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Abstract
A new, hypervirulent strain of Clostridium difficile , 
called NAP1/BI/027, has been implicated in C. difficile  
outbreaks associated with increased morbidity and 
mortality since the early 2000s. The epidemic strain 
is resistant to fluoroquinolones in vitro , which was 
infrequent prior to 2001. The name of this strain 
reflects its characteristics, demonstrated by different 
typing methods: pulsed-field gel electrophoresis 
(NAP1), restriction endonuclease analysis (BI) and 
polymerase chain reaction (027). In 2004 and 2005, 
the US Centers for Disease Control and Prevention 
(CDC) emphasized that the risk of C. difficile -associated 
diarrhea (CDAD) is increased, not only by the usual 
factors, including antibiotic exposure, but also 
gastrointestinal surgery/manipulation, prolonged length 
of stay in a healthcare setting, serious underlying 
illness, immune-compromising conditions, and aging. 
Patients on proton pump inhibitors (PPIs) have an 
elevated risk, as do peripartum women and heart 
transplant recipients. Before 2002, toxic megacolon 
in C. difficile -associated colitis (CDAC), was rare, but 
its incidence has increased dramatically. Up to two-
thirds of hospitalized patients may be infected with  
C. difficile . Asymptomatic carriers admitted to healthcare 
facilities can transmit the organism to other susceptible 
patients, thereby becoming vectors. Fulminant colitis is 
reported more frequently during outbreaks of C. difficile  
infection in patients with inflammatory bowel disease 
(IBD). C. difficile  infection with IBD carries a higher 
mortality than without underlying IBD. This article 

reviews the latest information on C. difficile  infection, 
including presentation, vulnerable hosts and choice 
of antibiotics, alternative therapies, and probiotics 
and immunotherapy. We review contact precautions 
for patients with known or suspected C. difficile -
associated disease. Healthcare institutions require 
accurate and rapid diagnosis for early detection of 
possible outbreaks, to initiate specific therapy and 
implement effective control measures. A comprehensive  
C. diff ici le  infection control management rapid 
response team (RRT) is recommended for each health 
care facility. A communication network between RRTs 
is recommended, in coordination with each country’s  
department of health. Our a im is to convey a 
comprehensive source of information and to guide 
healthcare professionals in the difficult decisions that 
they face when caring for these oftentimes very ill 
patients.
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INTRODUCTION
In our two previous reviews[1,2], we joined those who 
have written about the new more virulent strain of  
Clostridium difficile that was described in December 2005 
in the National Institutes of  Health (NIH)/Center for 
Disease Control and Prevention (CDC) Morbidity and 
Mortality Weekly Report. This CDC report emphasized 
that, in the past, C. difficile-associated diarrhea (CDAD) 
usually affected hospital inpatients, but now was 
appearing in relatively healthy adults, including some 
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who had not even been exposed to a hospital setting.
Loo et al [3] and McDonald et al [4] have indicated 

that, not only is the rate of  disease associated with  
C. difficile increasing, but a previously uncommon strain 
of  C. difficile has been identified. This strain of  C. difficile, 
which has variations in its toxin genes, is more resistant 
to fluoroquinolones than prior strains. This newer 
and more virulent organism has emerged as a cause 
of  geographically dispersed outbreaks of  antibiotic-
associated diarrhea (AAD), specifically C. difficile diseases, 
CDAD and C. difficile-associated colitis (CDAC).

CDAD has also become a more severe disease, and 
more often has progressed to toxic megacolon (TM). 
More severe CDAC and CDAD have started to increase 
in incidence and severity. C. difficile also accounts for an 
increasing percentage of  community-acquired diarrhea 
cases. Fluoroquinolones, especially C-8-methoxy 
fluoroquinolones, such as moxifloxacin and gatifloxacin, 
have been incriminated in CDAD epidemics in different 
health care facilities. This current review attempts to 
provide an update on this new virulent organism that 
causes very severe CDAD and CDAC, and emphasizes 
the importance of  early recognition of  its complications 
and its treatment.

Typing of  bacterial outbreaks characterize C. difficile 
as a Gram-positive, anaerobic, spore-forming bacillus 
that is spread indirectly via the fecal-oral route through 
spores left on surfaces. It produces two cytotoxins, 
which bind to receptors on intestinal epithelial cells, 
leading to inflammation and diarrhea. The toxins loosen 
the junctions of  the epithelial cells that line the colon, 
allowing for penetration between epithelial cells[5]. This 
begins a cascade of  tissue-damaging inflammatory 
processes that involve the release of  destructive 
leukotrienes and cytokines.

Colonization of  C. dif ficile is facilitated by the 
disruption of  normal intestinal flora as a result of  
antimicrobial therapy. The antibiotics most frequently 
implicated in CDAD are clindamycin, penicillins, 
cephalosporins and fluoroquinolones[6].

There has been a dramatic increase in the frequency, 
severity and refractoriness of  C. dif ficile as seen in 
multiple outbreaks, not only in North America, but 
around the world. These factors are attributed to this 
hypervirulent strain, NAP1/BI/027.

Bartlett documented that, over the first 5 years in 
which CDAD was acknowledged to exist, 1978 to 1983, 
the most common cause of  CDAD was previous use 
of  clindamycin[7]. The standard diagnostic test was a 
cytotoxin assay. Standard management was to withdraw 
the implicated antibiotic and treat with oral vancomycin. 
Most patients responded well, but 25% relapsed when 
vancomycin was withdrawn. 

Over the next 20 years (1983-2003), the most commonly 
implicated antibiotics were the cephalosporins, which 
reflected their increased rates of  use. Fluoroquinolones 
now are the major inducing agents, a long with 
cephalosporins, a phenomenon which presumably reflects 
newly-acquired in vitro resistance and the escalating rates 
of  use[8].

Between 2003 and 2006, C. difficile has become more 
frequent, more severe, more refractory to standard 
therapy, and more likely to relapse than in previous 
years. This pattern has been seen throughout the United 
States, Canada and Europe, and is now attributed to a 
new strain of  C. difficile, alternatively designated as BI, 
NAP1, or ribotype 027 toxinotype Ⅲ (all synonymous 
terms). Although this strain had been isolated as far back 
as 1984, it has recently emerged as a public concern with 
the development of  fluouroquinolone resistance in our 
current era of  widespread fluouroquinolone use.

The emergence of  this hypervirulent C. difficile strain 
has vastly altered the face of  the disease, with increased 
nosocomial outbreaks and concomitant morbidity. 
In 2007, Blossom and McDonald[9] reported on the 
increasing incidence and severity of  C. difficile-associated 
disease attributable to this hypervirulent strain. This 
strain produces increased levels of  toxins A and B, as 
well as an extra toxin, known as ‘binary toxin’, which 
accounts for its increased toxicity. This previously 
uncommon strain now has become epidemic, and has 
been reported in populations that previously had been 
thought to be at low risk, including peripartum women 
and healthy persons living in the community. Individuals 
with low or undetectable levels of  antibody against  
C. difficile toxins are more likely to develop diarrhea than 
those with detectable antibody against the toxin. Careful 
adherence to infection control policies is critical to the 
control of  C. difficile, especially at nursing facilities, long-
term care and rehabilitation facilities and hospitals, 
as well as in the community. CDAD primarily occurs 
in hospitals, where exposure to antimicrobial drugs 
(the major risk factor for CDAD) and environmental 
contamination by C. difficile spores are more common[10].

Outbreaks of  CDAD due to the new, highly-virulent 
strain of  C. difficile have been recognized throughout 
European health care facilities, including 75 hospitals in 
England, 16 hospitals in the Netherlands, 13 healthcare 
facilities in Belgium, and nine healthcare facilities in 
France. In Germany, the first cases of  the highly-virulent 
C. difficile strain, reported in 2007 and characterized as 
PCR ribotype 027, were associated with high mortality[11]. 
Larger outbreaks of  C. difficile have been reported in 
northern France in particular[12]. These outbreaks are 
very difficult to control, and preliminary results from 
case-control studies indicate a correlation with the 
administration of  fluoroquinolones and cephalosporins. 

Seroprevalence increased in Denmark with increasing 
age in both 1990 and 1998. Unfortunately, the increase 
was about four times higher in 1998 than in 1990, which 
suggests a higher rate of  exposure to C. difficile in the 
general Danish adult population[13].

In Dublin, Ireland, C. difficile is a major cause of  
infectious diarrhea in hospitalized patients[14]. Between 
August 2003 and January 2004, there was an appreciable 
increase in the incidence of  C. difficile-associated disease, 
peaking at 21 cases per 1000 patient admissions. Of  the  
C. difficile isolates recovered, 85 (95%) were identical toxin 
A-negative and toxin B-positive strains, corresponding to 
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toxinotype Ⅷ and PCR ribotype 017. All clonal isolates 
were resistant to multiple antibiotics, including ofloxacin, 
ciprofloxacin, levofloxacin, moxifloxacin and gatifloxacin 
[minimum inhibitory concentrations (MICs) > 32 μg/mL] 
and erythromycin, clarithromycin and clindamycin (MICs 
> 256 μg/mL). Recurrent C. difficile-associated disease 
occurred in 26 (36%) of  the patients. At least 10 of  these 
26 patients (14%) developed C. difficile colitis. The authors 
found that careful attention to improving infection 
control interventions was the most important means of  
controlling this nosocomial pathogen.

