
We are all aware of the negative effects of unnecessary antibi-
otics. Antibiotic resistance is a current crisis in healthcare. MRSA
and VRE are terms that were
simply unheard of 20 years ago.
Now they are part of our daily
clinical life. Beyond antibiotic
resistance, use of antibiotics may
lead to Clostridium difficile. The
diarrhea and associated dehy-
dration caused by C. difficile
can be more deadly than the
original infection. Further, we
have learned that C. difficile can
be transmitted, often by health-
care workers. 

—The Editor

Introduction
A 24-month-old boy comes into the emergency department

(ED) with watery diarrhea and decreased oral intake for 3 days. He
attends preschool, has been around other sick children and recently

had an ear infection which was treated. Is this another case of viral
infection, or should you be concerned about another cause?

Epidemiology
Clostridium difficile causes

10-30% of antibiotic-associated
diarrhea and is the most com-
mon cause of nosocomial diar-
rhea.1 This spore-forming,
gram-positive anaerobe also
causes pseudomembranous
colitis.

Classically associated with
clindamycin, epidemic out-
breaks recently have been
reported in the United States,
Canada, and Europe, causing

more morbidity and mortality than in the past.2 There have been
C. difficile epidemic strains resistant to clindamycin causing hos-
pital outbreaks.3 Current strains now are resistant to fluoro-
quinolones, such as gatifloxacin and moxifloxacin, as reported in
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a six-state study, causing outbreaks from 2000-2003.4 The epi-
demic Quebec strain of C. difficile showed resistance to fluoro-
quinolones in 52% of the cases, alone or in combination with
other antibiotics. Higher rates of severe outcomes in this epidem-
ic also were reported with complications of toxic megacolon,
shock, colectomy, and death.5

Extra health-care costs can amount to more than $3600 per
case of Clostridium difficile-associated disease (CDAD), and in
the United States, more than $1 billion per year.6

Studies from Quebec in the past four years have reported epi-
demics causing increased frequency and severity of CDAD. A
retrospective review over a 13-year span reported increased inci-
dence, 102 cases per 100,000 in 1991 to 866 cases per 100,000 in
2003, especially in patients older than 65 years and who had
been exposed to fluoroquinolones. These severe cases also had
higher mortality, 13.8%.7

Another report of an epidemic Quebec strain in 2002 docu-
mented that nosocomial cases were 5 times greater than in the
past, with increased morbidity (2.3 times more likely to have
severe outcomes such as intensive care unit (ICU) admission,
colectomy, or death) and mortality up 400% since 1997, causing

deaths in nearly 6% of CDAD cases.8 Healthcare-associated
CDAD also has increased by 26% and in severity in 2000-2001.4

The usual risk factors no longer necessarily apply. Communi-
ty-acquired CDAD, diarrhea with evidence of C. difficile by
toxin, stool culture, or histopathology, with no history of a
severe, chronic underlying illness or hospitalization in the past 3
months, also has increased in the past decade. Coincidentally,
over that same time period, antibiotic prescriptions decreased and
proton pump inhibitor use increased. In 2005, the CDC reported
cases of severe CDAD in otherwise previously healthy patients
(children and peripartum women), some of whom had little or no
risk, e.g., no antibiotic exposure or just one prophylactic antibiot-
ic dose in the prior 3 months. Some common features of these
cases were young age, exposure to close contacts, lack of antibi-
otic exposure, bloody diarrhea, and a high recurrence rate of
39%.9 (See Table 1.)

