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Foreword by Mark Reed 

General Manager, Pro-Lab Diagnostics. 

Welcome to the first issue of our “Past…Present…and 

Future” themed guides. 

Having served the Microbiology market 

now for over 25 years, we are excited by 

the new ventures being taken by Pro-Lab 

Diagnostics and always strive to share 

our thoughts and knowledge with you, 

our valued customers. 

Enclosed in the following pages you will find a brief, concise 

overview of one of the more prominent infectious topics 

from the past few years – Clostridium difficile.  Contributions 

are always welcome; the next issue will not be far away. 

I would like to personally thank Mike and Charlotte for their 

efforts in compiling “Clostridium difficile – Past, Present and 

Future” and hope that you will find our thoughts useful, 

interesting and informative. 
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PART I Clostridium difficile : History and 

current state of play 

1. Introduction 

Clostridium difficile (Bacillus difficilis) was originally 

recovered from the faeces of newborn infants by Hall and 

O’Toole 1 in 1935. Subsequent investigation also revealed 

that this organism produced a toxin that was lethal to mice. 

However, workers found no association between this 

organism and histotoxic infection nor any intestinal 

associated infection. 

It was not until 1974 that workers 2 found that the faeces of 

Guinea pigs suffering from penicillin induced death contained 

an agent that induced cytopathic changes in tissue culture – 

probably the first evidence of C. difficile toxin. 

 

Also, in 1972, Tedesco and co-workers 3 described cases of 

pseudo-membraneous colitis (PMC) in patients who were 

being treated with clindamycin for other infections. 42 of 200 

patients developed a diarrhoeal illness of which 20 were 

confirmed to have PMC by endoscopic examination. 

 

A hamster model proved essential in the early work where 

the toxin of C. difficile was shown to be the “agent” of 

disease. The main contributors to this work included. Keighly 

et al 4 and Larsson et al 5 in the United Kingdom and Bartlett 

et al 6 and Lusk et al 7 in the United States of America. 

 

6 
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Colonoscopy showing pseudo-membranous colitis 

Bartlett and his co-workers 6 showed that a cell cytotoxicity 

assay used to detect toxin in the faeces of affected patients 

was a useful diagnostic laboratory tool to establish the 

presence of disease. Chang et al 8 demonstrated that this 

toxin effect could be neutralised using Clostridium sordellii 

antitoxin. The absence of C. sordellii from the faeces of 

affected hamsters (and subsequently humans) led to a search 

for other clostridial species that produced a toxin that could 

be similarly neutralised. C. difficile proved to be such an 

organism and C. difficile antiserum raised in animals also had 

a neutralising effect. Subsequent clinical and laboratory 

studies established the link between C. difficile and antibiotic 

induced colitis and PMC. 

Theoretically, any antibiotic can give rise to Clostridium 

difficile Infection (CDI). Some antibiotics seem to be more 

common drivers than others, but this may be due to 

increased use of certain agents rather than any one drug 

possessing an enhanced propensity to cause diarrhoea. Some 

7 
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recent studies have identified cephalosporins, ampicillin, 

ampicillin-clavulanic acid and quinolones as warranting 

special attention 9.  

 

2. History of Clostridium difficile detection – 

toxin or culture? 

Patients with CDI usually present with diarrhoea. Other 

symptoms may be present (such as abdominal pain and 

fever) depending on the severity of the episode. Once it was 

recognised that the toxin was a mediator of disease the cell 

cytotoxicity assay (CCTA) was recommended as the 

diagnostic test. Although a specific test for the disease it is 

labour intensive and may take overnight incubation (and 

sometimes 48 hours incubation) before a positive test is 

recognised. Research was undertaken to find a selective 

culture medium for recovery of the organism from faeces 

and this was eventually published by George and his 

colleagues 10 in 1974. 

Although more sensitive than the CCTA, recovery of the 

organism by culture took 48 hours. Furthermore, the 

specificity of culture was found to be low because some 

patients may carry the organism without any signs of disease 

and because later research showed that some strains of C. 

difficile (approximately 15-20%) are non-toxigenic. Further 

work has demonstrated that the CCTA test correlates best 

8 
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with clinical disease and should now be considered as the 

“Gold Standard” for the diagnosis of CDI (see section 5). 

With the realisation that toxin testing is important in the 

diagnosis of the disease together with the increasing 

unavailability of tissue culture (many virology laboratories 

who provided the tissue cultures moved to more molecular 

based diagnostic tests) many laboratories called for easier 

methods of toxin detection. Commercially available toxin 

tests based on the use of enzyme-linked immunosorbent 

assay (ELISA) technology became available as a rapid and 

cheaper method for toxin detection. Most laboratories 

rapidly moved over to toxin testing using a commercially 

available ELISA platform or a later development, a “flow 

through” device based on immunochromatography. 