Reported mortality rates from C. difficile-associated 
disease in the United States increased from 5.7 per million 
population in 1999 to 23.7 per million in 2004. These 
increased rates also may be caused by the emergence of  
a highly virulent strain of  C. difficile. C. difficile infection, 
according to Schroeder[15], is now responsible for 
approximately 3 million cases of  diarrhea and colitis 
annually in the United States, and has a mortality rate 
of  1%-2.5%. Zilberberg et al[16] have reviewed a sample 
of  more than 36 million annual discharges from non-
governmental US hospitals, and have concluded that 
2.3% of  the cases of  C. difficile-related disease were fatal, 
amounting for roughly 5500 deaths. That was nearly 
double the percentage that resulted in death in 2000. 

In Canada, Pépin et al[17,18] have documented that, 
since 2002, an epidemic of  CDAD caused by the same 
hypervirulent strain previously found in the United 
States, the United Kingdom and the Netherlands, has 
spread to as many as 30 hospitals in Quebec. More 
than half  (55%) of  the patients with CDAD at the 
investigators’ own hospital had received fluoroquinolones 
within the preceding 2 mo. Moreover, the excessive use 
of  proton pump inhibitors might have facilitated this 
epidemic. This CDAD was associated with a very high 
case-fatality rate and with a 30-d mortality rate of  23.0% 
(37/161) compared with 7.0% (46/656) of  matched 
control subjects (P < 0.001). Twelve months after diagnosis, 
mortality was 37.3% (60/161) among patients with 
CDAD vs 20.6% (135/656) among controls (P < 0.001), 
for a cumulative absolute attributable mortality of  16.7% 
[95% confidence interval (CI) 8.6%-25.2%]. Each case 
of  nosocomial CDAD led, on average, to 10.7 additional 
hospital days. These investigators documented especially 
high attributable mortality among elderly patients with 
CDAD, mostly caused by this hypervirulent strain, 
which represents a dramatic change in the severity of  
this infection. Kuijper et al[19] have estimated that the 
financial impact of  CDAD on the healthcare system is 
5-15 000 Euros/case in England and $1.1 billion/year 
total expenditures in the USA. Assuming a European 
Union (EU) population of  457 million, the potential cost 
of  CDAD in the EU can be estimated to be 3 billion 
Euros/year, and this is expected to almost double over 
the next four decades. 

In Zimbabwe, C. difficile was isolated from 29.0% 
of  100 chicken feces samples and from 22.0% of  
100 soil samples. Some of  the C. difficile isolates from 
chickens (89.7%) and soil (95.5%) were toxigenic. All 

of  the isolates were resistant to cefotaxime, gentamicin, 
ciprofloxacin, norfloxacin and nalidixic acid. The results 
of  this study suggest that broiler chickens sold at 
marketplaces can be an important source of  C. difficile, 
and may infect humans through consumption[20].

The incidence of  CDAD in Singapore has remained 
relatively low, with isolates remaining susceptible to 
metronidazole and vancomycin[21].

CHARACTERISTICS OF AN 
INCREASINGLY PATHOGENIC 
C. DIFFICILE
The new, hypervirulent strain, NAP1/BI/027, has 
been implicated as the responsible pathogen in selected  
C. difficile outbreaks since the early 2000s. The epidemic 
strain is resistant to f luoroquinolones in vi tr o , a 
characteristic which was an infrequent observation in  
C. difficile strains prior to 2001. Five main characteristics of  
this strain contribute to the clinical and epidemiological 
observations. (1) The epidemic strain produces a binary 
toxin, an additional toxin that is not present in other  
C. difficile strains[22,23]. (2) Binary toxin is related to the iota-
toxin found in Clostridium perfringens, and its role in  
C. difficile pathogenesis is not fully understood[24,25]. (3) The 
epidemic strain produces substantially larger quantities 
of  toxins A and B in vitro than other C. difficile strains[26]. 
(4) Toxin production by an emerging strain of  C. difficile 
has been associated with outbreaks of  severe disease in 
North America and Europe[27]. The epidemic strain is 
toxinotype Ⅲ; most other C. difficile strains are toxinotype 
0[28]. Toxinotyping is based on analysis of  the pathogenic 
locus (PaLoc) of  the C. difficile genome, the region that 
includes the genes for toxin A (tcdA), toxin B (tcdB), and 
neighboring regulatory genes. (5) The epidemic strain 
has a partial deletion of  tcdC, a gene in PaLoc that is 
responsible for down-regulation of  toxin production[29]. 

C. difficile produces at least two distinct toxins[30]. These 
have been labeled toxin A and toxin B. Although initially 
thought to have distinctive actions, both now appear to be 
cytotoxic and enteropathic. Previous animal experiments 
have suggested that only toxin A mediates diarrhea 
and enterocolitis, even though C. difficile releases two 
structurally similar exotoxins. But when toxin A-negative/
toxin B-positive strains of  C. difficile are isolated from 
patients with AAD and colitis, this indicated that toxin B 
also may also be pathogenic in humans. C. difficile toxin B, 
like toxin A, has been found to be a potent inflammatory 
enterotoxin in the human intestine[31].

Both toxins disrupt the actin cytoskeleton of  
intestinal epithelial cells by uridine diphosphate-glucose 
dependent glycosylation of  Rho and Ras proteins[32]. 
Stabler et al[33] have reported that toxin B from 027 
strains may have a different binding capacity than their 
less-virulent counterparts and may, in addition to the 
mutated tcdC regulator, be responsible for the increased 
virulence of  the 027 strains. 

The most widely used laboratory assays for C. difficile 
infection involve toxin A and/or toxin B detection, and 
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The Spectrum of Pseudomembranous Enterocolitis
and Antibiotic-Associated Diarrhea
Brian W. Hurley, MD; Cuong C. Nguyen, MD

P seudomembranous (entero)colitis is primarily caused by Clostridium difficile infection.
The most common predisposing factor is prior use of antibiotics, including vancomy-
cin and metronidazole, which themselves are therapy for C difficile colitis. Other risk
factors have also been described. The presence of C difficile in the gastrointestinal tract

leads to a spectrum of manifestations from the asymptomatic carrier state to fulminant colitis. Suc-
cessful treatment of C difficile colitis requires prompt treatment with appropriate antibiotics, with-
drawal of the suspected predisposing antibiotics, and, in rare cases, total colectomy. Preventive
measures of adequate infection control and judicious use of antibiotics are necessary means in at-
tempting to control the spread of C difficile infection. Attempts at making an effective human vac-
cine are currently under way. Arch Intern Med. 2002;162:2177-2184

HISTORICAL PERSPECTIVE

Preantibiotic Era

The first reported case of pseudomembra-
nous enterocolitis (PMC) was reported by
J. M. Finney in association with William Os-
ler in 1893. They described a 22-year-old
woman who underwent resection of gas-
tric tumors and developed postoperative di-
arrhea. She died on the 15th postopera-
tive day, and at autopsy, the small bowel
revealed diphtheritic membranes.1,2 In the
preantibiotic era, PMC was rare. Only about
4 cases were recognized annually at the
Mayo Clinic (Rochester, Minn).1,3 It was
feared as a catastrophic complication of sur-
gery because the diagnosis was only made
at autopsy.

The most common clinical setting in
those cases not associated with antibiotic
therapy was colonic, pelvic, or gastric sur-
gery. Other risk factors include spinal frac-
ture, intestinal obstruction, colon carci-
noma, leukemia, severe burns, shock,
uremia, heavy metal poisoning, hemolytic-

uremic syndrome, ischemic cardiovascu-
lar disease, Crohn disease, shigellosis,
severeinfection,ischemiccolitis,andHirsch-
sprung disease.1 There is no definitive ex-
planation for how these conditions lead to
PMC, but it may be related to alterations
in host defense mechanisms and enteric
flora. Several postoperative cases were re-
lated to hypotension and shock, suggest-
ing an ischemic origin.4

Early Antibiotic Era (1950-1969)

During the dawn of the antibiotic era, PMC
became a common complication of anti-
biotic use. Staphylococcus aureus, the prin-
cipal nosocomial pathogen at that time,
was implicated as the agent responsible for
this condition by Gram stains and cul-
tures of stools.1 Thus, vancomycin be-
came the standard treatment.

Established Antibiotic Era (1970s)

Because vancomycin therapy worked, the
causative agent was not questioned until
the middle to late 1970s. The use of clin-
damycin had become widespread during
this period. A landmark study by Te-
desco et al5 at the Barnes-Jewish Hospital

From the Division of Hospital Internal Medicine (Dr Hurley) and the Division
of Gastroenterology and Hepatology (Dr Nguyen), Mayo Clinic (Scottsdale),
Scottsdale, Ariz.
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Changing pattern of Clostridium difficile associated diarrhoea in
a tertiary care hospital: A 5 year retrospective study

Rama Chaudhry, Lovely Joshy, Lalit Kumar* & Benu Dhawan

Departments of Microbiology, *Medical Oncology, Institute-Rotary Cancer Hospital
All India Institute of Medical Sciences, New Delhi, India

Received December 7, 2006

Background & objectives: Frequent use of broad spectrum antibiotics in hospitalized patients has
increased the incidence of Clostridium difficile diarrhoea in recent years. In our tertiary care hospital
in north India, C. difficile was responsible for 15 per cent of cases of nosocomial diarrhoea in 1999.
A retrospective study was carried out to determine the frequency of C. difficile associated diarrhoea
(CdAD) in our hospital, and to assess the effect of awareness among the hospital personnel and
control measures taken to present C. difficile infection following the previous report.