In a prospective study, a majority of community-acquired
CDAD patients, 86.8%, were hospitalized in the previous 12
months.10

Not as many pediatric studies have been done as in the adult
population. Almost 7% of inpatient children tested positive for C.
difficile, but they either had mild antibiotic-associated diarrhea or
were infants with high colonization.11

Etiology
C. difficile is commonly associated with antibiotic use. In 90-

96% of the cases, patients had exposure to antibiotics, at times
after one single prophylactic dose. Chances were higher if they
were exposed to 3 or more antibiotics.12 The most common
antibiotic classes implicated were cephalosporins (~75-84%),
macrolides, clindamycin, and quinolones.10,13,14 Even metronida-
zole and vancomycin can contribute to antibiotic-associated
colitis, but not as often.13 A study comparing oral to intravenous
preoperative antibiotics prior to colorectal surgery showed that
CDAD rates were higher in the patients who received oral
antibiotics.15

In several studies, proton pump inhibitors (PPIs) as well as
prolonged PPI exposure (> 6 months) were significant risk fac-
tors even if patients had not been hospitalized in the previous
year.12,17 PPIs decrease the gastric acid, which is otherwise pro-
tective against gastrointestinal (GI) illnesses, such as Salmonel-
la, and suppresses upper GI bacterial overgrowth.19 Lowering
the gastric acidity helps C. difficile and its toxin survive.20 H2
blockers, though, were not found to be a significant risk for C.
difficile, as they are not as potent a gastric acid suppressant as
PPIs.17

Patients who have comorbidities or severe illness are at risk.16

Those having history of renal failure, malignancy, inflammatory
bowel disease or MRSA culture positive have a greater chance of
developing CDAD.11,17 Patients immunosuppressed with HIV or
transplants cannot mount appropriate immune responses to C.
difficile.13,21,22

With exposure to frequent antibiotics and the hospital envi-
ronment, several factors put patients at risk for hospital-acquired
C. difficile. These patients were more likely to be hospitalized in
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the prior 3 months.12 Sharing a hospital room with a patient who
is culture positive puts the roommate at higher risk even if
asymptomatic. In fact, sharing a room with an asymptomatic
roommate poses a higher risk than sharing with a symptomatic
roommate (61% vs 39%). Hospitalized patients acquire C. diffi-
cile 6 times faster with roommate exposure than without.18

In the hospital setting, other risks were found, including enter-
al tube feedings and ICU admission (in > 500-bed hospitals).23

ICU patients may have more severe underlying conditions,
extended length of stay, medical devices, or admission during the
winter months when there is a higher patient census and more
antibiotics are used for respiratory infections. At smaller hospi-
tals without ICUs, hospitalizations on the medicine services
posed more risk with exposure to antibiotics and patients at risk
for CDAD on those wards.24

Heathcare workers may actually help to spread the disease. A
source of contamination is on the hands of hospital personnel.
Fifty-nine percent of workers tested positive for C. difficile from
hand cultures after coming into contact with C. difficile culture-
positive patients, even if they were asymptomatic. Hand cultures,
from personnel such as physical therapists, nurses, medical stu-
dents, and physicians, tested positive from underneath finger-
nails, the palms, fingertips, and even under rings.18

C. difficile can transmit from patient to patient via contami-
nated instruments like stethoscopes and thermometers. It also
persists on hospital environment surfaces after contamination
when the room was occupied by symptomatic patients or asymp-
tomatic carriers. Surfaces even tested positive in 8% of cultures
taken where no C. difficile culture-positive patient had occupied
the space for more than 48 hours.18

In children diagnosed with CDAD, common factors were hos-
pitalization or antibiotics (70% of cases) in the previous 2
months, as antibiotics often are used for otitis media. Similar to
adults, immunosuppressed children were more at risk: those
receiving chemotherapy, solid organ transplant, frequent antibiot-
ic use, or immunodeficiency, inhibiting response to infection.25

Pathophysiology
The C. difficile spores are found widely in the environment,

including bathrooms, hospital wards, and nurseries. Exposure to
antibiotics suppresses the gut’s normal flora, mostly Bacteroides
(> 90%), allowing pathogenic C. difficile to multiply and pro-
duce toxins. Not all strains of C. difficile produce toxins or are
pathogenic.26 After ingestion, the spores germinate in the small
bowel and colonize the lower GI tract.27 Toxin B damages the
colonic mucosa, causing necrosis, shedding and cell injury. It

also forms pseudomembranes, while toxin A causes the watery
diarrhea.26,28 The epidemic C. difficile strain produces 16 times
more toxin A and 23 times more toxin B and at a faster rate than
controls.2,4