Designed by Pro-Lab Diagnostics for the use of Proflow test cassettes 

Lateral flow workstation 

9 
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3. The current problem 

Major risk factors contribute to the susceptibility of a person 

to infection with C. difficile. These factors include antibiotic 

exposure, advanced age and hospitalization. The use of 

proton pump inhibitors may also contribute to infection or to 

colonisation. There is no correlation between duration of 

antibiotic therapy and the acquisition of CDI since disease 

may occur even after exposure to short course antibiotic 

prophylaxis 11. Spores of the organism are present in large 

numbers in hospitals and other health care establishments 

where antibiotics are in common use. As a consequence high 

rates of colonisation among patients in these institutions 

occurs. The absence of a good immune response or the 

presence of a poor response to the toxins of C. difficile in 

patients is a risk for the development of the disease and 

further relapses when they occur 12. Relapse rates of up to 

20% may occur. 

 

4. Clostridium difficile Infection (CDI) 

The most common clinical presentation of CDI is diarrhoea 

associated with antibiotic use. Diarrhoea can occur within a 

few days after the start of therapy but can equally occur up 

to eight weeks after therapy has ended. Patients with mild to 

moderate disease usually experience diarrhoea as the only 

symptom with up to 10 bowel movements a day. More 

severe disease includes abdominal pain or cramps, fever and 

10 
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leucocytosis (>15000 cells/mm3 but may be as high as 

>50000cells/mm3). The faeces are watery with a foul odour. 

The presence of blood is rare.  

Severely diseased patients also demonstrate 

hypoalbuminaemia and altered creatinine and lactate levels. 

Rarely, diarrhoea may be absent in severly ill patients who 

suffer with a complication known as paralytic ileus. Any 

patient with unexplained fever, high white blood cell count 

and abdominal pain with recent antibiotic exposure should 

be investigated for the presence of CDI.  

 

Antibiotic therapy disrupts the balance of the intestinal 

(particularly the colonic) flora and inhibits the so-called 

“colonisation resistance” of the intestinal tract. This allows C. 

difficile spores that are acquired from the environment to 

pass through the stomach and to germinate in the small 

intestine under the influence of the alkaline environment 

present. Cells migrate to the colon where the toxins are 

elaborated and cause damage to the colonic lining resulting 

in diarrhoea. Severity and relapse of disease is partly 

determined by whether significant amounts of anti-toxin 

antibodies are produced, or not produced, by the patient in 

response to the infection. 

 

The results of laboratory testing alone cannot definitively 

identify a case of CDI. The clinical appearance of the patient 

must also be taken into account. This is because colonisation 

of a patient may occur even with toxigenic strains after 

11 
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receiving antibiotics. The number of patients who become 

carriers may even exceed those who are truly infected 

especially when an outbreak of infection occurs. 

Elderly asymptomatic patients may represent a particular 

problem since many are resident in long-term care facilities 

where C. difficile may become endemic 13. Such carriers may 

harbour large numbers of the organism in their faeces and 

act as a rich reservoir of the organism. 

 

5. Laboratory diagnosis of infection and current 

recommendations 

 

The first method described for the diagnosis of CDI was to 

detect toxin present in the faeces of affected patients using a 

cell line to measure the typical cytopathic effect of the 

cytotoxin (the cell cytotoxicity assay). This was closely 

followed by the development of selective culture media for 

the isolation of the organism from faeces. The relatively long 

turnaround time for the cell assay together with the loss of 

technical expertise led to the introduction of commercially 

produced ELISA kits for the detection of toxins A and B in 

faeces. 

 

It soon became obvious that the commercial ELISA kits for 

detection of faecal toxin, although rapid, were considerably 

less sensitive than the cell assay resulting in the misdiagnosis 

of some patients. Commercial ELISA kits have a lower limit of 

12 
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detection around 100-1000pg of toxin compared to that of 

cell assays of <10 pg of toxin. 

 

The results of a recent Department of Health commissioned 

four centre study 14 has shown that the detection of faecal 

toxin correlates most accurately with disease and should now 

be regarded as the Gold Standard for the diagnosis of CDI. 