Methods: A retrospective chart review of all suspected cases of CdAD diagnosed at the hospital
from January 2001 to December 2005 was done. Clinical specimens comprised 524 stool samples.
All the samples were analyzed for C. difficile using culture and ELISA for toxin A and B. Attempts
were made to type isolates using antibiogram, SDS-PAGE, gas liquid chromatography (GLC),
PCR for toxin A and B gene fragments and restriction fragment length polymorphism (RFLP).

Results: A total of 37 (7.1%) specimens were positive for C. difficile toxin (11.2% in 2001, 9.4% in
2002, 8.6% in 2003, 5% in 2004 and 4% in 2005). The highest number of C. difficile toxin positive
cases were from stool samples of patients hospitalized in the haematology/oncology ward (67.5%
of all positive cases) followed by  gastrointestinal surgery, neurology and nephrology wards. Of
the C. difficile toxin positive samples, 15 (41%) were also positive for C. difficile culture. The
isolates were grouped in to one, 3 and 5 groups using antibiogram, SDS-PAGE and PCR RFLP
respectively. We observed an increase in the number of stool specimens tested for C. difficile infection
but a decrease in C. difficile positives.

Interpretation & conclusions: A decrease in the number of C. difficile positive cases were noted
during the 5 year study period though number of samples tested was increased. This may be due to
stringent surveillance and an improved antibiotic policy followed in the hospital.

Key words C. difficile - culture - toxin A - toxin B - typing

Diarrhoea is one of the most frequent side effects
of antibiotic treatment. The symptoms may vary from

slight abdominal discomfort to severe diarrhoea to
colitis1. The aetiology of antibiotic associated diarrhoea

377
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Table I. Age and sex distribution of the patients (n=524)

No. of patients (%)

Male 279 (53)

Female 245 (47)

Age group (yr):

0-12 60 (11.5)

>12-6 432 (82.4)

>60 32 (6.1)

(AAD) varies. The disruption of normal enteric flora
caused by antibiotics may lead to overgrowth of
pathogens and functional disturbances of the intestinal
carbohydrate and bile acid metabolism, resulting in
osmotic diarrhoea1. Allergic, toxic and pharmacological
effects of antibiotics may also affect the intestinal
mucosa and motility2. Cytotoxin producing Clostridium
difficile has been reported to be the causative agent of
approximately 20 per cent of AAD and of nearly all
cases of pseudomembraneous colitis, the most severe
manifestation of AAD1. Because of the frequent use of
broad spectrum antibiotics, the incidence of C. difficile
diarrhoea has risen dramatically in recent years3,4.
Established guidelines should be followed to minimize
exposure to the pathogen which include judicious use
of antibiotics, rapid detection of C. difficile by
immunoassays for toxin A and B, isolation of patients
who had C. difficile associated diarrhoea (CdAD),
proper disinfection of objects and education of staff
members5. In our hospital which is a tertiary care
hospital in north India, C. difficile was responsible for
15 per cent of cases of nosocomial diarrhoea in 19996.
Standard control measures were implemented in our
hospital to minimize the spread of this nosocomial
pathogen after this report. This retrospective analysis
was carried out in continuation of our earlier study6 to
determine the effect of awareness and control measures
taken to contain C. difficile infection in our hospital
during the subsequent years.

Material & Methods

The study comprised retrospective analysis of faecal
specimens from 524 patients suspected on clinical
grounds to have CdAD2. The patients were hospitalized
in All India Institute of Medical Sciences, New Delhi,
India, over a period of 5 yr (January 1, 2001 - December
31, 2005). These included 80 patients in 2001, 96 in
2002, 92 in 2003, 106 in 2004 and 150 patients in 2005
respectively. Of these, 53 per cent were males and 82.4
per cent were in all age group >12-60 yr (Table I).

Clinical information about the cause of diarrhoea
underlying disease and antimicrobial therapy was
obtained by reviewing the patient charts. A patient was
considered to have CdAD if AAD was present and a
stool specimen was positive in a toxin dependent
C. difficile assay.

Sample collection and isolation of C. difficile: All the
stool specimens were processed immediately for culture
of C. difficile and stool aliquots were stored at -200C
for <72 h till they were tested for C. difficile toxin A
and B. Spore selection was performed using 95 per cent
ethanol and culture for C. difficile was done on
cycloserine cefoxitin fructose agar (CCFA) and brain
heart infusion agar (BHIA) as described elsewhere6.
Concurrently, a loopful of stool specimen was
inoculated into Robertsons cooked meat broth and
incubated at 370C for 48 h.

The plates were incubated anaerobically at 370C in
an anaerobic jar for 48 h. After incubation, the plates
were examined and colonies which resembled C.
difficile were Gram stained and identified by
biochemical reactions using standard methods7.

When culture plate were  negative for C. difficile,
subcultures were made from cooked meat broth onto
CCFA and BHIA and incubated anaerobically at 370C
up to 5 days before being discarded as negative.

Enzyme immunoassay for toxin A and B: Detection of
enterotoxin and cytotoxin (toxin A and toxin B) of C.
difficile was performed on the stool specimens by a
double sandwich enzyme-linked immunosorbent assay
technique using a commercial kit (Premier toxins A &
B; Meridian Diagnostics, Inc., Cincinnati, Ohio, USA).
The assay was performed according to the
manufacturer’s instructions.

Characterization of C. difficile isolates: All the C.
difficile isolates were characterized phenotypically
using antibiogram, SDS-PAGE6, gas liquid
chromatography (GLC)7, and genotypically using PCR
for toxin A gene  and RFLP8,9.

Antibiogram typing - Antibiogram patterns were
determined by disc diffusion method10. The antibiotics
tested were chloramphenicol (30 µg), penicillin G (10
units), clindamycin (2 µg), vancomycin (5 µg),
metronidazole (5 µg), tetracycline (30 µg) and
erythromycin (10 µg). The results were expressed as
susceptible or resistant.

Analysis of volatile fatty acids by gas liquid
chromatography (GLC): All isolates were inoculated

378 INDIAN J MED RES, APRIL 2008
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Poor use of antibiotics has resulted in the emergence of superinfections, among them antibiotic-
associated diarrhea

Among the advances in modern medicine so far, the advent of antibiotics has had one of the most significant 
impacts on patient survival. Unfortunately with all that is good must come some that is bad! The emergence of 
superinfections and multidrug-resistant pathogens is a direct consequence of poor antibiotic stewardship and 
indiscriminant usage of available antibiotics. One of the greatest challenges currently facing the medical fraternity is 
the increasing emergence of antibiotic-associated diarrhoea. (1) 

Diarrhoea is defined as increased stool weight, in excess of 200 g/day, and having more than 3 bowel movements 
per day. An acceptable clinical definition for diarrhoea is having more than 3 loose or watery bowel movements per 
day compared with individual baseline. Diarrhoeal stools are defined as those that take the shape of their container. 

Aetiology of acute diarrhoeal syndromes

The chronicity of symptoms helps to distinguish acute from chronic diarrhoea and helps to guide the diagnostic 
approach and treatment strategy. Acute diarrhoea usually lasts less than 2 weeks and is often infectious in nature. 
Diarrhoea is considered to be persistent if it lasts more than 2 weeks and chronic if it lasts more than 4 weeks. The 
initial work-up for an acute diarrhoeal illness should include microscopy of the stool specimen. This information 
must be interpreted in relation to the patient's clinical presentation and medical history. 

The pathogenesis of acute diarrhoea can be divided into 4 broad categories: 

* osmotic 

* secretory 

* inflammatory 

* infective. 

Faecal leukocytes and lactoferrin help in the distinction between inflammatory and non-inflammatory causes of 
diarrhoea. Elevated faecal leucocytes and the isolation of pathogenic microbes strongly suggest an infective 
aetiology of the diarrhoea. The absence of an identifiable microbe or microbial toxin with the presence of red blood 
cells may suggest an inflammatory bowel disease or underlying bowel ischaemia as possible aetiologies in the 
appropriate clinical setting. 

The aetiology of non-infectious, non-inflammatory acute diarrhoea includes: 

* Faecal impaction--this is associated with absent or hypoactive bowel sounds, minimal abdominal distension and 
no systemic signs of note. 
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* Side-effects of drugs--especially osmotic laxatives, digitalis, [beta]-blockers, ACE inhibitors, antiarrhythmics, 
diuretics, cholesterol-lowering drugs and anti-Parkinson disease drugs such as levodopa. 

* Secretory diarrhoea--this is usually associated with toxin production from pathogenic bacteria, but occasionally 
may be due to an underlying abdominal malignancy. (2) 

* Osmotic diarrhoea--this is usually due to malabsorption syndromes, bowel bacterial overgrowth, and blind-loop 
syndromes. One of the most underrecognised causes of osmotic diarrhoea in hospitalised patients is enteral 
feeding. This can occur in up to 39% of patients in general medical beds and in up to 63% of patients in critical care 
units. It is believed that the composition of the enteral formula coupled with broad-spectrum antibiotics may have an 
adverse effect on the colonic microflora. The colonic microflora normally produces short-chain fatty acids (SCFAs); 
these SCFAs are tropic to the colonic flora and are used as a fuel by the enterocytes. The SCFAs are normally 
absorbed in the colon, enhancing water and electrolyte absorption. Thus, the excess of medium- and long-chain 
fatty acids in the supplemented enteral feeds and lack of metabolism to SCFAs by the disrupted enteral microflora 
exacerbates the osmotic effects of enteral feeds. (3) 

Antibiotic-associated diarrhoea

Antibiotic-associated diarrhoea is defined as 'otherwise unexplained diarrhoea that occurs in association with the 
administration of antibiotics'. The frequency of this complication varies among antibacterial agents. Diarrhoea 
occurs in approximately 5-10% of patients who are treated with ampicillin, 10-25% of those who are treated with
amoxicillin-clavulanate, 15-20% of those who receive cefixime, and 2-5% of those who are treated with other 
cephalosporins, fluoroquinolones, azithromycin, clarithromycin, erythromycin, and tetracycline.