Infection, then, also depends upon a person’s immune
response and ability to develop antibodies to the toxins. People
producing antibody to toxin A are better protected than those
with low antibody titers, who are more susceptible to prolonged
or relapsing CDAD infection.26,29 Asymptomatic carriers of C.
difficile constantly shed toxigenic organisms, contaminating the
environment. Three to five percent of the general adult popula-
tion and up to two-thirds of hospitalized patients are colo-
nized.18,26,28 The majority of infants become colonized and devel-
op antibodies to the toxins in the first 6-12 months.26 In children,
3.5% are asymptomatic carriers.30

Clinical Features
While the clinical features of CDAD are straightforward,

they also are somewhat non-specific. A low-grade fever (28%)
can accompany lower abdominal pain or cramps (22%) and
watery or soft diarrhea with possible mucus up to 20 times per
day.27,31 Patients also may experience malaise, nausea, or vomit-
ing.11 Leukocytosis occurs in 50% of the cases.27 Symptoms
usually begin after 5-10 days of antibiotics, but can range from
one day to 10 weeks after the antibiotic course.32 Severe cases of
CDAD may present without diarrhea as with toxic megacolon,
having ascites and low albumin.33 In 2005, the MMWR reported
previously healthy pregnant women presenting with prolonged
diarrhea that progressed to severe colitis, shock, and eventually
death despite appropriate treatment.9 CDAD can manifest out-
side of the colon, usually in patients with comorbid illness, pre-
senting with fever and local pain, without diarrhea. Such cases
include bacteremia, intra-abdominal abscess (e.g., colon), or
extra-abdominal abscess (e.g., foot infection, brain abscess).34

Risk factors and clues that might alert physicians to complicated
CDAD are age greater than 65 years, history of recent hospital-
ization or surgery in the preceding 2 months, tube feedings in
the past 2 months, immunosuppression, leukocytosis, and ele-
vated creatinine.

Children also can have bloody stools.25 In the MMWR in
2005, more severe cases requiring hospitalization also were
reported in children who had exposure to a sick contact with a
self-resolving febrile diarrheal illness, but no exposure to
antibiotics and up to 14 stools per day. Consider CDAD in a
child with prolonged and intractable diarrhea. Pediatric
CDAD has lower mortality than in adults, but can recur in
31% of cases.25

Nosocomial CDAD has been defined as: diarrhea, 5 or more
bowel movements in 36 hours, as well as antibiotics in the previ-
ous 8 weeks; the detection of C. difficile toxin; and a response to
therapy.13 Late-onset CDAD, is defined as occurring 2 weeks
after exposure. Hospitalized children with CDAD have severe
diarrhea for at least 2 days, most often accompanied by abdomi-
nal pain as well as nausea, vomiting, decreased appetite, abdomi-
nal distention, cramping, urgency, or tenesmus.11 Interestingly,
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Table 1. Community-Acquired CDAD Features

• Young age
• Exposure to close contacts
• Lack of antibiotic exposure
• Bloody diarrhea
• High recurrence rate



the stool frequency is less for nosocomial CDAD or hospitalized
patients than for community-acquired CDAD.

Diagnosis 
Consider testing patients for C. difficile especially if they have

any risk factors mentioned, exposure to antibiotics, hospitaliza-
tion, etc. In the pediatric population, while other infectious or
drug-induced causes are more common than C. difficile, if there
is a high suspicion, test children older than 1 year who have had
severe diarrhea for at least 2 days, especially if accompanied by
any abdominal symptoms.11

The C. difficile cytotoxin assay tests for toxin B, having sensi-
tivity of 67-100% and specificity of 85-100%, with results in 48-
72 hours.35 False negatives have been found in 17-55% of cases,
even in cases of pseudomembranous colitis.10,36 Positive stool
cytotoxin assays are more likely in symptomatic patients rather
than asymptomatic carriers.18 Therefore, it is recommended that
asymptomatic patients not be tested, or to perform “tests of
cure.”27