 

 

 

 

 

 

 

 

 

 

 

 

Reinert et al J. Mol. Biol. 351 (5): 973–81 

 

A positive culture in the absence of toxin is likely to represent 

colonisation since such patients were clinically no worse than 

patients in whom C. difficile results (glutamate 

dehydrogenase [GDH] and toxin) were negative. The 

confidence in detecting patients with true CDI was shown to 

be increased by first screening patients with a test for the 

GDH enzyme and following the positive samples with a 

sensitive toxin test. The role of PCR was shown to be limited 

to the detection of toxigenic strains in GDH positive patients 

Structure of C. difficile 

glucosyl transferase 

Toxin B showing UDP 

and glusose. 
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who were faecal toxin negative. This may be useful for 

infection control purposes where carriers of toxigenic strains 

can be identified and to indicate those patients who need a 

“watchful eye” kept on them. Commercially produced and 

ready to use cell monolayers are now available for toxin 

detection and preliminary studies have shown them to be 

sensitive in competent hands when compared to cell lines 

produced in-house. 

 

Overview of DOH Guidelines 

14 
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In a recent study of 599 samples submitted for C. difficile 

testing at University College Hospital (unpublished data) 26 

samples (4.3%) were positive for toxin by an in-house vero 

cell cytotoxin assay (CCTA). Only 23 (3.8%) samples were 

positive by a reputable commercial ELISA. 

Thus the ELISA system operating at best missed 3 (11.3%) of 

the positive patients. 

All 26 CCTA positive samples were GDH and PCR positive. 

60 samples (59 of which were GDH positive) were culture 

positive on cycloserine cefoxitin egg yolk (CCEY) agar (this 

medium is available commercially).  43 were toxigenic. 

These figures suggest that 17 patients were colonised with 

toxigenic strains and 17 with non-toxigenic strains. 

 

Practical aspects of laboratory diagnosis 

Culture method 

Culture for C. difficile is highly sensitive and easily performed 

but it will not determine whether the isolate is toxigenic or 

non-toxigenic. The isolate, therefore, needs to be tested for 

the ability to produce toxin by testing the supernatant from a 

48 hour broth culture. 

When the faeces are liquid they are added to an equal 

volume of industrial alcohol (95% ethanol) and mixed 

thoroughly. Semi-solid faeces (a pea sized portion) are 

15 
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emulsified in physiological saline and an equal volume of 

alcohol added and mixed thoroughly. The mixture is left to 

stand at room temperature for one hour. Three drops of the 

lower faecal layer are then plated onto CCEY. The medium is 

incubated anaerobically for 48 hours. Typical colonies are 

irregular edged, flat sometimes with a “ground glass” 

appearance. 

A few other clostridial species may grow on CCEY and 

therefore identification tests are required to differentiate the 

various species (Table 1). 

Table 1  Differentiation of clostridial species growing on 

CCEY agar 

 
C. difficile C. glycolicum C. innocuum 

C. bifermentans 
and C. sordellii 

C. difficile 
latex1 

+ + - + 

UV 
fluorescence 

green - green - 

Lecithinase on 
CCEY 

- - - + 

Spot indole 
test 

- - - + 

1C. difficile latex reagent is available commercially 
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Selective agar 

 
Brazier’s CCEY medium 48 hours            Blood agar 48 hours 

 

Glutamate Dehydrogenase 

Glutamate dehydrogenase (GDH), also known as the 

common antigen, is an enzyme constitutively produced by all 

strains of C. difficile independently of the organisms’ ability 

to produce toxins.  

Commercially produced tests for GDH may take the form of 

ELISA format or flow through devices.  

17 
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Because of the high negative predictive value associated with 

tests for GDH, it can be used as an accurate first stage 

screening test to denote the absence of the organism. The 

enzyme is produced in large quantities that makes it easy to 

detect in faeces and therefore parallels closely the results of 

culture for the organism but, like culture, does not give any 

information concerning toxigenicity. Hence both a positive 

GDH test and a positive culture MUST be followed by a test 

for toxin on the faeces (in the case of a positive GDH test) or 

on the culture itself once the growing organism has been 

identified as C. difficile (see earlier). Approximately 20% of 

isolates are non-toxigenic. 

 

Detection of C. difficile toxin 

As mentioned in section 5, tests for toxin may take the form 

of a CCTA, an ELISA or a flow through device but ELISA tests 

and flow through tests are recognised now to be 

insufficiently sensitive to be used as standalone tests. 

