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Testing times for
C. difficile
Professor Mark Wilcox

Target

Testing method

C. difficile toxin
C. difficile
Toxigenic C. difficile

Cell-cytotoxicity assay *
Immunoassays (EIA & membrane)
Culture
Antigen (GDH) detection
Cytotoxigenic culture *
PCR

* Reference tests methods detect different targets
and are NOT directly comparable.
Planche T, Wilcox M. Reference assays for Clostridium difficile infection: one or two gold standards? J Clin Pathol 2011;64:1-5.

Pseudomembranous colitis (PMC)
Typical ‘volcano
lesion’ seen in PMC
- believed to be due
to C. difficile
toxin(s)
Major virulence
factor in C. difficile =
toxins A/B
Ideally, therefore,
it is logical to assay
for toxin(s)

but ...
clear limitations
of currently available toxin tests

Are toxin detection kits sufficiently accurate to be
used as single tests to detect C. difficile toxins ?


The currently available kits for detection of C. difficile toxins
have variable performance



Currently available kits may miss about 1 in 5 to 1 in 10 cases
of CDI and will falsely identify (1-2 out of 10) cases as positive
when they are not



The poor positive predictive values of toxin detection kits,
especially in the context of widespread testing, and the
possibility of missing true positives mean that there are
limitations to using these as single tests for the laboratory
diagnosis of CDI
http://www.pasa.nhs.uk/PASAWeb/NHSprocurement/CEP/CEPproducts/CEP+catalogue.htm

http://www.pasa.nhs.uk/pasa/Doc.aspx?Path=%5bMN%5d%5bSP%5d/NHSprocurement/CEP/CEP08054.pdf

Systematic review & meta-analysis of
molecular methods for diagnosis of CDI


25 NAAT studies 11801 samples (mean 472 per study)



Prevalence of ‘CDI’ varied 6-fold (6-37%)



Baseline criteria for sample submission varied



No outcome data



Studies were excluded if the NAAT was part of a
multistep testing

O'Horo JC, Jones A, Sternke M, Harper C, Safdar N. Mayo Clin Proc 2012 Jul;87(7):643-51.

Systematic review & meta-analysis of
molecular methods for diagnosis of CDI







BD Gene-Ohm (BD) in 9 studies
Cepheid Xpert (Cepheid) in 4 studies
LightCycler (Roche Applied Science) in 2 studies
Progastro (Gen-Probe) in 3 studies.
Other studies used in-house sequences or less commonly
known PCR tests or did not specify the sequence used
Reference standard




9 studies used cytotoxicity assays alone
11 used toxigenic culture alone
5 used both
O'Horo JC, Jones A, Sternke M, Harper C, Safdar N. Mayo Clin Proc 2012 Jul;87(7):643-51.

O'Horo JC, Jones A, Sternke M, Harper C, Safdar N. Mayo Clin Proc 2012 Jul;87(7):643-51.

When / whom to sample ?
How to test ?
What to report ?

Wide variation of reported incidence across
Europe
Incidence of CDI per country in Europe in 2008

Mean incidence rate per
10,000 patient days/hospital
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Mean incidence: 4.1 per 10,000 patient days (range 0.0–36.3)
Adapted from Bauer et al. Lancet 2011;377:63–73.

Significant variation in the number of
C. difficile tests conducted across Europe
Testing for CDI per country in Europe in 2008

Number of patients tested
per 10,000 patient days
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Testing frequency ranged from 3 to 141 tests conducted per 10,000 patient days
Adapted from Bauer et al. Lancet 2011;377:63–73.

Highest incidence in countries with high clinical
suspicion and frequent testing

Mean incidence per 10,000 patient days
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Adapted from Bauer et al. Lancet 2011;377:63–73.
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Highest incidence in hospitals with high clinical
suspicion and frequent testing
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M. Wilcox, T. Boswell, Personal Communication 2012.
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Correlation between frequency of CDI testing
and measured CDI incidence

The more you test,
the more you find

CDI testing rate (number samples tested per 10 000 pt days)
{ECDIS Study, Nov 2008.} Bauer et al. Lancet 2011;377:63-73.

