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Abstract

Clostridium difficile infection (CDI) is a significant healthcare concern worldwide, and C. difficile
is recognised as the most frequent aetiological agent of infectious healthcare-associated diarrhoea
in hospitalised adult patients. The clinical manifestation of CDI varies from self-limited diarrhoea
to life-threatening colitis. Such a broad disease spectrum can be explained by the impact of host
factors. Currently, a complex CDI aetiology is widely accepted, acknowledging the interaction
between bacteria and the host. Clostridium difficile strains producing clostridial toxins A and B
are considered toxigenic and can cause disease; those not producing the toxins are non-pathogenic.
A person colonised with a toxigenic strain will not necessarily develop CDI. It is imperative to
recognise patients with active disease from those only colonised with this pathogen and to
implement appropriate treatment. This can be achieved by diagnostics that rely on host factors
specific to CDI. This review will focus on major aspects of CDI pathogenesis and molecular
mechanisms, describing host factors in disease progression and assessment of the host response in
order to facilitate the development of CDI-specific diagnostics.
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1. Introduction

Clostridium difficile infection (CDI) results from infection of the bowel by C. difficile, a
Gram-positive, spore-forming, obligate anaerobic bacterium. Complications of CDI include
severe infection, hypotension, shock and sepsis, ileus, megacolon and perforation, or death
secondary to CDI [1,2]. Traditional risk factors for CDI include age >65 years, recent
hospitalisation, increased length of hospital stay, long-term healthcare facility residence and
antibiotic exposure [3-5]. However, only 25% of all cases of antibiotic-associated diarrhoea
are associated with CDI [6]. This infectious disease is presently diagnosed at a rate of
several hundred thousand cases per year in the USA [7,8]. It has been estimated that for
every additional year of age after age 18 years, the risk of healthcare-associated CDI
increases by ca. 2% [5].

For the last two decades, CDI has re-emerged in healthcare facilities with nearly a 10-fold
increase in mortality [9,10]. It is now rivalling Staphylococcus aureus and vancomycin-
resistant enterococci as a cause of nosocomial infection [11]. In the USA, C. difficile was
associated with ca. 29 000 deaths in 2011 [4]. In addition to the morbidity and mortality
associated with CDI, the US healthcare system expends considerable financial resources for
care of this disease [12].

Traditionally, CDI has been considered as a hospital-acquired disease. Currently, however,
only 20-25% of all CDI represents disease associated with healthcare exposure [12]. Recent
epidemiology suggests the emergence of CDI into new populations having virtually no
contact with healthcare settings, including healthy adults, children, pregnant women and
patients who have not been subjected to antibiotic therapy [3,13,14]. An additional main
challenge in CDI management is the rate of disease recurrence of 15-30% [15].

Critically, there is no specific diagnostic test for CDI. The current diagnostic strategy relies
on combining clinical symptoms and signs (such as frequency of diarrhoea, antibiotic
exposure and elevated white blood cell count) with a positive diagnostic test for toxigenic C.
difficile. Remarkably, this organism can colonise 10 times as many patients
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asymptomatically than actually develop infection [16]. Combining a high colonisation rate
with the fact that 20% of hospitalised patients can have diarrhoea from any cause [17-21]
makes it imperative to develop CDI-specific diagnostics that goes beyond simply detecting
C. difficile toxin(s)/gene(s). Here we briefly review the current state of understanding of the
molecular bases of CDI and efforts to develop a CDI-specific test.

2. Clostridium difficile infection and the host microbiome

CDl is characterised by severe alterations in the normal colonic bacterial flora [22]. The
human colon is a complex and diverse ecosystem lined by a mucous membrane [23]. It has
been postulated that the normal colonic microbiome provides some degree of protection
against pathogenic organisms. The mechanism of this protection is incompletely understood
but it has been described as ‘colonisation resistance’, with a healthy microbiome making it
more difficult for C. difficik to colonise and infect the colon [24].

One of the mechanisms is competition for essential nutrients and attachment sites to the gut
wall [25]. The other mechanism refers to bacterial populations within the gastrointestinal
tract existing in two forms—free-floating cells and sessile bacteria within mucosa-associated
biofilm communities. The sessile bacteria are often comprised of multispecies populations
[23,26]. Mucosal communities interact closely with host epithelial cells and may have a
greater influence on disease pathogenesis. Alteration of the normal gut microflora or colon
microbial diversity (by antibiotic therapy) decreases the level of protection and represents
the main risk factor for CDI [21,27]. However, not all classes of antimicrobials an carry
equal risk for CDI predisposition [6].

