Clostridium difficile: An emerging food safety risk
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Traditionally associated with healthcare environments, C. difficile has been increasingly
isolated from packaged foods and food animals, raising concerns about foodborne and
zoonotic transmission to humans.

O

nce a relatively obscure organism to the
general public, Clostridium difficile has
gained recognition as a highly virulent
intestinal microorganism capable of causing
protracted hospital-associated diarrheal illnesses, usually in situations when antibiotics
are administered (Taubes, 2008). Contributing
factors to this greater awareness are a corresponding increase in the incidence of C.
difficile infections (CDI), heightened severity
of disease symptoms with higher reoccurrence
rates, and an increase in antimicrobial resistance in the Unites States (Wiegand et al.,
2012). The increase in CDI cases has spurred
increased concern regarding the growing segment of community-associated infections
distinct from infections acquired in healthcare
settings (Limbago et al., 2009). Further, molecular studies in various regions indicate that
contaminated foods might serve as a contributing vector for an increasing number of CDIs.
Understanding the Bacterium

Like Clostridium botulinum, C. difficile is known as
a mesophilic, spore-forming bacterium requiring anaerobic conditions for growth, although
tolerance and growth have been noted under
hypoxic conditions across various strains.
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Unlike C. botulinum, C. difficile does not produce paralytic neurotoxins nor does it replicate
opportunistically in moist, low-acid foods
(Cato et al., 1986). The predominant reservoir of C. difficile is the gastrointestinal tract of
humans and warm-blooded animals. C. difficile
was first named Bacillus difficilis due to its difficulty in isolation. In the gut, it is a relatively
slow-growing bacterium when compared to
other intestinal bacteria (Cato et al., 1986).
Reported growth temperature ranges
from 25–45°C with optima between 30 and
37°C; however, some strains grow faster at
higher temperatures. Similar to other pathogenic spore formers, C. difficile is relatively
unaffected by exposure to cooking temperatures ≤72oC (Rodriguez-Palacios et al., 2010).
Spores are inactivated by 5–6 log10 at 85oC for
15 min, but higher temperatures are needed
to ensure spore elimination (RodriguezPalacios et al., 2011). Phenotypically, C.
difficile closely resembles C. sporogenes; however, C. difficile cannot digest meat or milk and
does not produce lipases (Cato et al., 1986).
Understanding the Disease

First isolated from the stools of healthy newborns in 1935, the pathogenic potential of

Incubation of C. difficile samples inside Whitley anaerobic workstation.

C. difficile went unnoticed until the mid1970s. Once the association of C. difficile
to pseudomembranous colitis (PMC) was
established, the epidemiology of C. difficile infections was studied in detail.
Elderly and immune-compromised individuals stand the highest risk for CDI and
PMC. The severity of PMC is highly variable.
The disease gets its name from characteristic patchy lesions that appear on the lining of
the large intestine. Toxins produced by C. difficile kill the tissues lining the bowel. PMC
often progresses to life-threatening conditions, including toxic megacolon and bowel
perforation. Toxic megacolon involves rapid
widening of the colon that can also occur as
a result of ulcerative colitis and Crohn’s disease. Most toxic megacolons require immediate
surgery and removal. Less frequently, C. difficile reaches other parts of the body causing
abscesses or local and generalized infections.
CDI do not always manifest as PMC. The
most common symptoms are watery, foulsmelling stools with an odor similar to horse
manure (due to p-cresol production by C. difficile) and abdominal pain and fever that
may continue for weeks (Bartlett, 2008).
Recurrence of CDI occurs in up to 36% of
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cases; this percentage has increased in recent
years in the U.S. It is estimated that C. difficile is responsible for at least one-quarter
of all antibiotic-associated diarrheas, half
of antibiotic-associated colitis, and virtually
all cases of PMC. Only Campylobacter jejuni is
thought to cause more cases of bacterial diarrhea; however, numbers of CDI are on the
rise. In 2005, there were nearly 300,000 hospitalizations for CDI in the U.S. per annum,
an increase of almost 160,000 since 2000.
Current estimates are around 500,000.
Infection control measures have helped, but
with exceptions, the rising trend remains.
Because its association with the administration of antibiotics was recognized early
on in studies involving C. difficile infections,
one of the original references to PMC was as
“clindamycin colitis” (Tedesco et al., 1974).
However, virtually any antibiotic can disturb
the intestinal biota and predispose CDI. CDI
seldom occur without prior antibiotic therapy.
Metronidazole and vancomycin are first-choice
anti-C. difficile antibiotics used to treat infections, but CDI at times occur following therapy
with those antibiotics. It appears that a number of intestinal flora imbalances in susceptible
individuals can lead to CDI, not just antibiotic
09.12 • www.ift.org
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The number of publications on C. difficile in hospitals and the community doubled after 2006 reflecting
disease severity in humans, and the identification of C. difficile in foods. The search algorithm/engine
used is indicated in parenthesis.
*Data are partial year through August 9, 2012.

