positive for tcdA and tcdB
(A+B+), of which 5 (3.3%) were also positive for cdtA/B (CDT+).
Three isolates typed as RT 017 had an unusual toxin profile
(A2B+CDT2) and five isolates identified as RT 010 (n¼1), QX
086-like (n¼1), RT 039 (n¼1) and QX 191-like (n¼2) were non-
toxigenic (A2B2CDT2). Toxin gene profiles for the 13 most preva-
lent RTs are shown in Figure 2.
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In vitro activity of fidaxomicin and comparators

Fidaxomicin showed potent in vitro activity against all isolates
in this study (MIC range ≤0.008–0.5 mg/L), inhibiting 99.8%
(n¼439/440) of isolates at 0.25 mg/L and all isolates at 0.5 mg/L
(Figure 3). A single isolate with a fidaxomicin MIC of 0.5 mg/L
was resistant to moxifloxacin (MIC 16 mg/L) and clindamycin
(MIC 8 mg/L). The in vitro activity of fidaxomicin (MIC50/MIC90

0.03/0.12 mg/L) was superior to metronidazole (MIC50/MIC90

0.25/0.5 mg/L) and vancomycin (MIC50/MIC90 1/2 mg/L) (Figure 3
and Table 2), but was slightly less active than rifaximin (MIC50/MIC90

0.008/0.015 mg/L) (Table 2). There was no significant difference in
the MIC50 and MIC90 of fidaxomicin for the different RTs: RT 014

comprising 29.8% of isolates (MIC50/MIC90 0.03/0.12 mg/L), RT
002 comprising 15.9% of isolates (MIC50/MIC90 0.03/0.12 mg/L)
and the remaining 35 other RTs comprising 54.3% of isolates
(MIC50/MIC90 0.06/0.12 mg/L).

Slight differences in the MIC50 of fidaxomicin were seen
between phases (phase 1, 0.06 mg/L; phase 2, 0.015 mg/L; and
phase 3, 0.03 mg/L); however, the fidaxomicin MIC90 remained
the same throughout (0.12 mg/L) and no association between
RT and low fidaxomicin MIC was identified. Metronidazole showed
greater in vitro activity compared with vancomycin (MIC90 0.5 and
2 mg/L, respectively). The MIC range, MIC50 and MIC90 of both
agents was consistent across PCR RTs and all states (Tables 2
and 3, respectively) and between phases of testing (data not
shown). The MIC range, MIC50 and MIC90 of rifaximin were the
lowest of all agents tested and remained consistent across PCR
RTs and all states (Tables 2 and 3, respectively) and between
phases of testing (data not shown). Overall, non-susceptibility to
ceftriaxone and clindamycin was 86.1% and 95.0%, respectively.
All isolates were susceptible to amoxicillin/clavulanate and rifax-
imin and non-susceptibility to meropenem was very low (0.5%,
n¼2/440) (Table 2). Moreover, the percentage of isolates resistant
to moxifloxacin (MIC .4 mg/L) was low (n¼15/440, 3.4%)
(Table 2) and was similarly distributed in WA, VIC, SA and NSW
but not present in QLD (Table 3). Resistance to vancomycin (MIC
≥4 mg/L) and metronidazole (MIC .16 mg/L) was not detected
(Table 2).

Discussion
Only one small study of Australian C. difficile antimicrobial suscep-
tibility has been published and that was .12 years ago.28 In the
study by Leroi et al.,28 antimicrobial susceptibility was determined
for six agents including vancomycin, metronidazole and moxi-
floxacin (by Etest methodology) for 80 isolates of C. difficile
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collected over a 10 year period from hospitals in Sydney, NSW. In
this current study, vancomycin and metronidazole showed good
in vitro activity against all strains, with distributions and MIC90

values comparable to the earlier Australian study28 and another
recent study.29 Importantly, resistance to vancomycin (MIC
≥4 mg/L) or elevated metronidazole MICs were not observed
and likely account for differences in the MIC ranges of these
agents reported herein (vancomycin MIC range¼0.5 –2 mg/L

and metronidazole MIC range¼0.12– 1 mg/L) and in a large
study in Europe (vancomycin MIC range¼0.5–8 mg/L and metro-
nidazole MIC range¼0.015–4 mg/L).10