Typically, disease onset occurs 4-9 days after the beginning of antimicrobial treatment [28].
Antibiotics having the highest CDI risk include clindamycin, cephalosporins, penicillins
and, more recently, fluoroquinolones. Their frequent usage can increase cumulative
antibiotic exposure over time leading to alteration of the indigenous gut microbiota,
therefore providing a possibility of C. difficile colonisation and subsequent disease
[6,18,29].

There is a belief that failure to restore the normally diverse microbial intestinal community
may be related to disease recurrence in patients recovering from CDI [30,31]. Interestingly, a
small study showed no difference between the faecal microbiota of asymptomatic C. difficile
carriers and healthy subjects, but lower bacterial diversity in patients with C. difficile-related
diarrhoea [32]. Animal studies demonstrated that certain bacterial species are present at low
frequencies under gut homeostasis but they become more frequent and exhibit many
opportunistic properties during dysbiosis [33].

3. Colonisation

Carriage of toxigenic C. difficile in asymptomatic patients is increasingly common.
Numerous reports demonstrated a prevalence of asymptomatic C. difficile colonisation
during hospital admission as high as 10-15% [19,34-37]. One explanation for such high
rates compared with earlier reports is application of more sensitive methods for detection.
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Clearly, there are some patient populations (infants and the elderly) prone to high rates of C.
difficile colonisation [10]. Thus, C. difficile is a frequent component of the faecal microbiota
of newborn infants not causing disease [38]. Clostridium difficile colonisation in children is
common but severe infection and death are much less frequent than in adults [39]. This
might be explained by the fact that in infants the microbiota is insufficiently developed and
colonisation resistance is not yet established [40,41]. In one study, the microbial flora
composition of infants colonised with C. difficile had increased frequencies of K/lebsiella
pneumoniae, Ruminococcus gnavus and Clostridium nexile [40]. Their healthy non-
colonised counterparts exhibited higher levels of Staphylococcus epidermidis, Escherichia
colf and Bifidobacterium longum. It was suggested that specific microflora composition may
promote C. difficile colonisation. Interestingly, the study reported that infants were
colonised with a single clone of C. difficile for several months [40], but the clone could
change as new infant food is introduced.

High colonisation rates of 10-50% were also reported in elderly institutionalised adults [42].
Such observations may reflect the comprehensive influence of host factors such as age, co-
morbidity, co-administered medications and functional status for disease severity [43].

4. Pathogenesis of Clostridium difficile infection

Clostridium difficile toxin(s) can cause disease within 1 day of the inciting event, usually
initial antibiotic therapy, and for up to 2 months after discontinuation of treatment [18,29].
Clostridium difficile spores, the main mode of transmission due to strict anaerobic
requirements of the organism, must interact with host epithelial tissue, germinate following
interactions with small molecule germinants resulting in vegetative growth of the pathogen,
and produce toxin(s) during the cycle of sporulation of a new bacterial generation [44] (Fig.
1). Toxin production and secretion increases after vegetative cells enter into the stationary
growth phase [33,39].

A mouse model study demonstrated that during disease, CDI was localised in the large
intestine and did not occur in the small intestine [45]. However, it was confirmed that
germination of C. difficile spores occurred in the small intestine regardless of antibiotic pre-
treatment. The cecum was determined as the site for optimal C. difficile growth, toxin
production and disease after antibiotic treatment [45].

It appears that two interconnected events cause manifestation of clinical CDI [46]: (i)
epithelial cell intoxication by C. difficile toxins (Fig. 1A); and (ii) inflammation-associated
colon tissue damage (Fig. 1B). The latter, in turn, is simultaneously modulated by: (i) toxin—
receptor interaction through activation of mucosal immune cells; and (ii) adhesion of C.
difficile vegetative cells to the epithelium through non-toxin virulence factors.

4.1. Toxin aetiology of Clostridium difficile infection

The main C. difficile toxins are monoglucosyltransferases. Toxin A (TcdA) was classically
considered an important enterotoxin but not essential for virulence, whereas toxin B (TcdB)
had more potent cytotoxic activity. Whilst some studies re-established the importance of the
both toxins suggesting a synergised effect between them [47-49], recent studies clearly
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indicated that TcdB was the major virulence factor of C. difficile and did not require the
presence of TcdA [50,51].