Antibiotic-associated diarrhoea

The pathogenesis is thought to be related to the fact that antibiotics may substantially reduce the concentration of 
faecal anaerobes that are normally present. As a consequence, the metabolism of carbohydrates may decrease, 
which causes osmotic diarrhoea. Furthermore, the rate of breakdown of primary bile acids may be reduced, and 
these are potent colonic secretory agents. Antibiotic-associated diarrhoea may also be caused by other enteric 
pathogens, by the direct effects of antimicrobial agents on the intestinal mucosa (e.g. macrolide antibiotics), and by 
the metabolic consequences of reduced concentrations of faecal flora. 

The clinical findings in antibiotic-associated diarrhoea range from colitis to nuisance diarrhoea. Nuisance diarrhoea 
is defined as frequent loose and watery stools with no other complications. Antibiotic-associated colitis maybe 
associated with abdominal cramping, fever, serum leukocytes, faecal leukocytes, hypoalbuminaemia from 
malabsorption, colonic thickening on computed tomography (CT) and pseudomembrane formation. 

The most common pathogen implicated in antibiotic-associated diarrhoea is Clostridium difficile. It accounts for 
between 10% and 20% of the cases of antibiotic-associated diarrhoea. Other enteric pathogens that can cause 
diarrhoea include Salmonella sp., Clostridium perfringens, Staphylococcus aureus and possibly Candida albicans. 
The remainder of this article will be dedicated to C. difficile-associated diarrhoea (CDAD) because it is emerging as 
a significant pathogen in the aetiology of nosocomial diarrhoea and carries with it a significant mortality risk. 

C. difficile-associated diarrhoea

C. difficile is the leading identified cause of nosocomial diarrhoea associated with antibiotic therapy. About 20% of 
hospitalised patients who receive antibiotics will develop diarrhoea. C. difficile has been implicated as the causative 
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Abstract: The major virulence factors of Clostridium difficile infection (CDI) are two 
large exotoxins A (TcdA) and B (TcdB). However, our understanding of the specific roles 
of these toxins in CDI is still evolving. It is now accepted that both toxins are enterotoxic 
and proinflammatory in the human intestine. Both purified TcdA and TcdB are capable of 
inducing the pathophysiology of CDI, although most studies have focused on TcdA. 
C. difficile toxins exert a wide array of biological activities by acting directly on intestinal 
epithelial cells. Alternatively, the toxins may target immune cells and neurons once the 
intestinal epithelial barrier is disrupted. The toxins may also act indirectly by stimulating 
cells to produce chemokines, proinflammatory cytokines, neuropeptides and other 
neuroimmune signals. This review considers the mechanisms of TcdA- and TcdB-induced 
enterotoxicity, and recent developments in this field. 

Keywords: Clostridium difficile; toxin A (TcdA); toxin B (TcdB); enterotoxicity 
 

1. Introduction  

Clostridium difficile is a Gram-positive, spore-forming anaerobic bacillus. It is the most common 
cause of nosocomial antibiotic-associated diarrhea and is the etiologic agent of pseudomembranous 
colitis [1]. With the recent emergence of hypervirulent strains, the incidence of C. difficile-associated 
diarrhea and intestinal inflammatory disease (collectively designated CDI) has increased significantly 
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in both North America and Europe, causing lengthy hospitalization, substantial morbidity and mortality. 
Of further concern is the recent emergence of hypervirulent strains that are resistant to antibiotics. 

CDI is a toxin-mediated disease. Two exotoxins, toxin A (TcdA) and toxin B (TcdB), are the most 
extensively studied major virulence factors, supported by reports demonstrating that C. difficile 
clinical isolates lacking both toxin genes are non-pathogenic in humans and animals [2–4]. In addition 
to TcdA and TcdB, a limited number of C. difficile isolates also produce a binary toxin (CDT) that 
exhibits ADP-ribosyltransferase activity [5–7]. The pathophysiological role of CDT in CDI remains 
poorly understood [8–10]. In addition to these toxins, several other factors may play a role in disease 
manifestation. These factors include fimbriae and other molecules facilitating adhesion, capsule 
production and hydrolytic enzyme secretion, although none of these have been studied in detail [11–13]. 
Recent studies have also shown that the surface layer proteins of C. difficile play an important role in 
bacterial colonization, and that antibodies raised against these proteins are partially protective [14,15]. 

TcdA and TcdB possess a wide spectrum of biological activities, which may contribute to the range 
of symptoms associated with CDI. Toxin-induced disruption of the cytoskeleton leads to cytopathic 
effects in cultured cells within hours of intoxication, and this effect has been suggested to be mediated 
through Rac1 inactivation [16]. Although TcdB is generally more potent (~1000 fold) than TcdA, both 
are cytotoxic to most cultured cells where they trigger caspase-dependent apoptosis [17–19]. TcdA and 
TcdB also possess potent proinflammatory activity, and are capable of stimulating intestinal epithelial 
cells and immune cells to produce cytokines and chemokines [20–24]. Ileal-loop experiments in 
animal models have clearly demonstrated that TcdA is an enterotoxin [25,26]. TcdB was initially 
reported to exhibit no enterotoxic activity in animal models [27,28]. However, later studies have 
demonstrated its enterotoxic and proinflammatory activities in human colonic biopsies [29], human 
intestinal xenografts in immunodeficient (SCID) mice [20], and in hamsters [30]. To support this view, 
TcdA−B+ C. difficile clinical isolates can cause disease in patients and in experimental animal models 
[30,31]. Both TcdA and TcdB are highly toxic when administered systemically [32,33]. Systemic 
toxemia may therefore contribute to extraintestinal disease complications associated with severe cases 
of CDI [34,35]. In this review, we highlight the mechanisms of TcdA- and TcdB-induced 
enterotoxicity, and consider recent developments in this area. 

2. C. difficile Infection in Humans 

C. difficile infection is caused by the ingestion of vegetative organisms and spores, most likely the 
latter which survive exposure to gastric acidity and germinate in the colon [36,37]. Antibiotic exposure 
is the most significant risk factor in developing CDI [38]. The clinical manifestations are highly 
variable, ranging from asymptomatic carriage, to mild self-limited diarrhea, to severe 
pseudomembranous colitis (collectively designated as CDI). Systemic complications are rare, but have 
been reported [39–43]. Standard therapy depends on treatment with vancomycin and/or metronidazole, 
neither of which is fully effective [44]. More importantly, an estimated 15–35% of those infected with 
C. difficile relapse following treatment [45,46]. Alternative experimental treatment options include the 
use of probiotics, fecal treansplant, toxin-absorbing polymer, new antibiotics, monoclonal antibodies, 
IVIG, and toxoid vaccines [47–52].  
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Antibiotic-Associated Diarrhea: Candidate Organisms other 
than Clostridium Difficile 
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Background/Aims : The direct toxic effects of antibiotics on the intestine can alter digestive functions and cause 

pathogenic bacterial overgrowth leading to antibiotic-associated diarrhea (AAD). Clostridium difficile (C. difficile) is widely 

known to be responsible for 10～20% of AAD cases. However, Klebsiella oxytoca, Clostridium perfringens, 

Staphylococcus aureus, and Candida species might also contribute to AAD. 

Methods : We prospectively analyzed the organisms in stool and colon tissue cultures with a C. difficile toxin A 

assay in patients with AAD between May and December 2005. In addition, we performed the C. difficile toxin A 

assays using an enzyme-linked fluorescent assay technique. Patients were enrolled who had diarrhea with more than 

three stools per day for at least 2 days after the initiation of antibiotic treatment for up to 6～8 weeks after antibiotic 

discontinuation. 

Results : Among 38 patients (mean age 59±18 years, M:F=18:20), the organism isolation rates were 28.9% (11/38) 

for stool culture, 18.4% (7/38) for colon tissue cultures and 13.2% (5/38) for the C. difficile toxin A assay. The overall 

rate of identification of organisms was 50.0% (19/38). Of the five patients that had a positive result by the C. difficile 

toxin A assay, two had no organism isolated by the stool or colon tissue culture. The organisms isolated from the stool 

cultures were C. difficile (4), Klebsiella pneumoniae (K. pneumoniae) (3), Candida species (3), and Staphylococcus aureus 

(1). C. difficile (4) and K. pneumoniae (3) were isolated from the colon tissue culture. 

Conclusions : For C. difficile negative AAD patients, K. pneumoniae, Candida species, and Staphylococcus aureus 

were found to be potential causative organisms.
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INTRODUCTION

Antibiotic-associated diarrhea (AAD) is defined as diarrhea that 

occurs in association with the administration of antibiotics1). The 

direct toxic effects of antibiotics on the intestine can alter 

digestive functions secondary to reduced concentrations of the 

normal gut bacteria, or cause pathogenic bacterial overgrowth2, 3). 

Understanding the different mechanisms that cause AAD may 

help to prevent this condition, improve medical care and reduce 

medical cost. Clostridium difficile (C. difficile) is widely known to 

be responsible for approximately 10～20% of cases of AAD and 

almost all cases of pseudomembranous colitis4-7). However, 

Klebsiella oxytoca8), enterotoxin-producing Clostridium perfrin-

gens9-11), Staphylococcus aureus12), Candida species13, 14), 

Salmonella species, and Pseudomonas aeruginosa15) might also 

contribute to the development of AAD2, 5).