Cytotoxin testing using a cell monolayer is the most sensitive 

method for toxin detection but is the most least controlled 

test since many laboratories use different cell lines and test 

the faeces at different dilutions. It is currently assumed that 

either Vero cells or Human Foreskin Fibroblasts are the best 

cell lines to use, and a dilution of the faeces at 1:40 is the 

optimum final dilution to use. Since there may be many 

reasons why a faecal sample may give rise to a toxic effect 

the test is made more specific by testing a second 1:40 

18 
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dilution that has been neutralised with C. difficile or C. 

sordelli antitoxin. 

Incubation of the cell line should be undertaken for 24 hours 

with negative tests being reincubated for a further 24 hours 

before being deemed negative. Many positives may occur in 

as little as 4 hours especially when large amounts of toxin are 

present in the faeces. 

 

In-house toxin testing 

Vero cells can be conveniently prepared in a sterile 96 flat-

well microtitre tray (MT) and kept for up to one week in an 

8% CO2 incubator at 37oC. 

Liquid faeces for testing are diluted 1:5 by adding 0.2ml 

faeces to 0.8ml of phosphate buffere saline (PBS) in a 

microcentrifuge tube and spun at 10,000 rpm for 10 minutes 

and the supernatant kept at 40C. 

20µl of the supernatant are added to a well in the MT tray 

(containing 160 µl of tissue culture) and mixed; this equates 

to final dilution of 1:40 in the well. This is repeated in a 

second well to which has been pre-added 20µl C. difficile 

antitoxin. A further two tests in the same manner are 

performed with a positive and negative control. Rounding of 

the cells after 24 or 48 hours in the test well and lack of 

rounding in the antitoxin well (i.e toxin neutralisation) 

denotes the presence of C. difficile toxin. Strong positives 

may give rise to cell rounding within 4-6 hours but the trays 

19 
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must be incubated for 48 hours before being finally reported 

as negative. Some wells will be contaminated with bacteria in 

heavily loaded faeces. In these cases the test should be 

repeated after filtering the spun faecal supernatant through 

a 0.4 micron membrane filter. 

The antitoxin is prepared by adding 0.1ml of antitoxin to 4.9 

ml of sterile distilled water and kept at 40C. 

            
 Negative Control    C. difficile Toxin Positive 

 

 

Preparation of a cell line 

Cells are purchased from a reputable commercial supplier 

and the initial line prepared in two tissue culture (TC) flasks 

according to the supplier’s instructions. 

 

20 
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i. Make up a solution of Trypsin-EDTA (0.5ml) and 

Hanks balanced salt solution (4.5ml) both of which 

can be obtained commercially. 

ii. Mix well and add 2.5ml of this to a TC flask of the cell 

line, allow this to wash over the cells and decant. 

iii. Add the other 2.5ml of the solution to the flask, 

stand at room temperature for 60 seconds, decant 

and then place the flask at 370C for 5 minutes. 

iv. After removal from the incubator tap the flask gently 

to dislodge the cells. 

v. 10ml of Dulbecco’s medium (see below) is added to 

the flask, mixed gently and 750 µl of this (the master 

cell suspension) is added to 10ml of Dulbecco 

medium in a second and third flask, both of which 

are incubated at 370C in 8% CO2. (one flask will be 

used to prepare the next microtitre tray of cells the 

other flask acting as a back up).  

To prepare the microtitre tray for tests, 1ml of the master 

cell suspension is added to 15.4ml of Dulbecco medium, 

mixed gently and 160 µl of the suspension is added to all 96 

wells in the MT tray (sterile, flat bottom well plate with lid). 

The tray is incubated in 8% CO2 at 370C and is ready for use 

when the cells show a confluent growth at the bottom of the 

wells. 
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Dulbecco medium for this method is prepared as follows: 

i. Add 25ml of newborn calf serum (NCS) (obtained 

commercially) to 500ml of Dulbecco medium 

(obtained commercially in 500ml flasks). 

ii. Prepare a solution containing 5ml glutamine*, 

5ml of antibiotic-antimycotic solution** and 5ml 

of gentamicin solution***. 

iii. Add this 15ml of mixture to the Dulbecco 

medium containing the NCS. 

 

 *obtained commercially 

 **obtained commercially 

 ***2ml stock gentamicin solution obtained 

commercially plus 23ml sterile distilled water 

MT tray plan for cytotoxin assay 

 
1 2at 3 4at 5 6at 7 8at 9 10at 11 12at 

A 
Pos 
Ctrl 

Pos 
Ctrl 

Neg 
Ctrl 

Neg 
Ctrl 

Test 
1 

Test 
1 

Test 
2 

Test 
2 

Test 
3 

Test 
3 

Test 
4 

Test 
4 

B 
Test 

5 
Test 

5 
Test 

6 
Test 

6 
Test 

7 
Test 

7 
Test 

8 
Test 

8 
Test 

9 
Test 

9 
Test 
10 

Test 
10 

C                         

D                         

E                         

F                         

G                         

H                         
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All columns contain 20µl faecal supernatant in 160µl tissue 

culture. 