Fidaxomicin showed excellent in vitro activity against all C. difficile
isolates, with an MIC50 3-fold and 5-fold lower than metronidazole
and vancomycin (0.03, 0.25 and 1 mg/L, respectively). A comparable
trend and MIC distribution of these agents was observed in all five
states and is in accordance with data from other studies.29,30 Our

Table 2. Susceptibility and summary MIC data of fidaxomicin and comparators for 440 C. difficile isolates, by PCR RT

PCR RT Antimicrobial

Susceptible Intermediate Resistant
MIC range

(mg/L)
MIC50

(mg/L)
MIC90

(mg/L)n % n % n %

All (n¼440) FDX 440 100.0 — — — — ≤0.008–0.5 0.03 0.12
VAN 440 100.0 — — — — 0.5–2 1 2
MTZ 440 100.0 — — — — 0.12–1 0.25 0.5
RFX 440 100.0 — — — — 0.004–0.015 0.008 0.015
MXF 423 96.1 2 0.5 15 3.4 0.5–32 2 2
CLI 22 5.0 47 10.7 371 84.3 0.5 to .32 8 .32
AMC 440 100.0 — — — — 0.12–2 0.5 1
CRO 61 13.9 299 68.0 80 18.2 8 to .128 32 128
MEM 438 99.5 2 0.5 — — 1–8 2 4

RT 014 (n¼45/151, 29.8%) FDX 45 100.0 — — — — ≤0.008–0.12 0.03 0.12
VAN 45 100.0 — — — — 1–2 1 2
MTZ 45 100.0 — — — — 0.12–0.5 0.25 0.5
RFX 45 100.0 — — — — 0.004–0.015 0.008 0.015
MXF 42 93.3 1 2.2 2 4.4 0.5–8 2 2
CLI 4 8.9 6 13.3 35 77.8 1 to .32 4 16
AMC 45 100.0 — — — — 0.5–2 0.5 1
CRO 8 17.8 32 71.1 5 11.1 16 to .128 32 64
MEM 45 100.0 — — — — 1–4 2 4

RT 002 (n¼24/151, 15.9%) FDX 24 100.0 — — — — ≤0.008–0.25 0.03 0.12
VAN 24 100.0 — — — — 0.5–2 1 2
MTZ 24 100.0 — — — — 0.25–0.5 0.5 0.5
RFX 24 100.0 — — — — 0.004–0.015 0.008 0.015
MXF 24 100.0 — — — — 2 2 2
CLI 1 4.2 — — 23 95.8 2 to .32 8 16
AMC 24 100.0 — — — — 0.5–1 1 1
CRO — — 13 54.2 11 45.8 32 to .128 32 128
MEM 24 100.0 — — — — 2–4 2 4

Thirty-five ‘other’ RTs
(n¼82/151, 54.3%)

FDX 82 100.0 — — — — ≤0.008–0.25 0.06 0.12
VAN 82 100.0 — — — — 0.5–2 1 2
MTZ 82 100.0 — — — — 0.12–0.5 0.25 0.5
RFX 82 100.0 — — — — 0.004–0.015 0.008 0.015
MXF 79 96.3 — — 3 3.7 1–16 2 2
CLI 3 3.7 11 13.4 68 82.9 0.5 to .32 8 .32
AMC 82 100.0 — — — — 0.12–1 0.5 1
CRO 12 14.6 66 80.5 4 4.9 16 to .128 32 32
MEM 82 100.0 — — — — 1–4 2 4