However, little is known about other candidate organisms in 

this context and the clinical correlation between endoscopic
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Clostridium difficile

by Kelly Fly

Clostridium difficile, often called “C. diff,” is an antibiotic-associated, endospore forming 
bacterium that can cause symptoms ranging from diarrhea to life-threatening inflammation of the 
colon, called colitis. Clostridium bacteria are rod-shaped spore-forming bacteria that live under 
anaerobic conditions.1 C. diff is spread by contact with the hands. Illness from C. diff most 
commonly affects olderadults in hospitals or in long term care facilities and typically occurs after 
the use of antibiotic medications. It is the most common infection acquired by patients while 
they are in the hospital.2

C. diff spores lie dormant inside the colon until a person takes an antibiotic. The 
antibiotic disturbs the normal bacteria that live within the colon that would prevent the bacteria 
from transforming into its active, disease causing state. As a result, C. diff transforms into its 
infectious state and produce toxins that inflame and damage the colon. The inflammation causes 
an influx of white blood cells to the colon. The severity of colitis can vary.2 The ability of C. diff
to form spores is thought to be a key feature in enabling the bacteria to persist in patients and the 
physical environment for long periods of time, and as a result, facilitate its transmission. C. diff 
has two exotoxins, toxins A and B, that are both cytotoxic for a number of different cell types.2

Some people who have C. diff never become sick, even though they can still spread the 
infection. The illness usually develops during or shortly after a course of antibiotics, but signs 
and symptoms may not appear for weeks or even months after.3 The most common symptoms of 
mild to moderate C. diff disease are:1

• Watery diarrhea three or more times a day for two or more days
• Mild abdominal cramping and tenderness
In more sever cases, C. diff causes the colon to become inflamed (colitis) or to form patches of 
raw tissue that can bleed or produce pus. Signs and symptoms of sever infection include:1

• Watery diarrhea 10 to 15 times a day
• Abdominal cramping and pain, which may be severe
• Fever
• Blood or pus in the stool
• Nausea
• Dehydration
• Loss of appetite
• Weight loss

Doctors often suspect C. diff in anyone with diarrhea who has taken antibiotics during the 
past two months or when diarrhea develops a few days after hospitalization. In such incidences, 
you are likely to have one or more of the following tests:1

• Stool tests: Toxins produced by C. diff bacteria can usually be detected in a sample of 
your stool.
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• Colon examination: To help confirm a diagnosis of C. diff infection, a doctor may 
examine the inside of your colon.

• Imaging tests: If there are concerns about complications of C. diff, a doctor may order a 
computerized tomography (CT) scan, which provides detailed images of your colon.

The most important first step in treatment is cessation of the inciting agent, most 
commonly the antibiotic that triggered the infection. If further treatment is required, 
antimicrobial therapy directed against C. diff is recommended. Doctors usually prescribe 
metronidazole for mild to moderate illness. Vancomycin may be used for more severe 
symptoms. These antibiotics keep C. diff from growing and allow normal bacteria to flourish 
again in the intestine.1,2 Probiotics, organisms that help restore a healthy balance to the intestinal 
tract, used in conjunction with antibiotics have proved to be effective in preventing recurrent C. 
diff infections. If severe pain, organ failure or inflammation of the lining of the abdominal wall 
are present, surgery may be necessary to remove the diseased portion of the colon.1

Prevention of nosocomial transmission of C. diff depends on careful attention to 
handwashing, isolation and barrier precautions and cleaning of the physical environment 
throughout the duration of symptomatic disease.2 If the patient is in the hospital, visitors and 
hospital staff coming to the patient’s room need to be gowned and gloved to prevent them from 
picking up the C. diff and spreading it to other patients or the environment.3 The physical 
hospital environment of patients with C. diff infection is often contaminated and has been 
implicated as one reservoir for the transmission of the organism to other patients. As a result, 
cleaning of the surfaces and equipment with disinfecting agents capable it eliminate C. diff and 
its spores, such as diluted hypochlorite solution, have been recommended.2

In 1935, C. diff was described as part of the normal flora. By the 1950s, 
pseudomembranous enterocolitis was thought to occur infrequently and was thought to be caused 
by either Staphylococcus aureus or Candida albicans. In 1974, a prospective study found that 
21% of patients treated with clindamycin reported diarrhea and pseudomembranous colitis in 
10%. In 1977, a toxin produced by a Clostridium species was proposed as the cause of 
clindamycin-induced ileocecitis, and in 1978, C. diff was clearly identified as the causal agent of 
antibiotic associated colitis in humans.4

C. diff toxins can be found in the stool of 15% to 25% of patients with antibiotic 
associated diarrhea and more than 95% of patients with pseudomembranous colitis. In US 
hospitals participating in the National Nosocomial Infections Surveillance System, there was an 
average of 12.2 reported cases of C. diff associated diseases (CDAD) per 10,000 patient per day 
in the years 1987 to 1998. Data from the US Centers for Disease Control and Prevention (CDC) 
reported that hospitalizations with a discharge diagnosis of CDAD have significantly increased 
from 31 per 100,000 population in 1996 to 61 per 100,000 in 2003.5

From 1999 to 2005 in Texas, there were 1004 C. diff related deaths. 58% of those were 
attributed to the underlying causes and 42% attributed as a contributing cause. The rate of deaths 
have significantly increased from 1999 to 2005, approximately 6-fold increase. In 1999, 50 
deaths were attributed as the underlying or contributing cause (0.2 per 100,000 population) 
versus 274 deaths in 2005 (1.2 per 100,000 population).6
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Clostridium difficile-associated disease:
New challenges
from an established pathogen

REVIEW

■ ABSTRACT

Clostridium difficile-associated disease (CDAD) can range
from uncomplicated diarrhea to sepsis and even death.
CDAD rates and severity are increasing, possibly due to
a new strain. Transmission of C difficile occurs primarily
in health care facilities via the fecal-oral route following
transient contamination of the hands of health care
workers and patients; contamination of the patient care
environment also plays an important role.

■ KEY POINTS

A recently identified strain of C difficile that has caused
numerous outbreaks of clinically severe disease in North
America and Europe produces 16 times more toxin A and
23 times more toxin B than other strains.

Since nosocomial CDAD is almost always associated with
antimicrobial use, one should avoid unnecessary and
inappropriate antimicrobial therapy.

If a patient has CDAD, the clinician must vigilantly
monitor for disease progression and follow infection
control guidelines to prevent spread to other patients.

Important principles in treating CDAD include stopping
the offending antimicrobial agent if possible, giving
metronidazole or vancomycin orally for no less than 10
days, and following patients closely for any signs of
clinical progression during therapy.

LOSTRIDIUM DIFFICILE-ASSOCIATED DISEASE
(CDAD) is increasing in incidence and

severity and may be becoming more difficult to
treat. Recent reports of a more virulent and pos-
sibly more resistant strain of C difficile’s causing
epidemics in both the United States and
Canada have heightened clinicians’ awareness
of CDAD, emphasizing the importance of early
recognition and appropriate treatment.

In this article, we review the current state
of knowledge concerning the epidemiology,
pathogenesis, clinical presentation, diagnosis,
treatment, and prevention of CDAD.

■ CASE REPORT

A 37-year-old man presented to the emergency
department because of diffuse abdominal pain
and nonbloody diarrhea. One day earlier he
had been discharged from the hospital, where
he had received ceftriaxone and azithromycin
for 7 days for bronchitis. Within hours after
going home he passed numerous liquid brown
stools; by evening he had become disoriented
and an ambulance was called. When he
arrived, emergency personnel gave him nalox-
one for a possible drug overdose, although his
fiancé reported that he had taken only one dose
each of hydromorphone and lorazepam since
returning home (later confirmed by pill count).

His medical history included chronic
obstructive pulmonary disease, depression,
chronic back pain, and tobacco use. Medications
included a fentanyl patch 75 µg/hour every 3
days, gabapentin 600 mg three times a day,
hydromorphone 4 mg every 4 hours as needed,
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colon must be disrupted (as with antimicro-
bials) and C difficile must be ingested (FIGURE 3).
Although these events need not necessarily
occur in that order,20 once both of them occur,
the patient can become colonized or develop
CDAD.

Toxins are essential for disease
It is unclear why some patients develop dis-
ease and others do not; however, toxin pro-
duction is essential for disease to occur.

C difficile’s primary virulence factors are
toxins A and B, which are responsible for
inflammation, fluid and mucous secretion, and
mucosal damage (FIGURE 1), which lead to diar-
rhea or colitis.23

A recently identified strain of C difficile,
designated North American pulsed-field gel
electrophoresis type 1 (NAP 1), has caused
numerous outbreaks of clinically severe dis-
ease in North America and Europe. NAP 1
produces 16 times more toxin A and 23 times
more toxin B than other strains,29,30 possibly
due to a deletion in a negative regulatory
gene.30 In addition, NAP 1 produces a third
toxin, known as binary toxin, although its sig-
nificance is unknown. This new strain is resis-
tant to both gatifloxacin and moxifloxacin,
which is a new finding compared with histori-
cal strains.

Colonization, immunity
Only toxigenic strains of C difficile produce
clinical disease, but toxin production does not
guarantee symptomatic progression.23 Other
host factors can influence the clinical presen-
tation, such as preexisting colonization with C
difficile and humoral immunity.