therapy. Nasogastric tube insertion, enteral feeding, enema administration, surgery, inflammatory
bowel diseases, cancer, HIV, chemotherapy, and
antacids can increase the risk of CDI. Alarmingly,
CDI have also worsened the prognosis and outcome of patients suffering inflammatory bowel
diseases (Navaneethan et al., 2012). Overall, the
incidence and severity of CDI in various countries
have made C. difficile a global public health challenge;
often surpassing the importance of methicillinresistant Staphylococcus aureus (Lessa et al. 2012).
Mechanism of Disease

The two primary agents of CDI are toxins A and B
(Kuehne et al., 2010). These are among the largest
polypeptide toxins known (250–300 kilodaltons).
Toxin A is a potent enterotoxin with slight cytotoxic activity while toxin B is an extremely potent
cytotoxin. Both cause damage to the gut lining by
disrupting the cell cytoskeleton causing cell rounding, impaired function, and death. Some C. difficile
also produce a third, unrelated toxin, called the
binary toxin or C. difficile transferase (CDT). CDT
modifies G-actin by ADP-ribosylation to inhibit actin
polymerization (Schwan et al., 2009). Although associated with recent epidemic strains, CDT appears
significantly less of a contributing disease-causing factor than toxins A and B. CDT may facilitate
colonization by inducing the formation of cell protrusions, but its contribution to disease remains unclear.
It is estimated that 3–5% of healthy adults are
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asymptomatic carriers of toxigenic C. difficile. This
number increases to 20% in hospitalized adults, but
60–70% of infants less than one year of age harbor the pathogen intestinally. Most infants can have
toxigenic C. difficile and detectable toxins A and B
in their stools, yet be completely asymptomatic.
Although the reasons for such silent colonization in
infants are not well understood, they seem to confer protection as children grow older (Jangi and
Lamont, 2010). In adults, colonization with nontoxigenic C. difficile seems to protect against CDI.
Since the early 2000s, several C. difficile
strains associated with outbreaks of severe CDI
appear to be more virulent, resistant to more antibiotics, and capable of producing much more
toxins (Warny et al., 2005). Such strains of C. difficile were found in food animals and retail foods
(Rodriguez-Palacios et al., 2006; 2007; 2009), raising earlier questions of foodborne and zoonotic
CDI transmission (Gould and Limbago, 2010).
Probiotic Treatments