At a clinical level, variant strains of TcdA-negative, TcdB-positive C. difficile were
indistinguishable from strains producing both toxins. Patients infected with such strains
exhibited the full spectrum of CDI symptoms [50]. Alternatively, variant toxins have
alterations in their substrate specificity that may have an impact on disease severity and
outcome [50]. To date there have been no confirmed C. difficile strains that solely produce
TcdA known to cause CDI [52]. However, there is evidence that the prevalence of clinically
relevant CDI cases due to TcdA-negative, TcdB-positive strains has increased globally
[53,54].

During cell infection, the toxins are subject to time-dependent degradation due to proteolysis
and pH effects [50]. They modify the activity of members of the host Rho family of small
GTPases [55], key cellular regulatory proteins, leading to actin filament depolymerisation,
cytoskeletal disruption and subsequent intestinal epithelial cell death (Fig. 1A) [56-58].
Recent histopathological analysis of caecal and colonic tissues collected from infected mice
showed that TcdB caused the majority of intestinal damage during infection, with TcdA
causing more superficial and localised damage [51].

Besides the well characterised TcdA and TcdB toxins, a binary toxin CDT has been
identified [59,60]. CDT is an ADP-ribosyltransferase that has been shown to disrupt the
cytoskeleton of the cell, leading to cell rounding, loss of fluids and cell death [61,62]. Itis a
suspected C. diifficile virulence factor shown to be involved in the formation of long
microtubule protrusions in the host cell, facilitating bacterial attachment [63]. CDT is
produced by some but not all toxigenic C. difficile strains and, in contrast to TcdA and
TcdB, plays a minor role in CDI [51]. The CDT-positive but TcdA- and TcdB-negative
strains were avirulent in the hamster infection model [64]. The contribution of the binary
toxin to human disease is still being elucidated.

4.2. Inflammatory response

An essential first step for CDI is colonisation of host mucosal surfaces [65]. The disease is
characterised by tissue injury and an acute intestinal inflammatory response highlighted by
neutrophil infiltration [66] (Fig. 1C). A study in mice demonstrated that the primary cellular
immune response to toxin was oedema and polymorphonuclear cell infiltration [67]. The
intense immune activation results in the endoscopic findings of the “volcano lesion’ and
pseudomembranes.

Inflammation-associated tissue damage is thought to be secondary to the intoxication of
intestinal epithelial cells in CDI pathogenesis [52,68]. Following breakdown of the intestinal
epithelial barrier, immune cells within the mucosa are activated by TcdA and TcdB,
eventually leading to the release of inflammatory mediators [pro-inflammatory cytokines
interleukin-1p (IL-1pB), tumour necrosis factor-a (TNFa) and I1L-8 from activated
macrophages] [52,69] (Fig. 1B). The central role of inflammation in CDI pathogenesis is
highlighted by the fact that the magnitude of the inflammatory response is the best predictor
of CDI poor outcome, but not the overall bacteria/toxin burden within the intestine [70].
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Of importance is the host immune system, as evidenced by the higher rates of infection and
worsening disease severity among the elderly and other persons who lack the ability to
mount an effective humoral immune response [5,66]. Therefore, all current data on CDI are
moving towards emphasising a link between bacteria—host cellular immune interaction,
homeostasis and the gut microbiome [69].

5. Clostridium difficile infection diagnostics

There is renewed interest in the development and validation of clinical prediction tools for
CDIL. Currently, laboratory testing available for CDI identification include sigmoidoscopy
and colonoscopy, toxigenic culture (TC), cell cytotoxicity assay (CCTA), enzyme
immunoassay (EIA), glutamate dehydrogenase (GDH) EIA, as well as real-time PCR
(rtPCR) and loop-mediated isothermal amplification (LAMP) assay, which is less costly but
uncommon in the clinical laboratory environment [71]. Together, clinical prediction
algorithms and reliable laboratory diagnostics will greatly facilitate early diagnosis. Yet a
number of CDI studies demonstrated that host response determines the character of the
intestinal inflammation and clinical severity.