Columns  2,4,6,8,10 and 12 contain additionally 20µl of C. 

difficile antitoxin (at). 

Rows C-H contain any additional sample for testing. 

Positive and negative controls must be set up for each 

group of tests daily. 

The tray is examined using an inverted microscope using a 

x20 lens. 

 

6. Lactoferrin as an inflammatory marker of 

infection 

Lactoferrin is a by-product of white blood cells and can be 

detected where there is an inflammatory response. Patients 

who suffer from moderate to severe CDI have evidence of 

colonic inflammation. In such patients raised levels of 

lactoferrin build up at the site of infection and in severe CDI 

can be detected in large amounts in the faeces. In theory this 

marker could be used to help diagnose severe CDI in the 

early stages. Lactoferrin is, however, not specific to CDI and 

raised levels can occur in other inflammatory conditions of 

the intestinal tract. Much debate revolves around the 

usefulness of this test and the use of tests for lactoferrin 

remains very much a local decision 15, 16. 

23 
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7. Prevention 

Most patients acquire C. difficile from the environment and 

not from their own gut flora. Prevention of CDI is important 

since approximately 8% of all admitted patients develop the 

disease 17. Control procedures involve a combination of 

environmental control, strictly applied personnel hygiene, 

barrier nursing and the use of antimicrobial stewardship. 

Accurate and sensitive testing of patient samples also plays a 

role.  

The spores of C difficle are resistant to alcohol and to most 

detergents. Consequently reducing the spore burden in the 

environment relies on the use of sodium hypochlorite for 

cleaning and disinfection or fogging with hydrogen peroxide 

together with the thorough washing of the hands of 

healthcare workers with chlorhexidine 18 or soap and water. 

It remains a major challenge to infection control personnel to 

ensure high levels of compliance with these measures. When 

achieved these measures are successful in disrupting 

transmission and thus preventing high colonisation rates in 

patients and their attendants. 

 

8. Treatment 

Metronidazole and vancomycin have been the mainstay of 

treatment for CDI. Newer antibiotics are in various phases of 

clinical trials with fidaxomicin recently publicised as having 

similar efficacy and safety to vancomycin 19. 

24 
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There is still much debate over the successful use, or 

otherwise, of immunoglobulin, probiotics and other 

miscellaneous therapies for the treatment and prevention of 

CDI 20 and many trials are still ongoing. 

Although used as a last resort, colonic surgery may be 

lifesaving. The instigation of “faecal replacement therapy” 

(also termed “faecal transplantation”) 21 has been used 

successfully in small numbers of patients with intractable 

disease despite aesthetic and technical difficulties. 

 

9. Financial Implication of CDI 

 

The NHS standard contract for 2012-13 requires that 

commissioners set a limit for the number of hospital acquired 

C. difficile infections each acute trust may be responsible for 

in a year, without attracting financial penalties. Added to 

these financial penalties is the cost associated with C. difficile 

infection. 

Wilcox et al “Financial burden of hospital acquired 
clostridium difficile infection.” 
Journal of Hospital Infection. 1996;34(1):23-30. 
 

  CASES CONTROLS 

Total Length of Stay 
(mean, days) 

46.5 25.2 

Length of Stay in a side room 
(mean, days) 

14.2 0.2 
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The approximate additional cost of the average patient with 

C. difficile infection compared with a control was £4,107. 

Vapour machines cost on average £70,000. 

This has added importance to the need for accurate diagnosis 

of infection and effectiveness of infection control, and the 

use of good screening tools is a major contributor to success 

in this regard 22. Accurate diagnosis of CDI is critical to patient 

management and control of the spread of infection. It is also 

necessary for monitoring the disease trends and tracking 

infection patterns, as well as monitoring the efficacy of 

intervention methods. 

 

  

26 
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PART II Clostridium difficile : Molecular 

Aspects 

1. History 

 
In 1940, George Beadle and Edward Tatum showed there was 

a precise relationship between genes and proteins 23. The 

next milestone in the progression of this understanding was 

the work of Dr. Linus Pauling in 1949, which for the first time 

linked the specific genetic mutation in patients with sickle 

cell disease to a demonstrated change in an individual 

protein 24. Following on from this was the seminal discovery 

by Watson and Crick, which in 1953 outlined the structure of 

deoxyribose nucleic acid (DNA). In 1957, Crick went on to 

describe the sequence hypothesis. This hypothesis outlines 

the link between genetic information derived from nucleic 

acids and the chemical processes which may cause disease. 