NAATs for CD toxin genes (i)






Potential Achilles heels for NAATs because they do not detect
the presence of fecal toxin, which is considered as sine qua
non for CDI.
Elderly inpatients typically have C. difficile toxigenic culture
positive rates of 10-20%.
 14% of 271 patients were colonized with C. difficile on
admission, including 18 who were asymptomatic carriers
 A further 47 patients (17%) became colonized during their
hospital stay, 19 of whom remained asymptomatic.
Colonization by C. difficile is protective against the
development of CDI when accompanied by an antitoxin
antibody response.
Kyne et al. NEJM 2000;342:390–7.

NAATs for CD toxin genes (ii)





~25% of primary CDI cases have a recurrence of symptoms
following treatment.
Long-term C. difficile gut colonization is also frequent; in an
endemic CDI setting, 56% of patients were asymptomatic C.
difficile carriers 1-4 weeks after treatment cessation.
The significance of a positive C. difficile NAAT after a primary
episode of CDI is therefore unclear.

These examples emphasize the importance of appropriate
specimen selection & clear clinical details.
Without these accurate interpretations of test results cannot be
made.
Sethi et al. Infect Control Hosp Epidemiol 2010;31:21–27.

NAATs for CD toxin genes (iii)






Diarrhoea is a common symptom, especially in elderly
inpatients, many of whom will have received antibiotics or
laxatives, or have been exposed to other pathogens (notably
norovirus)
Variable potential therefore to detect toxigenic C. difficile as
an innocent (possibly protective) bystander.

However, these tests have relatively high
sensitivity – how can this be best utilised?

Effect of viral gastroenteritis on incidence of CDi
0.036 CD toxin +ve cases per ward day
2.75x increase in
faecal sample testing
(P=0.001)
0.076 CD toxin +ve per day
that ward has confirmed cases
of viral gastroenteritis
(P=0.02)
Wilcox MH, Fawley WN. J Hosp Infect 2007.

NAATs for CD toxin genes (iv)







The lower 95% CI of NAATs for CD toxin gene (sensitivity) is 8085% in most studies
The lower 95% CI for specificity is as low as 93%
Why accept such accuracy levels for a standalone test if can
improve by combining tests ?
Normally, with a single test, improving sensitivity
compromises specificity.
If combine tests, theoretically can get the best of both worlds
improved sensitivity and improved specificity.
Kvach et al. J Clin Microbiol. 2010;48:109–14.
Larson et al. J Clin Microbiol. 2010;48:124–30.
Novak-Weekley et al. J Clin Microbiol. 2010;48:889–93.

GDH testing (i)


GDH tests have been reported to have high sensitivity (but
poor specificity) for the detection of toxigenic C. difficile



GDH assays have been widely used a screening tests for C.
difficile, as recommended in US / European guidelines
Cohen SH, Gerding DN, Johnson S, Kelly CP, Loo VG, McDonald LC, Pepin
J, Wilcox MH; Society for Healthcare Epidemiology of America; Infectious
Diseases Society of America. Infect Control Hosp Epidemiol 2010;31:431-55.
Crobach MJ, Dekkers OM, Wilcox MH, Kuijper EJ, (ESCMID). Clin Microbiol
Infect 2009;15:1053-66.

GDH testing (ii)


There is some uncertainty regarding whether GDH assays
detect some C. difficile strains better than others. Data are
contradictory
Tenover FC, et al. Impact of strain type on detection of toxigenic
Clostridium difficile: comparison of molecular diagnostic and enzyme
immunoassay approaches. J Clin Microbiol 2010;48:3719-24.
Goldenberg SD, et al. Lack of effect of strain type on detection of
toxigenic Clostridium difficile by glutamate dehydrogenase and
polymerase chain reaction. Diagn Microbiol Infect Dis 2011;70:417-9.
Carman RJ, et al. Glutamate dehydrogenase is highly conserved among
Clostridium difficile ribotypes. J Clin Microbiol 2012;50:1425-6.