5.1. Bacteria detection

Currently there is no ‘gold standard’ for the diagnosis of CDI, other than possible direct
visualisation of characteristic lesions using colonoscopy [72]. The two laboratory reference
methods most commonly cited are the stool CCTA, which detects the presence of ‘free’ C.
difficile toxins, and TC, which detects C. difficile isolates producing toxins in vitro with the
potential for producing toxins in vivo [20,73]. However, it must be noted that these methods
only detect the presence of a disease-causing organism and when positive are not diagnostic
of clinical infection.

Of note, a recent large multicentre study of CDI reported CCTA as the best diagnostic
indicator for CDI disease [20,22], however the sensitivity of this test can be as low as 50%
when TC is used as the reference method [74]. CCTA appears to have a sensitivity of only
89% in cases where pseudomembranes are seen on colonoscopy [29]. A positive TC may
still indicate a patient who is an infection risk to others [20]. Yet it should be clear that the
current diagnosis requires clinical judgement along with the positive result of a diagnostic
test. Also, TC and CCTA are laborious, time consuming, and suffer from suboptimal
specificity and/or sensitivity [38,75].

Newer rapid nucleic acid amplification tests (NAATS) formatted in rtPCR and LAMP for
detection of TcdB and TcdA genes offer improved sensitivity over immunoassays [76,77].
However, concerns relate to the biology of C. difficile and how detection of the genes
correlates with expression of the toxins [38]. NAATS yield more positives than CCTA [20].
A number of studies confirmed that molecular detection of CDI is very sensitive although
less specific, therefore leading to overdiagnosis of CDI [74,78].

Two meta-analyses of the performance of rtPCR reported its high sensitivity and specificity,
however they were highly dependent on CDI prevalence [71,79]. According to Deshpande et
al., the negative predictive value (NPV) of rtPCR was acceptable at a C. difficile prevalence
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of <10% [79]. This suggests the assay may serve as an effective screening test in endemic
situations, with emphasis on a negative test result. However, Lloyd et al. reported the
possibility that the LAMP assay may be more sensitive and specific than rtPCR [80]. The
positive predictive value (PPV) and NPV for LAMP were better than rtPCR in settings
where the CDI prevalence was <15%. It was suggested that rtPCR may be more suitable in
epidemic conditions with a higher prevalence, and LAMP for settings with a lower C.
difficile prevalence [80]. Nevertheless, the diagnosis of CDI either with rtPCR or LAMP
should only be made in the presence of strong clinical symptoms consistent with CDI. This
is highlighted by the fact that stool PCR tests remain positive for C. difficile for up to 30
days after successful treatment [81]. Whilst a negative result is adequate to rule out the
presence of the disease [71], a positive stool test does not distinguish colonised patients from
those with symptomatic disease [82].

Currently, 13 commercial NAATSs have been approved by the US Food and Drug
Administration (FDA) [83]. Some of these use PCR techniques, whilst the others utilise
LAMP or helicase-dependent amplification method for detection of C. difficile toxins or
regulatory genes [77]. The TcdB gene is usually chosen as a NAAT target since it is
produced by almost all toxigenic C. difficile strains [60]. The TcdA gene is less frequently
used because ca. 3% of European toxigenic strains have been reported to be TcdA-negative
[84]. A higher prevalence of such strains has been reported throughout Asia [54,77].
However, a discussion of the NAATs for C. difficile target detection is beyond the scope of
this review.

The NAATs fail to discriminate between CDI and C. diifficile asymptomatic colonisation.
Therefore, colonised individuals may test falsely positive for CDI when evaluated for
community-acquired diarrhoea caused by other enteric pathogens [16]. Also, the emergence
of new C. difficile strains with altered toxins or genes can impact all currently existing CDI
diagnostics [85]. This highlights the need for a test beyond simply detecting toxin(s) or
gene(s). Of note, there is great variation between studies in the characteristics of C. difficile
tests, suggesting possible, yet unidentified, human-related or microbe-related factors
affecting test performance [20]. Therefore, it is invaluable to develop CDI diagnostics that
include a biomarker correlated with active infection [38,82], and the most effective would be
the one that relies on specific human response to CDI.

5.2. Host response

There is growing evidence demonstrating the contribution of the host response (immune and
inflammatory) to CDI outcome. Yet to date an assay for CDI host response has not been
established, as well as an optimal assay to supplant or be used with other rapid testing.