Some suggest that colonization with C dif-
ficile can actually protect against symptomatic
disease,31 due to the development of immuni-
ty. Kyne and colleagues32 demonstrated that
asymptomatic carriers had significantly greater
antibody responses to toxin A than those who
developed nosocomial CDAD.

■ CLINICAL PRESENTATION VARIES

The incubation period from ingestion of C dif-
ficile to manifestation of disease has not been
established. Symptoms can appear immediate-
ly after beginning antimicrobial therapy, or

they may not develop until several weeks after
it is completed.23 In one study of cancer out-
patients,33 the median interval from hospital
discharge to CDAD diagnosis was 20.3 days
(range 2–60 days)—a considerable delay in
disease onset.

The clinical presentation of C difficile is a
continuum that includes asymptomatic car-
riage, diarrhea, colitis, pseudomembranous
colitis, and fulminant colitis.23

Mild disease
Most often, CDAD presents as mild to moder-
ate nonbloody diarrhea, sometimes accompa-
nied by low abdominal cramping. Systemic
symptoms are typically absent, and physical
examination is remarkable only for mild
abdominal tenderness.

Severe disease
Colitis, in contrast, tends to present with
more severe symptoms, including profuse
watery diarrhea and abdominal pain and dis-
tention. Fever, nausea, and dehydration are
often present. There may be occult blood in
the stool, but hematochezia is rare.
Sigmoidoscopy reveals a characteristic mem-
brane with adherent yellow plaques, usually in
the distal colon, although occasionally it can
be confined to the proximal colon and can be
missed on examination.

Once severe or systemic symptoms
develop, appropriate treatment is crucial
to prevent progression to more severe dis-
ease.

Patients with severe colitis are at
increased risk of developing paralytic ileus and
toxic megacolon.23 These may lead to a para-
doxical decrease in diarrhea. Such severe cases
may also present as fulminant colitis, with an
acute abdomen and systemic symptoms such
as fever and tachycardia, as in our case presen-
tation. Such complications require an imme-
diate surgical consult. Of 11 patients with
toxic megacolon, 7 (64%) needed surgery, and
once patients undergo surgery for complica-
tions of CDAD, the mortality rate rises to
32% to 50%.34

Reinfection or relapse?
Recurrence is one of the most frustrating and
challenging complications of CDAD.

Quinolones
may be more
strongly linked
to CDAD than
other
antibiotics
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REVIEW

Emergence of Clostridium difficile-associated disease in North America and
Europe
E. J. Kuijper1, B. Coignard2 and P. Tüll3 on behalf of the ESCMID Study Group for Clostridium difficile
(ESGCD)*, EU Member States and the European Centre for Disease Prevention and Control (ECDC)†

1Leiden University, Leiden, The Netherlands, 2Institut de Veille Sanitaire, Saint-Maurice, France and
3ECDC, Stockholm, Sweden

A B S T R A C T

The clinical spectrum of Clostridium difficile-associated disease (CDAD) ranges from diarrhoea to severe
life-threatening pseudomembranous colitis. Although not always associated with previous antibiotic
exposure, it is in the majority of cases. CDAD is recognised increasingly in a variety of animal species
and in individuals previously not considered to be predisposed. C. difficile can be transmitted via
personal contact or environmentally. The role of patients and healthcare workers who are symptom-free
but colonised with C. difficile in the intestinal tract is unclear. C. difficile, with more than 150 PCR
ribotypes and 24 toxinotypes, has a pathogenicity locus (PaLoc) with genes encoding enterotoxin A
(tcdA) and cytotoxin B (tcdB). Genes for the binary toxin are located outside the PaLoc, but the role of this
toxin is unclear. The recently completed genome sequence of C. difficile 630 revealed a large proportion
of 11% of mobile genetic elements, mainly in the form of conjugative transposons. Diagnostic assays
include tests for the detection of C. difficile products or genes and culture methods for isolation of a
toxin-producing bacterium. Enzyme immunoassays to detect toxin in faeces are widely available, with
varying sensitivities and specificities. Despite practical drawbacks and sensitivity less than 100%, the
cell cytototoxicity assay is still considered to be the standard. Rapid diagnostic assays are available on a
limited scale and require much improvement. Molecular tests enable the detection of carriers of
toxigenic and non-toxigenic strains, as does culture. It is highly recommended to culture C. difficile from
toxin-positive faeces samples and to store isolates for future characterisation and typing. The financial
impact of CDAD on the healthcare system is substantial (€5–15 000 ⁄ case in England and $1.1 bil-
lion ⁄ year in the USA). Assuming a European Union population of 457 million, the potential cost of
CDAD can be estimated to be €3000 million ⁄ year, and is expected to almost double over the next four
decades. In North America, increasing rates of CDAD have been reported in Canada and the USA since
March 2003, involving a more severe course, higher mortality, increased risk of relapse and more
complications. This increased virulence is presumably associated with higher levels of toxin production
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A. Collignon, Université Paris XI, Paris, France.

†C. McDonald, CDC, Atlanta, Georgia, USA; D. N. Gerding, Hines Veterans Affairs Hospital, Hines; I. Tjallie van der Kooi, Centre
for Infectious Disease Control, National Institute for Public Health and the Environment (RIVM), Bilthoven, The Netherlands; S.
van den Hof, Centre for Infectious Disease Control, National Institute for Public Health and the Environment (RIVM), Bilthoven,
The Netherlands; D. W. Notermans, Centre for Infectious Disease Control, National Institute for Public Health and the
Environment (RIVM), Bilthoven, The Netherlands; A. Pearson, Health Protection Agency, Centre for Infection, London, UK; E.
Nagy, Anaerobe Reference Laboratory of Hungary, Szeged, Hungary; A. Colville, Royal Devon and Exeter Hospital NHS
Foundation Trust, Exeter, UK; M. Wilcox, University of Leeds, Leeds, UK; P. Borriello, HPA, Centre for Infection, London, UK; H.
Pituch, Medical University of Warsaw, Warsaw, Poland; N. Minton, University of Nottingham, UK.

� 2006 Copyright by the European Society of Clinical Microbiology and Infectious Diseases

userr
Textbox
9. Kuijper2006 (truncated)



by fluoroquinolone-resistant strains belonging to PCR ribotype 027, pulsed-field gel electrophoresis
(PFGE) type NAP1, REA (restriction endonuclease analysis) type BI and toxinotype III. In Europe,
outbreaks of CDAD due to the new, highly virulent strain of C. difficile PCR ribotype 027, toxinotype III
have been recognised in 75 hospitals in England, 16 hospitals in The Netherlands, 13 healthcare facilities
in Belgium and nine healthcare facilities in France. These outbreaks are very difficult to control, and
preliminary results from case-control studies indicate a correlation with fluoroquinolones and
cephalosporins. Information concerning community-acquired cases of ribotype 027 is lacking, and data
concerning its incidence in nursing homes are limited. European countries should first develop early-
warning and response capabilities at a national level. Depending on the nature of the notifications
received, countries should implement laboratory-based or patient-based surveillance systems in specific,
targeted populations.

Keywords Clostridium difficile, CDAD, ECDC, emerging, ESGCD, type O27

Clin Microbiol Infect 2006; 12 (Suppl. 6): 2–18

I N T R O D U C T I O N

The European Centre for Disease Prevention and
Control (ECDC) was established in 2005 by the
European Parliament and Council, with a mission
‘to identify, assess and communicate current and
emerging threats to human health from commu-
nicable diseases’. The ECDC works through
networks established among experts within the
member states of the EU. Since 2003, outbreaks of
severe nosocomial diarrhoea, caused by the new
hypervirulent Clostridium difficile PCR ribotype
027 and toxinotype III, have been recognisd in
Canada and the USA. Soon thereafter, three
European member states reported hospital out-
breaks due to an identical C. difficile strain, which
spread rapidly and involved more than 100
hospitals in total. At the initial stage, the strain
did not seem to have spread to other member
states in Europe, but recently a fourth member
state also reported an outbreak. The ECDC sub-
sequently organised meetings with experts in the
field of C. difficile infections, including experts
from the US CDC, in order to achieve a consensus
concerning this new emerging pathogen and to
discuss methods for preparedness in all European
member states. The current review represents a
summary of these findings and proposals to date.

C . D I F F I C I L E - A S S O C I A T E D D I S E A S E ,
A N I N C R E A S I N G H E A L T H C A R E
T H R E A T

Clinical spectrum

C. difficile is an anaerobic bacterium, widely dis-
tributed in soil and in the intestinal tracts of

animals. Its vegetative cells are capable of forming
spores, which confer resistance to heating, drying
and chemical agents, including disinfectants.
C. difficile was identified as the cause of pseudo-
membranous colitis and its milder form, C. diffi-
cile-associated diarrhoea, in the 1970s. The
spectrum of disease ranges from asymptomatic
carriage to a fulminant, relapsing and potentially
fatal colitis [1]. The disease is mediated by the
production of toxins of C. difficile, but there is no
correlation between the severity of the disease
and faecal toxin levels [2]. The rate of fatality
associated with C. difficile-associated disease
(CDAD) ranges from 6% to 30% when pseudo-
membranous colitis is present, and is substantial
even in the absence of colitis [1,3]. C. difficile also
appears to be an important cause of enteric
disease in a variety of animal species, including
horses, dogs, cats, birds, rodents, and especially
neonatal pigs [4], suggesting that animals may
serve as a reservoir for human pathogens.