The identification of relevant genetic traits present in, for 

example, humans, bacteria and viruses, falls within the scope 

of Molecular Diagnostics. 

Once the link had been established between nucleic acids 

and their impact on organisms, the challenge was to 

accurately detect genes of interest, a limitation of which was 

the amount of target DNA present in a given sample. The 

double-helix structure outlined by Watson and Crick also 

implied an as yet unidentified mechanism of replication. This 

was investigated in 1958 in the Meselson-Stahl experiment25, 

the result of which confirmed semi-conservative replication.  

27 
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A short time after this, in 1966, Har Gobind Khorana and 

others deciphered the genetic code showing it was based on 

non-overlapping triplets of bases, called codons each of 

which codes for a specific amino acid 26. 

Molecular Diagnostics: Past, Present and Future 

1949 -  Characterization of sickle cell anemia as a molecular 
disease 
1953 -  Discovery of the DNA double helix 
1958 -  Isolation of DNA polymerases 
1960 -  First hybridization techniques 
1969 -  In situ hybridization 
1970 -  Discovery of restriction enzymes and reverse 
transcriptase 
1975 -  Southern blotting 
1977 -  DNA sequencing 
1983 -  First synthesis of oligonucleotides 
1985 -  Restriction fragment length polymorphism analysis 
1985 -  Invention of PCR. First use of restriction enzymes to 
detect genetic variation of the sickle cell disease-causing 
mutation (Saiki et al.). First-ever FDA clearance for a clinical 
diagnostic test using DNA probe technology (culture 
confirmation test for Legionnaires' disease). 
1986 -  Development of fluorescent in situ hybridization. First 
use of oligonucleotide probes on a membrane to detect 
genetic variation of the sickle cell disease-causing mutation 
(Saiki et al) 
1988 -  Discovery of the thermostable DNA polymerase – 
Optimization of PCR 
1992 -  Conception of real time PCR 
1993 -  Discovery of structure-specific endonucleases for 
cleavage assays 
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1996 -  First application of DNA microarrays 
2001 -  First draft versions of the human genome sequence 
2001 -  Application of protein profiling in human diseases 
 
Taken from “Molecular Diagnostics” Edited by: George P. Patrinos and 
Wilhelm J. Ansorge. © 2010 Elsevier Ltd. ISBN: 978-0-12-374537-8 

 
 

2. Genetics of Clostridium difficile 

C. difficile was first recovered in 1935 27 and since then work 

by Bartlett 28 and others has shown the existence of a 

number of emergent ribotypes responsible for outbreaks 

worldwide. 

In 1996, Braun et al 29 determined the nucleotide sequence 

3.8 kb upstream and 5.2 kb downstream of the toxin genes A 

and B of C. difficile. They found nine open reading frames 

(ORF), two of which were attributed to the pathogenicity 

locus (PaLoc). The others were found in every C. difficile 

isolate irrespective of toxigenicity. Further sequencing 

confirmed high conservation of the PaLoc borders allowing 

the locus to be defined as a distinct genetic element. 

An ORF contains no stop codons, and it is in this region that 

inserts causing frameshift mutations are normally found. 

Braun went on to compare the sequences of toxigenic and 

non-toxigenic strains, and showed that an 115bp stretch in 

the non-toxigenic strains is replaced by a 19-kb locus in 

toxigenic strains. 
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The Sanger Institute in the UK is a world leading non-profit 

genomics and genetics research organisation and was 

responsible for publishing the first complete genome 

sequence of a Clostridium difficile strain in 2006 30. Since then 

they have published a number of other C. difficile isolates 

using next generation sequencing techniques (Roche 454 Life 

Sciences and Illumina HiSeq). 

"More than 10% of the C.difficile genome consists of 

mobile elements – sequences that can move from one 

organism to another - and this is how it has acquired 

genes that make it such an effective pathogen" 

Mohammed Sebaihia – Sanger Institute 

Along with the work being carried out at the Sanger Institute, 

the ‘Clostridium difficile Multi Locus Sequence Typing’ 

website (http://pubmlst.org/ cdifficile/) developed by  Keith 

Jolley 31 and sited at the University of Oxford (development 

funded by the Wellcome Trust) is also available and provides 

sequence and allele information on C. difficile as well as 

other organisms. 

 

3. Clostridium difficile Toxin 

Sullivan et al 32 in 1982 separated and purified toxins A and B. 