5.2.1. Biological markers—As noted earlier, the presence of C. difficile toxins stimulates
a multifaceted immune response involving cytokines, chemokines and mucosal immune
cells [65], eventually activating antibody production. The levels of such antibodies in serum
or stool could be potential CDI biomarkers, however study results to date are complex.

Approximately 60% of healthy older children and adults have detectable serum
immunoglobulin G (IgG) and IgA antibodies to TcdA and TcdB even in the absence of C.
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difficile colonisation or active infection [66]. The level of anti-TcdA and anti-TcdB
antibodies has been considered important in determining whether colonisation or clinical
infection follows C. difficile spore acquisition [86]. Reduced anti-TcdA levels at the start of
infection have been linked both to recurrence and increased 30-day mortality. However, Loo
et al. did not find a significant association between levels of antibodies against TcdA and
TcdB at the time of admission and subsequent healthcare-associated CDI [5,35].

The surface layer proteins (SLPs) are the outermost protein component of C. difficile
responsible for adhesion to host tissue, known to be variable between strains, and may play
an important role in intestinal colonisation and the persistence of CDI [65]. A study revealed
that the levels of antibody to SLPs were similar in patients with CDI, asymptomatic carriers
and controls [87]. In another study, 1gG levels to SLPs were similar in cases and carriers but
were higher compared with controls [88]. Of note, it has been shown that strains that adhere
better to human intestinal cell lines proved to be more virulent in hamsters [89].

Concentrations of a systemic inflammation biomarker (C-reactive protein), white blood
cells, serum creatinine, serum 25-hydroxyvitamin D and albumin have been also reported to
be associated with CDI severity and possible independent mortality predictors [90-92].
However, these markers are non-specific to C. difficile disease [39,92].

It has been suggested that C. difficile is initially recognised in a Toll-like receptor 4- and
MyD88-dependent manner, resulting in low serum expression of IL-23 [46]. Intoxication of
primed host cells by TcdA and TcdB leads to robust IL-1p secretion that further enhances
IL-23 production. However, increased serum IL-1p was also noted in patients with diarrhoea
from other causes [46]. Therefore, these do not appear to be specific for CDI.

Procalcitonin, a biomarker for bacterial infection, was evaluated in association with CDI
severity [93]. In this small study, serum procalcitonin levels did show some promise as a
biomarker for CDI severity. Further studies in a larger cohort need to be done.

5.2.2. Faecal biomarkers—Faecal proteins are ideal biomarkers for gastrointestinal
inflammation owing to direct contact with the intestinal mucosa (containing a large number
of neutrophils) and the non-invasive sampling mode [94]. Faecal markers include a
biologically heterogeneous group of substances that either leak from or are actively released
by the inflamed mucosa [95]. Over the last several decades, a few faecal inflammation
biomarkers have been investigated. Some of these markers have been shown to be produced
in response to C. difficile toxins and therefore have been investigated as predictors of CDI
disease severity (Table 1).

A few publications have indicated that levels of faecal cytokines could be indicators of CDI
severity. El Feghaly reported that the cytokines CXCL-5 and IL-8 as well as lactoferrin (LF)
were more sensitive in identifying patients at risk than clinical parameter or score [70,96],
but they were not specific for disease caused solely by C. difficile. The conclusion in
children was that faecal inflammatory cytokines differentiate asymptomatic C. difficile
colonisation from disease and are associated with CDI poor outcome [96]. To date, however,
there are no commercial assays available for measurement of cytokines in stool.
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5.2.2.1. Lactoferrin (LF): Multiple studies have validated faecal LF measurement as an
accurate marker of intestinal inflammation and its usefulness for inflammatory diarrhoea
[94,97-99]. This glycoprotein is resistant to proteolysis, is not degraded by C. difficile
toxins, and is released following neutrophil activation. LF concentrations in stool and other
fluids are proportional to the number of neutrophils recruited [98,100]. Van Langerberg et al.
showed that a normal LF level effectively excludes inflammatory diarrhoea, therefore it was
proposed as a screening test prior to microbiological assessment of faeces [98]. Faecal LF is
not useful in discriminating between inflammatory diarrhoea caused by bacterial infection
and non-inflammatory diarrhoea in children as well. A study of 1000 stools submitted for
diagnostic testing found the sensitivity and specificity of LF detection to be only 75% and
60%, respectively [85], indicating that it is not a useful test for clinical evaluation of patients
with potential CDI.