FDX, fidaxomicin; VAN, vancomycin; MTZ, metronidazole; RFX, rifaximin; MXF, moxifloxacin; CLI, clindamycin; AMC, amoxicillin/clavulanate; CRO,
ceftriaxone; MEM, meropenem.
MIC breakpoints applied for clindamycin, amoxicillin/clavulanate, ceftriaxone, meropenem, moxifloxacin and metronidazole are those recommended for
anaerobes by the CLSI.21 For vancomycin, breakpoints are those recommended by EUCAST.22 Rifaximin resistance (≥32 mg/L) is as described by
O’Connor et al.23 Currently, no breakpoints exist for fidaxomicin.
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data are also in agreement with recent studies comparing fidaxomi-
cin favourably with other promising candidates for treatment of CDI:
SMT19969 and LFF571.31,32

The low proportion of resistance to moxifloxacin (3.4%) does
contrast significantly with the earlier Australian study, which
reported 87.5% and 78.8% of isolates resistant to moxifloxacin
and gatifloxacin, respectively.28 However, these figures reflect
the lower resistance breakpoint (≤2 mg/L) used at that time; in
addition, differences in testing methodology may have contribu-
ted. Importantly, no typing was performed on these isolates.28

Our data for moxifloxacin also contrast with some recent studies
overseas, in which resistance proportions are as high as 36%.33,34

Notwithstanding the limited findings of Leroi et al.28 .12 years
ago, the low proportion of fluoroquinolone resistance is likely a
result of two factors: (i) a lack of epidemic fluoroquinolone-resistant
RT 027 in Australia; and (ii) Australia’s conservative policy on fluoro-
quinolone use.17

In our study, non-susceptibility to meropenem was low (0.5%)
and different from a recent report from Poland where Lachowicz
et al.29 reported 87.9% of strains were resistant to the related car-
bapenem, imipenem. Rifaximin showed potent activity against all
strains and was superior to vancomycin, metronidazole and

fidaxomicin; however, its use in Australia for treatment of bacter-
ial infections remains very limited and is even discouraged, due to
concerns over rapid resistance development and hepatoxicity.4,5

Point mutations in the b-subunit of RNA polymerase result in
resistance to rifaximin and have also been associated with
in vitro resistance to fidaxomicin.35 However, to date, no in vivo
resistance to fidaxomicin has been reported and the propensity
for fidaxomicin resistance to develop appears low.4 However, con-
tinued surveillance of susceptibility of C. difficile populations in
Australia to fidaxomicin is essential, particularly with a potential
increase in clinical use of fidaxomicin in the coming years.

Epidemiological typing revealed a heterogeneous strain popu-
lation comprising 37 different RTs, the most common of which
were RT 014 (29.8%) and RT 002 (15.9%). RT 014 is the most com-
mon RT causing CDI in humans in Australia36 and in Europe.37 The
prevalence reported in this current study (�30%) is higher than
previously described in Australia (�25%)36 and appeared to
peak during the second collection phase. Interestingly, RT 014
was recently reported as the most prevalent RT in neonatal pigs
in Australia.38 The higher prevalence of RT 014 in this study was
unexpected and further demonstrates the dynamic nature of
CDI epidemiology.

Table 3. State-wide comparisons of summary MIC data of fidaxomicin, vancomycin, metronidazole, moxifloxacin and rifaximin

State n Antimicrobial MIC range (mg/L) MIC50 (mg/L) MIC90 (mg/L) Percentage susceptible

NSW 113 FDX ≤0.008–0.5 0.06 0.12 100.0
VAN 0.5–2 1 2 100.0
MTZ 0.12–1 0.5 0.5 100.0
MXF 0.5–16 2 2 94.6
RFX 0.004–0.015 0.008 0.015 100.0

QLD 64 FDX ≤0.008–0.5 0.03 0.25 100.0
VAN 0.5–2 1 2 100.0
MTZ 0.25–0.5 0.5 0.5 100.0
MXF 1–2 2 2 100.0
RFX 0.004–0.015 0.008 0.015 100.0