The typical manifestations of CDAD are abdom-
inal cramps, profuse diarrhoea (mucoid, greenish,
foul-smelling and watery stools), low-grade fever
and leukocytosis [1], which may manifest several
days after antibiotic therapy is initiated, or up to 8–
10 weeks after its discontinuation [5]. Although
colitis can occur throughout the colon, it is usually
more severe in the distal colon and rectum.
However, when patients develop colitis of the
caecum and right side of the colon, they may
experience little or no diarrhoea. The clinical
presentation in this case involves fever, marked
right-sided abdominal pain, marked leukocytosis
and decreased intestinal motility.

Traditionally, CDAD has been considered to be
an antibiotic-associated nosocomial infection, but

Kuijper et al. C. difficile-associated disease 3
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Emergence of Clostridium difficile-associated diarrhoea in Europe.  

Ed J. Kuijper1,  D. Notermans2  and I. Poxton3, also on behalf of the ESCMID Study Group for 
Clostridium difficile (ESGCD)4   

1 National Reference Laboratory for Clostridium difficile, Department of Medical Microbiology of Leiden University 
Medical Centre and 2 Center for Infectious Diseases Control (CIb),RIVM, Bilthoven,  

3 Medical Microbiology, Centre for Infectious Diseases, University of Edinburgh College of Medicine and 
Veterinary Medicine, Edinburgh, UK 

4  Website: http://www.escmid.org/sites/index_f.aspx?par=2.5 
Chairperson: Prof. Ian Poxton (UK), Treasurer: Prof. Dr. Michel Delmee (Belgium), Secretary: Dr. Ed Kuijper (The 
Netherlands). Elected Committee Members: Dr Frédéric Barbut (France), Prof. dr. Emilio Bouza (Spain), Prof. dr. 
Anne Collignon (France), Prof. M. Wilcox (UK), Prof. Dr. Petra Gastmeier (Germany), and  dr. Paola Mastrantonio 
(Italy).  
 

Clostridium difficile is an anaerobic bacterium, widely distributed in soil and in the intestinal 
tracts of animals. Its vegetative cells are capable of forming spores, which confer resistance 
to heating, drying and chemical agents, including disinfectants. C. difficile was identified as 
the cause of  pseudomembranous colitis and its milder form, C. difficile-associated diarrhoea, 
in the 1970s. The spectrum of disease ranges from asymptomatic carriage to a fulminant, 
relapsing and potentially fatal colitis. C. difficile, with more than 150 PCR ribotypes and 24 
toxinotypes, has a pathogenicity locus (PaLoc) with genes encoding enterotoxin A (tcdA) and 
cytotoxin B (tcdB). Genes for the binary toxin are located outside the PaLoc, but the role of 
this toxin is unclear. C. difficile also appears to be an important cause of enteric disease in a 
variety of animal species, including horses, dogs, cats, birds, rodents, and especially 
neonatal pigs, suggesting that animals may serve as a reservoir for human pathogens (1). 

Recent outbreaks of CDAD with increased severity, high relapse rates and significant 
mortality have been related to the emergence of a new, hypervirulent C. difficile strain in 
2003 in Canada and the United States (2–5). The predominant strain is referred to as North 
American pulsed-field type 1 (NAP1), PCR ribotype 027, and group BI by restriction 
endonuclease analysis. Strain NAP1 contains an 18-base pair (bp) and a deletion at 117 of 
the tcdC gene. This strain has been associated with the in-vitro production of toxins A and B 
in quantities 16 and 23 times, respectively, greater than production by control strains. In 
addition, NAP1 also produces a binary toxin, encoded by the cdtA gene (the enzymic 
component) and the cdtB gene (the binding component). The extent to which this toxin 
contributes to the pathogenicity of C. difficile, however, is unknown.  

C. difficile PCR ribotype 027 (and 001) sporulate more frequently than other strains, which 
may contribute to survival and spread (6). The clonality of C. difficile PCR 027 is currently a 
topic of research. PCR ribotype 027 exhibits at least two pulsed field gel electrophoresis 
(PFGE) patterns with 94% similarity: north American PFGE types 1a and 1b (NAP1a and 
NAP1b). As already demonstrated for PCR ribotype 001, other typing techniques (DNA 
fingerprinting, rapid enzymatic assay, arbitrarily primed PCR) may reveal additional 
subgroups. Recent publications also demonstrate that multilocus variable-number tandem-
repeat analysis can differentiate various subtypes and clusters of Type 027 (7,8).  

The Centers for Disease Control and Prevention (CDC) reported the strain to be associated 
with high rates of morbidity and mortality during outbreaks in hospitals in at least 38 US 
states (http://www.cdc.gov/ncidod/dhqp/index.html), December 2007. Soon after the finding 
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of PCR type 027 in north America, reports confirmed the presence of this new emerging 
strain in England, Scotland (one patient), Ireland, Belgium, France, Austria (imported 
patient), Spain (imported patient),  Luxembourg (unpublished), Poland, and the Netherlands 
(9-14). Very recently, PCR type 027 has also been found in Switzerland (submitted), 
Denmark (unpublished), Germany, Finland and Norway (submitted) (15-17). The strain was 
also found in Japan, but surprisingly was susceptible to fluoroquinolones (18). This strain 
revealed more similarities with the historical PCR ribotype 027 isolates than with the currently 
circulating strains.  

Information on the incidence of CDAD in Europe is available from two European surveys 
which were performed by the ESCMID Study Group for C. difficile (ESGCD). The aims of 
ESGCD are to determine the prevalence of nosocomial C. difficile infections in European 
hospitals, to see if it feasible to adopt a standardised PCR ribotyping method, to compare the 
types of C. difficile prevalent in European hospitals, to provide surveillance on the 
antimicrobial susceptibility of European strains of C. difficile, and to draw up European 
guidelines on the prevention, diagnosis, treatment and surveillance of C. difficile infections. 
The first survey involved 212 hospitals in the UK, France, Belgium, Denmark, Germany, Italy 
and Spain in 2002 (19). The incidence was 11 per 10 000 admissions. In contrast, data from 
studies in the USA showed that the incidence among hospitalized patients is much higher, 
ranging from 10 to 200 per 10,000 admissions. In 2005, a second European surveillance 
study was performed in 38 hospitals from 14 different European countries (20). The data 
from 38 hospitals in 14 different countries indicate wide variations in the incidence of CDAD, 
ranging from 0.13 to 7.1 per 10,000 patient-days (mean 2.45 per 10,000 patients days). The 
incidence was higher in countries that experienced recent C. difficile 027 outbreaks i.e. The 
Netherlands, Belgium or France. The prevalence of the 027 epidemic strain was 5.7%.  

In England, a mandatory surveillance programme of CDAD in people aged 65 years and 
over has been included in the healthcare-associated infection surveillance system for acute 
hospital trusts since January 2004. The results of a mandatory surveillance of CDAD in 
individuals over 65 years of age revealed 51 690 CDAD cases in 2005, a 17.2% increase 
over 2004. In contrast to previous years, non-001 types predominated, specifically types 106 
and 027. Type 106 has not been recognized elsewhere, and data on its severity or relapse 
rate are currently unknown. Some 55,681 cases of CDAD were reported in 2006. This 
represents an 8% increase in CDAD cases from 2005 to 2006. The number of death 
certificates in England and Wales that mentioned C. difficile increased from1214 in 2001 to 
3807  in 2004. Between 2004 and 2005  the number of deaths involving C. difficile increased 
by 69% (http://www.statistics.gov.uk/cci/nugget.asp?id=1735). Most of the deaths were in the 
elderly population. Epidemiological data are collected quarterly from each of the 169 acute 
National Health Service (NHS) trusts that treat adult patients and yearly reports are produced 
by the HPA]. Through its network of regional laboratories in collaboration with the Anaerobe 
Reference Laboratory (ARL) in Cardiff, the HPA obtained further isolates of C. difficile from 
symptomatic patients in a structured but random sampling scheme.  It revealed a widespread 
dissemination of type 027 to 89 locations in England (11,21).   
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Antibiotic-Associated Diarrhea and Clostridium difficile

Ronnie Pimental
Anuja Choure

DEFINITION

The first report of antibiotic-associated diarrhea (AAD) was found in the Bulletin of the Johns 
Hopkins Hospital of 1893, where John Finney and Sir William Osler described the case of a 
young woman who died of a severe case of “diphtheric colitis” shortly after gastric surgery.[1] It 
was not until the mid-1900s, with the use of preoperative antibiotics, that AAD became a 
common medical problem.

For years, the cause of the pseudomembranous colitis remained elusive; indeed, the term 
staphylococcal enterocolitis was used, reflecting the belief that the disease was commonly 
caused by staphylococci. In the 1970s, important clinical observations of clindamycin-associated 
pseudomembranous colitis and the demonstration of the potent cytopathic effects of Clostridium 
difficile–derived toxin in animal models established the cause and pathogenesis of this 
condition.[2]

Today, the term antibiotic-associated diarrhea refers to a benign, self-limited diarrhea following 
the use of antimicrobials. Typically, no pathogens are identified and the diarrhea is caused by 
changes in the composition and function of the intestinal flora. Most patients respond to 
supportive measures and discontinuation of antibiotics. On the other hand, C. difficile diarrhea 
refers to a wide spectrum of diarrheal illnesses caused by the potent toxins produced by this 
organism, including cases of severe colitis with or without the presence of pseudomembranes.
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http://www.curas.com/Latest/C-difficile

C difficile
“C difficile is a gram-positive, spore-forming anaerobic bacillus that was first linked to disease in 1978, when it was 
identified as the causative agent of seudomembranous colitis. It has been associated with gastrointestinal infections 
ranging in severity from asymptomatic colonization to severe diarrhea, pseudomembranous colitis, toxic megacolon, 
intestinal perforation, and death.” 