5.2.2.2. Calprotectin (CP): CP, a protein resistant to bacterial degradation, has been found
within the cytosol of neutrophils, accounting for ca. 60% of their cytoplasmic proteins [101].
Under inflammatory conditions of the intestinal tract, CP is excreted in stool [100,101] and
can be measured by commercial assays. To differentiate bowel diseases, some cut-off values
of faecal CP have been established. However, other causes of inflammation, such as
infection with enteric pathogens or disease from non-steroidal anti-inflammatory agents,
have to be considered since they may raise the CP level [100]. Currently there is no
reference method or standard for faecal CP [100] other than endoscopy, the ‘gold standard’
for assessing intestinal inflammation.

Overall, CP or LF as faecal markers have emerged as new diagnostic tools to detect and
monitor intestinal inflammation. Evaluation of the accuracy of faecal LF and CP as well as
faecal occult blood testing showed statistically enhanced specificity and positive and
negative likelihood ratios only for CP in predicting infectious diarrhoea [102]. Of note, LF
and CP have been reported be able to differentiate inflammatory disease from functional
bowel disorders [94]. Measuring both faecal LF and CP did not benefit detection [100].
Neither of these assays would differentiate CDI from other causes of diarrhoea.

5.2.2.3. pMK2: Clostridium difficile toxins activate the p38 pathway and its downstream
kinase target MK2 [103]. Whilst p38 protein was suggested as a major regulator and
essential to C. difficile toxin-induced inflammation, MK2 kinase (the p38 substrate) was
proposed to be specifically involved in stress-induced inflammation. Phosphorylated MK2
(pMK?2) phosphorylates specific molecules that regulate the actin cytoskeleton and stabilise
cytokine mRNA transcripts. Tested stool specimens collected from CDI patients
demonstrated that an elevated pMK2 level was significantly associated with the presence of
toxigenic C. difficile [103]. However, like inflammatory cytokine levels, faecal pMK2 may
be a general indicator of intestinal inflammation. It was also shown that MK2 can be
activated by Shiga toxin and during influenza A virus infection [104].

5.2.2.4. Phosphorylated p38 (pp38): pp38 has been tested as a biomarker for symptomatic
CDI in the paediatric population [96]. Elevation of pp38 in the stools of children with CDI
compared with their symptomatic controls was demonstrated. Consistent with previous data
[103], the p38 pathway was suggested as specific for C. difficile-associated injury. Of note,
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in this study C. difficile bacterial burden was not associated with any clinical outcomes. Yet
despite the observation that pp38 might be specific for C. difficile infection, it lacked
sensitivity [96].

5.2.2.5. Interleukin-23: Thirty-six major inflammatory markers present in the stools were
examined in CDI and non-CDI patients [105]. CDI-positive stools exhibited significantly
higher relative amounts of C5a, CD40L, granulocyte colony-stimulating factor (G-CSF),
1-309, IL-13, IL-16, IL-27, monocyte chemoattractant protein 1 (MCP-1), TNFa and IL-8.
However, the study suggested the importance of 1L-8 and IL-23 in CDI
immunopathogenesis. The relative amount of I1L-23 was significantly higher in CDI-negative
stools than in CDI-positive stools. On the other hand, the average concentration of IL-8 in
CDI-positive stools was significantly higher than in CDI-negative stools. These two
cytokines were detected in more CDI-positive stools than CDI-negative stools [105].

A novel proposed marker is justified by the fact that destruction of the actin cytoskeleton by
C. difficile toxins results in accelerated dissociation of colonic epithelial cells leading to cell
death (Fig. 1) [106]. The hypothesis is that the release of cytoskeleton contents of colon
epithelial cells could serve as a specific indicator for the host response in CDI. To
demonstrate this novel approach, we have obtained preliminary results showing the
feasibility of detecting human non-muscle tropomyosin, a major cytoskeleton protein of
colon epithelial cells, released into patients’ stool samples. The preliminary results presented
a promising correlation with the presence of CDI [107]. The biomarker is currently under
investigation, supported by the National Institutes of Health (NIH) (grant R21A1116659).