They found using gel electrophoresis the molecular weight of 

toxin A is 440,000-500,000u and toxin B is 360,000-470,000u. 

They also found the toxins are acid and heat liable. 
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Investigation continued into the differences between the two 

toxins and in 1995 Riegler et al 33 investigated the effects of 

each toxin on the human colon. They published their data 

showing the human colon is approximately 10 times more 

sensitive to the damaging effects of toxin B than toxin A. This 

suggested that toxin B may be more important than toxin A 

in the pathogenesis of C. difficile colitis. Since 2002, epidemic 

toxinotype III NAP1/027 strains, which produce high levels of 

the major virulence factors toxin A and toxin B, have 

emerged. Work by Lyras et al 34 has helped provide evidence 

that toxin B, not toxin A, is essential for virulence. 

The clinical manifestations and pathological changes 

associated with CDI are attributed to the production of two 

exotoxins (toxins A and B) that have enterotoxic and 

cytotoxic properties, respectively 35. These toxins can be 

found in the stool of 15–25% of patients with antibiotic-

associated diarrhoea and in more than 95% of patients with 

PMC 36. 

The cytotoxic capability of toxin B is due to its glycosylating 

action on RhoA 37. This GTPase is involved in the regulation of 

the cytoskeleton, which in turn is involved in intracellular 

transport and cellular division. The action of this toxin causes 

the actin microfilaments of the cytoskeleton to break apart 

which has a detrimental effect on the shape of the cell 

surface and the whole-cell locomotion. 

By glucosylating small GTPases such as Rho, C. difficile toxins 

A and B cause actin condensation and cell rounding which is 
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followed by cell death. Toxin A commonly affects intestinal 

epithelium, while toxin B has a broader cell tropism 38. 

Endothelial cells under the microscope 

 

 

 

 

 

 

 

 

4. Ribotyping 

The ribosome is responsible for producing proteins by 

incorporating amino acids based on messenger ribonucleic 

acid (mRNA) sequences via transfer RNA (tRNA). The 

ribosome itself is a complex structure composed of ribosomal 

RNA (rRNA) and proteins, and it catalyses the formation of 

covalent peptide bonds (protein synthesis). The components 

of the ribosome are commonly designated by their size, and 

defined by “S” units. This is the Svedberg unit which refers to 

the rate of sedimentation in an ultracentrifuge tube 39. 

Nuclei are 

stained blue. 

Microtubles are 

marked green. 

Actin filaments 

are labelled red. 
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The principle of prokaryotic ribotyping is based on targeting a 

polymorphic region in the DNA that codes for the 16S-23S 

RNA subunits. The diagram below shows the 16S RNA subunit 

is part of the small subunit, and the 23S RNA subunit is part 

of the large subunit. Together, the small and large subunits 

form the 70S prokaryotic ribosome 40. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Components of a prokaryotic ribosome (Alberts et al., 2008). 
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Many methods of genotyping have been employed, including 

the use of plasmids 41, and PFGE 42. The ribotyping method 

for Clostridium difficile was initially developed by PCR and gel 

electrophoresis. Earlier tests generated small fragments of 

low molecular mass which were difficult to resolve on an 

agarose gel matrix 43. Intergenic spacer regions may differ in 

size by less than 10 nucleotides in C. difficile 44. 

Improvement on this initial method was first investigated by 

O’Neill et al 45 and later by Bidet et al 46. The main target of 

these modifications was to reduce the size of the fragments 

generated in order to allow better resolution on the agarose 

gel. This was achieved by choosing primers closer to the 

intergenic spacer region and reducing the amount of 

conserved ribosomal RNA in the amplification products. Bidet 

et al. sequenced the region to provide the specific base 

information and the new primers were defined from this: 

5′-GTGCGGCTGGATCACCTCCT-3′ (16S primer) 
bases 1482–1501 of the 16S ribosomal RNA gene 
 
5′-CCCTGCACCCTTAATAACTTGACC-3′ (23S primer) 
bases 1–24 of the 23S ribosomal RNA gene 
 
This new method gave good results with bands ranging from 

260 to 585 bp that could be separated on agarose gel 

electrophoresis. The figure below shows PCR-ribotyping 

fingerprints of different strains by Bidet et al. compared to 

those from O’Neill et al. 
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Lanes 1, 6 and 11: 100-bp molecular mass marker. Lanes 2, 4, 
7, 9, 12: PCR-ribotyping fingerprints from Bidet et al. Lanes 3, 
5, 8, 10 and 13: PCR-ribotyping fingerprints from O'Neill et al.  
 