The above transcript stems from a growing range of publications which discuss the need for hospitals and nursing homes 
to reduce the risk of C DIFF, through selective steps which are mostly supported by Curas product, e.g. disposable bed 
pan & urine bottles, aprons, disposable gloves and hand wash & disinfection, just to mention a few but critical products 
in the ever intensifying battle against the spread of C DIFF in high density, modern healthcare facilities. 
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a common clinical problem. Evidence supporting various
strategies is then presented, followed by a review of formal
guidelines, when they exist. The article ends with the author’s
clinical recommendations.

 

The New England Journal  of  Medicine

 

334

 

·

 

N Engl J Med, Vol. 346, No. 5

 

·

 

January 31, 2002

 

·

 

www.nejm.org

 

A

 

NTIBIOTIC

 

-A

 

SSOCIATED

 

 D

 

IARRHEA

 

J

 

OHN

 

 G. B

 

ARTLETT

 

, M.D.

 

From the Department of Medicine, Johns Hopkins School of Medicine,
Baltimore. Address reprint requests to Dr. Bartlett at the Department of
Medicine, Johns Hopkins University School of Medicine, 1830 E. Monu-
ment St., Rm. 439, Baltimore, MD 21287-0003, or at jb@jhmi.edu.

 

A 53-year-old woman reports severe watery
diarrhea with cramps. She is in her 7th day of
a 10-day course of cefixime, prescribed for
bronchitis. How should she be evaluated and
treated?

 

THE CLINICAL PROBLEM

 

Antibiotic-associated diarrhea is defined as other-
wise unexplained diarrhea that occurs in association
with the administration of antibiotics. The frequency
of this complication varies among antibacterial agents.
Diarrhea occurs in approximately 5 to 10 percent of
patients who are treated with ampicillin, 10 to 25
percent of those who are treated with amoxicillin–
clavulanate, 15 to 20 percent of those who receive
cefixime, and 2 to 5 percent of those who are treated
with other cephalosporins, fluoroquinolones, azithro-
mycin, clarithromycin, erythromycin, and tetracy-
cline.

 

1,2

 

 The rates of diarrhea associated with parenter-
ally administered antibiotics, especially those with
enterohepatic circulation, are similar to rates associ-
ated with orally administered agents.

 

3

 

The spectrum of findings in antibiotic-associated di-
arrhea ranges from colitis, which is a potential source
of serious progressive disease, to “nuisance diarrhea,”
which is defined as frequent loose and watery stools
with no other complications. The clinical manifesta-
tions of antibiotic-associated colitis include abdom-
inal cramping, fever, leukocytosis, fecal leukocytes,
hypoalbuminemia, colonic thickening on computed
tomography (CT), and characteristic changes appar-
ent on endoscopic inspection or biopsy. Although
infection with 

 

Clostridium difficile

 

 accounts for only
10 to 20 percent of the cases of antibiotic-associated
diarrhea, it accounts for the majority of cases of coli-
tis associated with antibiotic therapy.

 

4-6

 

STRATEGIES AND EVIDENCE

 

The usual challenge to physicians is to identify cas-
es of antibiotic-associated diarrhea that are due to

 

C. difficile

 

 infection, since this is the most common
identifiable and treatable pathogen. Clindamycin,
cephalosporins, and penicillins are the antibiotics most
frequently associated with 

 

C. difficile

 

 diarrhea, al-
though they also cause diarrhea that is unrelated to
superinfection with this organism.

 

1

 

 Clinical features
that can be used to distinguish between diarrhea as-
sociated with 

 

C. difficile

 

 infection and antibiotic-
associated diarrhea that is due to other mechanisms
are summarized in Table 1.

 

Mechanisms Other Than 

 

C. difficile

 

 Infection

 

Multiple laboratories report that only 10 to 20
percent of stool specimens submitted for testing for

 

C. difficile

 

 toxin are positive.

 

1,3-6

 

 Antibiotic-associated
diarrhea may also be caused by other enteric patho-
gens, by the direct effects of antimicrobial agents on
the intestinal mucosa, and by the metabolic conse-
quences of reduced concentrations of fecal flora.

Other enteric pathogens that can cause diarrhea
include salmonella, 

 

C. perfringens

 

 type A, 

 

Staphylo-
coccus aureus

 

, and possibly 

 

Candida albicans

 

. 

 

C. per-
fringens

 

 type A produces an enterotoxin known to
cause food poisoning; more recently, a different gen-
otype has been implicated in antibiotic-associated
diarrhea.

 

7

 

 Infection with either subtype causes a self-
limited diarrhea that generally resolves within 24
hours. There is no specific treatment, and few labo-
ratories offer the diagnostic tests necessary to iden-
tify this pathogen.

 

Staph. aureus

 

 was implicated as the chief cause of
antibiotic-associated pseudomembranous enteroco-
litis in the 1950s.

 

8

 

 It is unclear whether this finding
represented misdiagnosis of 

 

C. difficile

 

 infection or

 

Staph. aureus

 

 caused a different disease — an entero-
colitis instead of colitis. The distinction is important
because metronidazole is effective for 

 

C. difficile

 

 in-
fection but not for 

 

Staph. aureus

 

 infection. The find-
ing of candida species in the stool at a concentration
of more than 100,000 organisms per gram and in
some patients whose condition has improved after
nystatin therapy has suggested that candida species
may cause antibiotic-associated diarrhea; however,
many authorities question the validity of the evi-
dence.

 

9

 

 Multidrug-resistant 

 

Salmonella newport

 

 from
contaminated beef was implicated in an outbreak of
diarrhea among patients who had taken ampicillin.

 

10

 

Fluoroquinolone-resistant enteric disease caused by

The New England Journal of Medicine 
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Introduction

Diarrhoea is one of the most frequent side effects of anti-
biotic treatment. The symptoms may vary from slight
abdominal discomfort to severe diarrhoea and colitis. The
aetiology of antibiotic-associated diarrhoea (AAD) varies.
The disruption of the normal enteric flora caused by anti-
biotics may lead to overgrowth of pathogens and functional
disturbances of the intestinal carbohydrate and bile acid
metabolism, resulting in osmotic diarrhoea.1 Allergic, toxic
and pharmacological effects of antibiotics may also affect
the intestinal mucosa and motility.1 Cytotoxin-producing
Clostridium difficile is held to be the causative agent of
approximately 20% of AAD and of nearly all cases of 

pseudomembranous colitis, the most severe manifestation
of AAD.2–4

In hospitals, C. difficile is an increasing problem, espe-
cially among elderly patients with serious underlying 
diseases.2,4 Other infectious agents with less convincing
correlations with AAD include Clostridium perfringens,
Staphylococcus aureus, Salmonella spp. and Candida spp.1,3

In hospitalized patients, AAD has been associated with
increases in mortality, length of stay and cost of medical
care.4–7

Virtually all antibiotics have been implicated in
AAD.3,8–10 The antimicrobial spectrum of an antibiotic
(particularly the activity against anaerobic bacteria) and the
faecal concentration of antibiotic are probably important

43

Frequency of antibiotic-associated diarrhoea in 2462 antibiotic-treated
hospitalized patients: a prospective study

Johan Wiströma*, S. Ragnar Norrbyb, Erling B. Myhreb, Sverker Erikssonc, Gunnar Granströmd,

Lillemor Lagergrene, Gunnar Englunde, Carl Erik Nord f and Bo Svenungsson f

aDepartment of Infectious Diseases, University Hospital of Umeå; bDepartment of Infectious Diseases,
University Hospital of Lund; cDepartment of Infectious Diseases, Norrköping Hospital; dDepartment of

Infectious Diseases, Danderyd Hospital; eAstra Läkemedel AB; fDepartment of Microbiology and Infectious
Diseases, Karolinska Institute, Huddinge University Hospital, Sweden

The frequency of antibiotic-associated diarrhoea (AAD) and Clostridium difficile-associated
diarrhoea (CdAD) was prospectively determined in a population of 2462 patients recruited from
five Swedish hospitals, including divisions for infectious diseases, orthopaedics, surgery, geri-
atrics, nephrology and internal medicine. AAD developed in 4.9% of the treated patients. Faecal
samples were obtained from 69% of patients with AAD and 55.4% were positive for C. difficile
cytotoxin B. The frequency of AAD varied from 1.8 to 6.9% at the participating centres 
(P < 0.001). The frequency of AAD also varied considerably between medical disciplines and
wards within different hospitals and was highest in the nephrology and geriatric units (6.7 and
7.1%, respectively). There was no difference in frequency of AAD when analysed with respect
to gender or age. Medical interventions (laxative treatment, endoscopy and abdominal surgery)
or presence of one concomitant disease (diabetes, malignancy, chronic renal disease and inflam-
matory bowel disease) did not significantly affect the frequency of AAD, whereas patients suffer-
ing from two or more of these illnesses had significantly (P � 0.001) higher frequencies of AAD.
Patients treated with antibiotics for 3 days had a significantly (P � 0.009) lower frequency of
AAD than those treated for longer periods. Treatment with cephalosporins, clindamycin or
broad-spectrum penicillins was associated with an increased risk of AAD. With specimens
from one centre, 62.5% of tested patients with AAD and 33.8% of asymptomatic patients were
positive for cytotoxin B. Although C. difficile cytotoxin B in stool samples was significantly
associated with AAD (P � 0.003), the causal relationship with diarrhoea is not always evident.

<
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