Ironically, the best treatment for CDI involves
the administration of antimicrobials (e.g., metronidazole, vancomycin) which cannot replace
lost gut biota. Further, C. difficile is gaining resistance against metronidazole and vancomycin
(Pelaez et al., 2008). Consequently, therapeutic microbiology (e.g., probiotic use as supplements
or suppositories) has gained popularity. Typical
probiotic organisms studied include specific
strains of lactobacilli and bifidobacteria, and the
yeasts Saccharomyces boulardii and S. cerevisiae.
For CDI, the primary goals of probiotic use are to
prevent infection and repopulate lost gut biota with
beneficial organisms to reduce the risk of recurrent
infections. There is a wide range of responses in clinical trials involving probiotics. Results are affected
by different conditions of application, patient populations, probiotic strains, and lengths of study. A
review of randomized studies during 1967–2007
showed only two reported beneficial effects (Pillai
and Nelson, 2008). Clearly, the most effective strains
and treatment parameters are under development.
In addition to the use of lactic acid bacteria,
the use of non-toxigenic (and thus non-pathogenic)
strains of C. difficile has been long proposed as a reasonable probiotic strategy (Wilson and Sheagren,
1983). Their presence and growth in the intestinal tract may protect against toxigenic strains and
CDI. Non-toxigenic strains of C. difficile appear to be
widely present in natural environments and animals.
The protective role of naturally present non-toxigenic strains, also found in foods, is uncertain.
A more unconventional principle of improving
the intestinal ecology of humans suffering protracted

CDI has been borrowed from veterinary medicine, there called
ruminal transfaunation. In humans, the comparable approach
is fecal transplantation (also called human probiotic infusion
or fecal bacteriotherapy), which has been applied to some individuals as a last resort to treat severe CDI and inflammatory
bowel diseases. Treated patients receive either a series of fecal
transplants composed of biota from healthy close relatives via
nasogastric intubations or enemas. Results have been promising.
Animal Reservoirs and Zoonotic Potential

In textbooks, CDI is still described as a disease acquired via
exposure to environments contaminated with C. difficile, namely
healthcare settings. However, there is increasing evidence to
suggest that environments outside hospitals, and particularly
animals and foods, are an unrecognized source for exposure
to C. difficile; i.e., no official comprehensive preventive measures are publicly available to reduce such risk. Established
habitats for C. difficile are the human bowel and genital tract,
marine sediments and salt water, soil, sand, fresh water, and
hospital environments. C. difficile has also been isolated from
rivers and estuaries, soils, and root vegetables since the 1980s
(Borriello et al., 1983; Janezic et al., 2012). Additionally, C.
difficile has been found in camels, horses, donkeys, dogs, cats,
birds, food animals such as swine, chickens, and cattle, and
wildlife species (French et al., 2010; Thakur et al., 2011).
Since 2005, there is increasing molecular evidence that isolates
from animals and humans are likely to be shared, indicating the risk for zoonotic transmission (Arroyo et al., 2005).
About 7% of healthy horses carry C. difficile (MedinaTorres et al., 2011), and since horse manure can contain viable
spores of C. difficile for years, use of horse manure as a traditional organic fertilizer can be considered a zoonotic concern.
In most food animals (poultry, cattle, and pigs), young animals appear to be more frequently colonized by C. difficile
than older animals. For example, over 60% of poultry early
in production carried C. difficile, but by the time of slaughter rates dropped between 6 and 12% (Zidaric et al., 2008).
Occurrence in Foods