6. ‘Gold standard’ for Clostridium difficile infection host response assay

Currently, there is no reliable single standing test for CDI diagnostics. The question raises
what could be the choice of reference standard assay in development of a new CDI
diagnostic test. The standard’s performance is crucial for defining true positives and true
negatives. Use of suboptimal tests can blur CDI diagnosis owing to difficulty of
distinguishing C. diifficile and other infective or non-infective causes of diarrhoea [108].

CCTA has been traditionally chosen as the ‘gold standard’ assay for CDI confirmation,
providing the final result in a day from sample submission [109,110], albeit with a
sensitivity of <90% even in the presence of documented colitis [29]. Some investigators
consider TC as more reliable for CDI although it takes 4-5 days. From a number of studies,
the conclusion is drawn that TC detects more positive samples than CCTA [108], however
the specificity is diminished.

Planche and Wilcox discussed the importance of the fact that these two methods detect
different targets [108]. CCTA detects the presence of C. difficile toxins, whilst TC detects C.
difficile bacteria or spores. A faecal sample may be CCTA-negative but TC-positive.
Conversely, a TC-positive result may occur in the absence of CDI. Interestingly, studies
reported that only 90% [111] or 50% [112] of pseudomembranous colitis patients were
CCTA-positive. Therefore, the use of a single laboratory test should not be considered
sufficient as a reference standard for new testing to detect CDI.
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Ideally, the accuracy of laboratory diagnostic tests should be measured using reference
assays utilising the same or equivalent targets [108]. On discrepant samples the use of assays
with different targets likely will not improve assessment of the true accuracy of a diagnostic
test. On note, a meta-analysis of the accuracy of rtPCR for CDI did not reveal differences in
diagnostic sensitivity and specificity by the type of reference standard (CCTA/TC) [79].

In general, patients who are TC-positive but CCTA-negative appear different from those who
are CCTA-positive [29]. Whilst a significant increase in the sensitivity of CDI detection is
observed when TC is used, such advantage is diminished in regard to poor specificity of
culture-based diagnosis secondary to C. difficile carriage [108]. A positive TC does not
necessarily confirm CDI as the cause of diarrhoea. Therefore, none of these two methods are
absolute for CDI diagnostics. If both reference tests were performed, a positive CCTA would
confirm CDI and might be useful for the positive reference standard. Faecal samples
negative by CCTA but positive by culture may be difficult to categorise, but it appears that
many of these cases do not have CDI and it would be reasonable to exclude these from
consideration of validation for a new diagnostic test. Therefore, clinical assessment of such
cases would be important.

Is rtPCR an alternative? The rtPCR-based tests potentially yield false-positive results,
demonstrating moderate specificity and PPVs owing to their high sensitivity and the
potential for detecting colonised, but not clinically infected, persons leading to overdiagnosis
of CDI. The reported sensitivity and specificity has ranged from 83% to 94% and from 97%
to 98%, respectively. Importantly, this approach is not designed to detect the disease but
rather the causative agent, and performance depends on the disease prevalence. Therefore, it
is not a reliable choice for ‘gold standard’ as a stand-alone test.

For years, rapid and simple commercial EIAs detecting clostridial toxin(s) were the most
frequently used CDI assays in clinical laboratories. However, their well confirmed
characteristic is low sensitivity. The sensitivity and specificity of EIAs ranged from 32% to
83% and from 84% to 100%, respectively [20,74,113]. Thus, EIA is suboptimal for
diagnosis of CDI. In addition, it has been demonstrated that E1As are unable to detect some
newer C. difficile strains, including epidemic clones [114]. The performance of toxin
immunoassays varies markedly across manufacturers [110]. Therefore, the overall poor
performance of toxin EIAs led to the recommendation to use them only as a part of a two- or
three-stage algorithm [58,110]. Thus, these tests also are not a reliable choice for ‘gold
standard’ as a stand-alone test.

Another EIA, for GDH (a protein found on most C. difficile isolates), is more sensitive (76—
100%) but less specific. For this reason, GDH is only recommended to be used in
combination with other assays, such as a toxin immunoassay. Taken together, the conclusion
is that EIAs cannot serve as ‘gold standard’ as well.