SA 84 FDX ≤0.008–0.25 0.06 0.12 100.0
VAN 0.5–2 1 2 100.0
MTZ 0.25–1 0.25 0.5 100.0
MXF 1–32 2 2 97.6
RFX 0.004–0.015 0.008 0.015 100.0

VIC 92 FDX ≤0.008–0.25 0.06 0.12 100.0
VAN 0.5–2 1 2 100.0
MTZ 0.12–1 0.25 0.5 100.0
MXF 1–16 2 2 96.7
RFX 0.004–0.015 0.008 0.015 100.0

WA 87 FDX ≤0.008–0.25 0.015 0.12 100.0
VAN 0.5–2 1 1 100.0
MTZ 0.12–1 0.25 0.5 100.0
MXF 1–16 2 2 95.4
RFX 0.004–0.015 0.008 0.008 100.0

FDX, fidaxomicin; VAN, vancomycin; MTZ, metronidazole; MXF, moxifloxacin; RFX, rifaximin.
MIC breakpoints applied for moxifloxacin and metronidazole are those recommended for anaerobes by the CLSI.21 For vancomycin, breakpoints are
those recommended by EUCAST.22 Rifaximin resistance (≥32 mg/L) is as described by O’Connor et al.23 Currently, no breakpoints exist for fidaxomicin.
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Prevalence of RT 002 in this study was also higher than previ-
ously reported in Australia (4.3%).36 This RT is the predominant
clone recovered from patients with CDI in Hong Kong (9.4%)
and was associated with a significant increase in incidence of
CDI over a 5 year study period (2004– 09).39 In addition, the
authors noted that the sporulation efficiency of this RT is compar-
able to epidemic RT 027, indicating its potential to disseminate
and persist in the hospital environment and contribute to
outbreaks.39

A small number of RT 078 (A+B+CDT+, n¼2) were identified
in this study and originated from NSW and SA in one private and
public laboratory, respectively. In some countries, infectious diar-
rhoea attributable to RT 078 in the community setting contributes
up to a quarter of all cases.2 Epidemic RT 027 was not found in this
study; however, small numbers of RT 244 (A+B+CDT+, n¼3),
which belongs to the same clonal lineage as RT 027,18 were
found in VIC (n¼2) and NSW (n¼1) from both public and private
laboratories. RT 244 is associated with increased severity of
disease and its origin is hypothesized to be outside the hospital
setting.18 Low numbers of UK 017 were identified in this study.
UK 017 has a variant toxin profile (A2B+CDT2) and has been
responsible for CDI outbreaks across several Asian countries.40

One limitation of our study may relate to the clinical signifi-
cance of the isolates tested. The choice of a diagnostic assay for
CDI remains a controversial issue.41 In recent years, diagnostic
laboratories in Australia have implemented significant changes
in testing for CDI, with most laboratories moving away from the
use of the CCNA and EIAs (which detect free toxin) to detection
of C. difficile toxin genes (tcdA/tcdB) by PCR. Although highly sen-
sitive, PCR-based assays may overcall CDI because they do not
allow for differentiation between infection and colonization by
C. difficile.41 For this current study, the majority of CDI isolates
(.95%) were derived from PCR-positive stool specimens,
described by the Australian Commission on Safety and Quality
in Health Care as suitable for surveillance.42

In conclusion, resistance to agents used to treat CDI (vanco-
mycin, metronidazole and fidaxomicin) was not detected and
resistance to fluoroquinolones was very low. Fidaxomicin showed
superior in vitro activity compared with vancomycin and metro-
nidazole, a finding that further supports the use of fidaxomicin
for treatment of CDI in Australia. Moreover, a heterogeneous
strain population was identified, dominated by RT 014—the
most common C. difficile strain type in humans and in neonatal
pigs in Australia. Surveillance of current and emerging strains is
a key component in the strategy for understanding and ultimately
reducing the burden of CDI on global healthcare systems. The
data presented herein provide an important baseline for ongoing
long-term surveillance of antimicrobial resistance and prospective
tracking of prominent and emerging strain types.
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