2-stage testing for laboratory diagnosis of CDI


Repeat all tests twice
sensitivity of 1st test is less crucial
costs of 2 tests for all



Repeat positives only
sensitivity of 1st test is crucial

Time delays

- clinical reporting
- resources

2-stage testing for laboratory diagnosis of CDI
1st test

2nd test

Toxin kit
Toxin kit
Toxin kit



Common antigen (GDH)
Common antigen (GDH)
Common antigen (GDH)







Toxin gene
Toxin gene



Cell cytotoxicity



Cell cytotoxicity















Toxin kit
Toxin gene
Cell cytotoxicity
Toxin kit
Toxin gene
Cell cytotoxicity



Toxin kit
Cell cytotoxicity



Culture (toxin)

Optimising the diagnosis of CDI: study plan
Faecal samples taken for routine diagnostic purposes tested by
both reference methods and study methods
Set-up and
preparation

Selection of preferred
algorithm(s)

Stage 1 training set

Stage 2 testing set

4–5 months

4–5 months

Assess 1–2 two stage algorithms
Optimise cut-offs and protocols compared
to reference methods (n=7,000)

Analysis

Final assessment of optimised algorithm
vs reference methods (n=6,000)

12 months, 4 hospitals

Target

Testing method

C. difficile toxin
C. difficile
Toxigenic C. difficile

Cell-cytotoxicity assay *
Immunoassays (EIA & membrane)
Culture
Antigen (GDH) detection
Cytotoxigenic culture *
PCR

* Reference tests methods detect different targets
and are NOT directly comparable.

Planche TD et al. Clinical validation of C. difficile infection diagnostics: importance of toxin detection. 52nd ICAAC, 2012. Abstract D-160.

Results of C. difficile testing according to
reference methods
41% increase
Cytotoxin
+ve
(731, 5.9%)

71

Cytotoxigenic
culture +ve
(1030, 8.3%)

660

370

n = 12 369
tests
Planche TD et al. Clinical validation of C. difficile infection diagnostics: importance of toxin detection. 52nd ICAAC, 2012. Abstract D-160.

The more you test,
the more you find
“We introduced PCR testing
and our CDI rate went up.”
“No, it didn’t.
The CDI rate stayed the same;
you just issued more positive results.”

Davies KA et al. The largest ever study to define a testing algorithm to optimise the laboratory diagnosis of C. difficile infection. 22nd ECCMID, 2012.
http://registration.akm.ch/einsicht.php?XNABSTRACT_ID=151898&XNSPRACHE_ID=2&XNKONGRESS_ID=161&XNMASKEN_ID=900;

Davies KA et al. The largest ever study to define a testing algorithm to optimise the laboratory diagnosis of C. difficile infection. 22nd ECCMID, 2012.
http://registration.akm.ch/einsicht.php?XNABSTRACT_ID=151898&XNSPRACHE_ID=2&XNKONGRESS_ID=161&XNMASKEN_ID=900;

12,420 samples
analyzed from
10,691 patients

5,927
survived,
595
died

7,853 results from
6,524 in-patients

CTA +ve
CC +ve, CTA -ve
Both CC & CTA -ve

435
207
5,880

Planche TD et al. Clinical validation of C. difficile infection diagnostics: importance of toxin detection. 52nd ICAAC, 2012. Abstract D-160.

Mortality was significantly
higher in:
Gp 1 vs 2: 17% vs 10%, p=0.022
Gp 1 vs 3: 17% vs 9%, p<0.001
but not in
Gp 2 vs 3: 10% vs 9%, p=0.5

12,420 samples
analyzed from
10,691 patients

7,853 results from
6,524 in-patients

CTA +ve
CC +ve, CTA -ve
Both CC & CTA -ve

Gp 1
Gp 2
Gp 3

Gp 1 also identified
longer hospital stay &
worse severity markers
e.g.
Gp 1
Gp 2
Gp 3

WCC ≥ 15 x10^9/L
26% (p<0.001)
15%
13%

Planche TD et al. Clinical validation of C. difficile infection diagnostics: importance of toxin detection. 52nd ICAAC, 2012. Abstract D-160.