Summarising from above, it is reasonable to hypothesise that validation of a new diagnostic
test for true CDI, when linked to host response target, should rely on the combined outcome
of two currently available laboratory diagnostic tests and relevant clinical signs. The CCTA
should be the first choice as reference method for determining CDI cases, and a positive
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assay should be consistent with the diagnosis. Since the assay for detection of host response
does not have an equivalent target as in CCTA, samples positive for TC and negative by
CCTA should be excluded in the analysis. Those patients with both TC and CCTA tests
negative should be considered as not having CDI. This will provide a reference standard
where true positive and negative patients are recognised and those with an uncertain
diagnosis are excluded.

7. Conclusion

CDI is a globally important yet poorly diagnosed infectious disease. Current CDI
diagnostics is limited to detection of the organism and/or its toxin product(s) in conjunction
with clinical symptoms, not differentiating infected from colonised patients, thus leading to
inaccurate diagnosis and antibiotic mis/overuse. This review outlines major knowledge of
CDI molecular aetiology to form a holistic view of the disease and to advocate the
development of specific and accurate diagnostics for CDI.

It is now clear that there is a close link between pathogen and host response that controls
disease progression and outcome. Therefore, two clear needs seem obvious for moving
forward with this disease. One is the identification of a biomarker that is able to measure the
effects of C. difficile toxin(s) on human colonic tissue. In addition to clinical signs and
symptoms, the utility of a biomarker will significantly enhance the existing CDI diagnostic
tools that entirely rely on organism detection. The second is to establish a reasonable set of
criteria for the ‘gold standard’ of CDI diagnosis.

In conclusion, in addition to pathogenic toxin production, the composition and function of
the intestinal microbiome and host immune factors have direct impacts on C. difficile
pathogenesis. To improve the care of patients with potential CDI, there remains a critical
need for the optimal diagnostic test approach to this persistent infectious disease.
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Highlights
. High rate of colonisation with Clostridium difficile.
. Toxin aetiology and inflammatory response are interconnected events

in C. difficile infection (CDI).
. Bacteria detection versus biological marker for CDI diagnostics.

. Host response to CDI.
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Fig. 1.
Complexity of the host response to Clostridium difficile infection (CDI). (A) Intoxication of

host epithelial cells by C. difficile toxins produced by vegetative cells is primary to
inflammatory response. Toxin production and secretion increases after vegetative cells enter
into the stationary growth phase [22,39]. During cell infection, the toxins are subjects to
time-dependent degradation due to proteolysis and pH effects. The toxin’s entry into the
intestinal epithelial cells is one of the earliest pathogenic events. It leads to loss of structural
integrity (actin skeleton disruption, disruption of tight junctions, reduced cell-cell contact),
cell death and epithelium disruption. TLR, Toll-like receptor. (B) Inflammatory response by
two mechanisms: (i) secondary to toxin intoxication (within a few hours after toxin
exposure); and (ii) activation of intracellular cascades by non-toxin virulence factors such as
surface layer proteins (SLPs), flagellar proteins (FIiC and FliD), adhesins (cwp66, cwpV),
fibronectin-binding proteins and cell surface polysaccharides [22]. (C) CDI clinical
manifestation. The inflammatory response causes tissue damage: neutrophil accumulation
(one of the major mechanisms) is responsible for pseudomembrane formation seen in severe
colitis [38]; diarrhoea, toxic megacolon. Toxin B can also cause multiple organ dysfunction
syndrome due to systemic toxin damage [50,68].
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Summary of faecal inflammatory biomarkers as possible predictors of Clostridium difficile infection (CDI)

disease

Biomarker

Clinical indication/prediction

Role in immunopathogenesis

Specific/sensitive to CDI

References

Lactoferrin

Calprotectin

IL-8

1L-23

PMK2

pp38

Colonic inflammation, CDI severity
(when level is elevated)

Intestinal inflammatory conditions
(when level is elevated)

CDI severity (when elevated)

May relate to CDI recurrence (when
level is decreased)

Presence of toxigenic C. difficile
(when level is elevated)

Symptomatic CDI in paediatrics
(when level is elevated)

Innate inflammatory response;
related to level of neutrophil
translocation

Innate inflammatory response;
correlates with level of released
neutrophils

Involved in the recruitment of
neutrophils to sites of infection

Lack of a robust immunological
response

Key mediator of p38-dependent
inflammation

Activation of p38 protein pathway

No/no

No/no

nolyes

No/no

No/-

Yes/no

[97,99-102,107]

[103,105,106]

[73,99,109,107]

[109]

[107]

[99]
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