Ribotyping is commonly used to identify strains of 

Clostridium difficile in outbreaks, and to provide data for 

epidemiological studies. The Health Protection Agency began 

the Clostridium difficile ribotyping initiative in April 2007. 

Initially known as CDRNE, the network has since expanded 

from six to nine laboratories, including one in N. Ireland. The 

network was renamed in April 2009 as the Clostridium 

difficile Ribotyping Network (CDRN) for England and N. 

Ireland and provides a free of charge fingerprinting service 

for antimicrobial susceptibility testing and epidemiological 

studies. 
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PCR has also been used to detect the binary toxin CDT and a 

deletion in the pathogenicity locus gene, tcdC, which might 

result in increased production of toxins A and B. REA group BI 

and PFGE type NAP1 isolates were of toxinotype III, were 

positive for the binary toxin CDT, and contained an 18-bp 

tcdC deletion. Resistance to gatifloxacin and moxifloxacin 

was more common in current BI/NAP1 isolates than in non-

BI/NAP1 isolates 47. 

 

5. Multilocus Variable Number Tandem Repeat 

Analysis (MLVA) 

This method is often utilised as a secondary typing method 

following on from PCR ribotyping. It uses “variable number 

tandem repeats” (VNTR) to identify polymorphisms and is 

capable of discriminating between closely related C. difficile 

strains e.g. distinguish more than 20 sub-types of C. difficile 

ribotype 027. 

Typically a number of loci are selected based on mutation 

rate, diversity and prior characterisation. These are amplified 

and the size measured, allowing the number of repeat units 

to be estimated. This information is then compared against a 

known database; in the case of C. difficile one such database 

has been developed by Keith Jolley 30 (http://pubmlst.org/ 

cdifficile/). 

For faster and easier application of the MLVA to C. difficile, 

van den Berg et al developed an MLVA method using smaller 
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short tandem repeats (2 to 9 bp) to facilitate automated 

fragment analysis with multicolored capillary electrophoresis 

instead of sequencing 48. 

 
 

6. Commercial Kits 

Early methods for DNA replication were slow and inefficient. 

The polymerases used were unable to withstand the high 

temperatures necessary for strand separation and therefore 

constant handling of the enzymes was required, with 

additions necessary at each stage of replication. In 1976 a 

polymerase was purified from Thermus aquaticus. This 

bacterium is found naturally in hot springs (50-80°C), and the 

purified enzyme, Taq polymerase, is therefore stable at high 

temperatures. The use of Taq lead to dramatic 

improvements in the speed and efficiency of polymerase 

chain reaction (PCR) and allowed the use of automated 

thermocycler’s. 

By the end of 2009, 3 different Real-Time PCR tests had 

achieved 510(k) clearance from the FDA for C. difficile 

testing. 
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To date there are many more molecular tests available, some 

of which are detailed below: 

PRODUCT 
SEPARATE 
EXTRACTION 

TIME TO 
RESULT 
(min) 

SENSITIVITY 
(%)* 

SPECIFICITY 
(%)* 

MERIDIAN 
ILLUMIGENE 
C. DIFFICILE ASSAY 

NO 60 95.2 95.3 

CEPHEID GENE 
XPERT C. DIFFICILE 
ASSAY 

NO 45 93.5 94.0 

BD GENEOHM 
C. DIFFICILE 
ASSAY 

YES 90 93.8 95.5 

PRODESSE 
PROGASTRO 
C. DIFFICILE ASSAY 

YES 180 91.7 94.7 

GREAT BASIN 
PORTRAIT 
C. DIFFICILE ASSAY 

NO 90 98.2 92.8 

LIFETECHNOLOGIES 
QUIDEL C. 
DIFFICILE ASSAY 

NO 60 94.1 93.2 

 
* From Pack Insert 
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Glossary 

PMC  pseudo-membraneous colitis 
CDI  Clostridium difficile infection 
CCTA  cell cytotoxicity assay 
ELISA  enzyme-linked immunosorbent assay 
GDH  glutamate dehydrogenase 
CCEY  cycloserine cefoxitin egg yolk 
MT  microtitre tray 
NCS  newborn calf serum 
TC  tissue culture 
DNA  deoxyribose nucleic acid 
ORF  open reading frame 
PaLoc  pathogenicity locus 
RNA  ribonucleic acid 
Mrna  messenger RNA 
MLVNTR multilocus variable number tandem repeats 
  



Clostridium difficile Past…Present…Future 

    
www.pro-lab.com 

 