Patient Fatality (day 28) Rate by Diagnostic Category
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Group 1 (CTA +ve)

Group 2
(CC+ve/CTA-ve)

Group 3 (All -ve)

Planche TD et al. Clinical validation of C. difficile infection diagnostics: importance of toxin detection. 52nd ICAAC, 2012. Abstract D-160.








1321 stool samples were tested during 95 750 patient-days
85 HA-CDI cases detected by PCR; 56 cases by EIA/CCA (P = 0.01)
Overall incidence rate was 8.9 per 10 000 patient-days (95% CI,
7.1-10.9) by PCR; 5.8 per 10 000 patient-days (95% CI, 4.4-7.4)
by EIA/CCA (P = 0.01) i.e. 53% higher by PCR
Overall complication rate was 27% (23/85) when CDI was
diagnosed by PCR; 39% (22/56) by EIA/CCA (P = 0.16)
Cases detected by PCR only were MORE THAN 10x less likely to
develop a complication of CDI compared with cases detected by
both PCR and EIA/CCA (3% vs 39%, respectively; P < 0.001).
Longtin Y, et al. Clin Infect Dis 2013;56:67-73.

http://www.hpa.org.uk/Topics/InfectiousDiseases/InfectionsAZ/ClostridiumDifficile/Guidelines/

http://www.dh.gov.uk/prod_consum_dh/groups/dh_digitalassets/@dh/@en/documents/digitalasset/dh_133016.pdf
Wilcox, Planche, Crook, Shetty, Davies, Coen, et al. 2012.

GDH EIA (or NAAT) positive, toxin EIA
(or cytoxin) positive:
CDI is likely to be present
→ for mandatory reporting to HPA
or
GDH EIA (or NAAT) positive, toxin EIA
negative:
C. difficile could be present i.e. potential
C. difficile excretor
→ not for mandatory reporting
(but may have transmission potential
and be suitable for local reporting)

Refer to the following local policies:
• Remember the SIGHT list
• Clostridium difficile Policy
• Clostridium difficile Treatment
Guideline
• Source Isolation Policy
• Source Isolation Cleaning Policy
Consider other causes of diarrhoea
Consider continuation of single room
isolation and other measures to reduce
risk of CDI

or
GDH EIA (or NAAT) negative:
C. difficile or CDI is very unlikely to be
present
→ not for mandatory reporting
but may have transmission potential
(other pathogens)

Consider other causes of diarrhoea; if not
infective may consider ending single room
isolation

Walker AS et al. PLoS Med 2012;9:e1001172; doi:10.1371/journal.pmed.1001172.

C. difficile transmission


Sept 2007-Mar 2010, 1274 C. difficile isolates, 69 STs



Using MLST,
<25% of cases plausibly linked to other patients





37% in renal/transplant,
29% haematology/oncology
28% acute/elderly medicine,
6% in specialist surgery

Walker AS et al. PLoS Med 2012; 9(2): e1001172. doi:10.1371/journal.pmed.1001172.

Conclusions (i)
 The two CD testing reference methods do not have
the same clinical implications.
 Toxin (CTA) positive samples are associated with
increased mortality. This is not true if only toxigenic
strains (CC) are present.
 Results support CDI being defined by a positive toxin
test.
Use of a high sensitivity screening test (GDH or toxin
gene PCR) can rapidly identify who may have CDI, but
a second (toxin) test is needed to provide specificity.

Conclusions (ii)


A new diagnostic category of
‘potential C. difficile excretor’
(i.e. GDH or NAAT +ve, toxin -ve)
may be used to characterize cases in whom
diarrhoea is unlikely to be due to CDI but could pose
a cross-infection risk
Studies are needed to determine whether detection
of such cases can help to reduce the risk of C. difficile
transmission.
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