Bacterial endospores can persist for years even under extreme
environments (Baverud, 2003), and as expected, a range of different foods carry spores of C. difficile (Gould and Limbago,
2010). The first food products examined and found incidentally positive for C. difficile were spoiled gas-blown packages
of raw ground beef and pork (Broda et al., 1996). The spoilage population was described as psychrotrophic clostridia;
further testing isolated C. difficile that proved negative for gas
production. Since 2006, epidemic toxigenic strains of C. difficile responsible for disease in humans have been found in
various retail meats. The occurrence of C. difficile ranged
widely from 0–42% in various categories of packaged meats.
In a sampling study at the retail store level, 6% of establishments across three provinces of Canada had at least one
product with C. difficile (Rodriguez-Palacios et al., 2009). In
Europe, the highest rate of contamination was reported this
year in edible mollusks in Italy, 49% (Pasquale et al., 2012). »»
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More recently, poultry have also been shown
to carry toxigenic strains (Weese et al., 2010;
Harvey et al., 2011). The frequency of C. difficile
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contamination oscillates between 3 and 18% with
variability across different parts of the chicken.
A newly emerging toxigenic strain for CDI (PCR
ribotype 078) appears to predominate in various
foods in the U.S. and Canada. Additionally, C. difficile is also isolatable from vegetables, seafood, and
fish in North America (Metcalf et al., 2010; 2011).
From the studies that have been published in the
past 10 years, it is discomforting to observe that
hyper-virulent strains of C. difficile (e.g., PCR ribotypes 027 and 078; Ackerlund et al., 2008) are the
most common strains isolated from foods. The reasons for this predominance are unknown, although
differential heat resistance favoring predominant
strains can contribute (Rodriguez-Palacios, 2011).
Recent genome-wide molecular studies testing pork
products in the U.S. indicate that C. difficile contamination can occur before or during meat processing
(Curry et al., 2012). Although C. difficile isolation
protocols vary, a summary of reports on C. difficile
and foods (see Table) indicates that contamination
seems higher in North America (U.S./Canada) than
in Europe. Standardized protocols are needed for
risk assessment across regions and food products.

Table. Summary of studies of C. difficile in foods (as of August 9, 2012)

Reports (n=)

Samples total (n=)

Reported
prevalence of food
contamination (%)

C. difficile
isolates with
(toxins) potential
to cause CDI

North America

7

515

0, 6.8, 6.1a, 8,
12.2, 20, 42.4

Yes, 75-100%

Europe

5

497

0, 0, 1.9, 2.4, 3c

Yes, 33.3-100%

North America

6

872

1.8a, 4.8, 9.5a,
12.2, 38, 41.3

Yes, 85.7-100%

Europe

4

195

0, 0, 0, 0

No

North America

4

276

0, 12.5, 12.8, 44.4b

Yes, 100%

Europe

2

263

0b, 2.7a

Yes, 57.1%

North America

1

119

4.8

Yes, 80%

Europe

3

166

0, 49, 66.6b

Yes, 50-58%

North America

2

226

4.5, 2.6d

Yes, 66-100%

Europe

2

340

2.4 a, 7.5

Yes, 71.4-100%

Food products

Retail beef/veal

Retail pork

Retail poultry
Seafood/fish
Vegetables
Raw milk

Region

Europe

Total/ranges
a

50

0

No

3,519

0-66.6%

Yes, 33.3-100%

studies with more than 200 samples (bold font)

b
c

1
37

studies with less than 10 samples

product that also contained pork (not double counted)

d

Rodriguez-Palacios, A., LeJeune et al. unpublished data, 2007

With the exception of one study conducted in 1996 (al Saif and Brazier; PMID: 8683549, underscored percentages) all data in table correspond to studies
reported after 2006

Disinfection

Because C. difficile spores could be transferred to
susceptible hosts or food-handling surfaces via contaminated hands, there are efforts to enhance the
removal or elimination of spores from human
skin. Thus far, hand-washing is the most effective means to eliminate (i.e., rinse away) C.
difficile from hands, which is especially important for individuals in healthcare centers.
Bleach (1:10 diluted solutions of 5.3–6.2%
sodium hypochlorite) is commonly used for routine environmental disinfection and along with
glutaraldehyde (for specialized use) are highly effective contact disinfectants. Effectiveness is related to
humidity and exposure time. Guidelines to combat
C. difficile have been prepared and constantly updated
by professional organizations such as the Society for
Hospital Epidemiologists of America, the Infectious
Diseases Society of America, and the Association for
Professionals in Infection Control and Epidemiology.

it was the purpose of this article to raise awareness
to the possibility that such an event or events could
occur. Relevant questions to be answered relate to
aspects of the infective dose of C. difficile in humans,
factors that favor the presence of C. difficile in foods,
and the promising role of therapeutic microbiology.
As we know, bacteria have a track record for
mutating and adapting and consequently emerging as a serious threat to human health. In our food
supply, C. difficile appears to be another organism on which we need to keep close tabs. FT
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