Enzyme immunoassay is 70-95% specific and rapid, but has a
sensitivity of 50-90% (it cannot detect low toxin amounts). If an
initial enzyme immunoassay is negative, it is not likely that a
repeat test would convert to a positive, so repeat testing is not
recommended.13,37,38

Flexible sigmoidoscopy helps diagnose pseudomembranous
colitis in the patient group having continued diarrhea despite a
negative cytotoxin test. Some pseudomembranous changes can
spare the rectum, so this procedure can check the sigmoid
colon.10,39

Stool culture is not often used clinically.40 Leukocytosis is evi-
dent, especially in severe cases. Include CDAD in the differential
in a patient having leukocytosis of unknown origin.41

Treatment
Healthy carriers without symptoms do not require treatment.42

Otherwise, conservative treatment starts with stopping antibiotics
if possible and providing supportive therapy, fluids, etc. If the
patient has other more serious infections requiring antibiotics,
such as infectious endocarditis, he or she may need to continue
that therapy. Antiperistaltic drugs are not advised as they may
exacerbate or prolong the illness.

Patients with diarrhea, fever, and leukocytosis can start on
oral metronidazole 500 mg 3 times daily (or 250 mg 4 times
daily) for 10-14 days. Metronidazole and vancomycin are equal-
ly effective, with response rates of 90-97%. Because metronida-

zole is less expensive and vancomycin use potentially selects for
vancomycin-resistant enterococci, metronidazole is recommend-
ed for first-line CDAD treatment.43,44

Vancomycin is indicated for patients with metronidazole aller-
gy or intolerance, pregnancy, breastfeeding, and in children
younger than 10 years. The oral vancomycin dose is 125 mg 4
times daily for 10 days.45 In pregnant women, metronidazole
crosses the placenta and there is not enough evidence to support
its safety for them, especially during the first trimester.44

If a patient has PO intolerance, intravenous metronidazole
500 mg 4 times per day effectively reaches appropriate con-
centrations in the intestine, whereas intravenous vancomycin
does not.44,46,47

With an appropriate response to therapy, expect the patient to
defervesce on day 1 and the diarrhea to resolve in 4-5 days.47

Treatment failure can be considered when the patient shows no
improvement after 6 days of antibiotics.27 Resistance to metron-
idazole is rare and typically does not cause treatment failure.27

If CDAD recurs, the same antibiotic regimen should be used
again. Use of either metronidazole or vancomycin has similar
risk for recurrence of CDAD.48 If, however, a second or greater
recurrence is being treated, several regimens have been recom-
mended. One is metronidazole or vancomycin with Saccha-
romyces boulardii 500 mg (3 x 1010 colony-forming units)
twice per day orally.45 Another regimen for multiple recur-
rences is vancomycin 125 mg 4 times daily with rifampin 300
mg twice daily, both oral, for 10 days.27 Tapering and pulsed
antibiotic therapy are used to overcome persistent spores that
produce toxins after an antibiotic course is stopped or complet-
ed. (See Table 2.) The days off antibiotics let the spores vege-
tate, then the antibiotic days kill the spores.42 Patients on this
oral vancomycin regimen did not relapse in the subsequent 6
months of follow-up.

Probiotics are live nonpathogenic microorganisms that, when
ingested, may produce some therapeutic or preventive health
benefits by promoting and improving balance in intestinal
microflora. S. boulardii, mentioned above, is one that decreases
the risk of further recurrences of CDAD by 30%. Some of the
side effects are dry mouth and constipation.45,49 Fungemia was
reported with its use in patients with comorbid conditions, so
caution should be used in these situations.50

In cases complicated by ileitis or toxic megacolon, the com-
plication itself may inhibit antibiotics from achieving thera-
peutic levels. Higher doses of oral vancomycin, 500 mg every
6 hours, vancomycin by enema, nasogastric tube, or intra-
venous metronidazole may be used.13 With no response to
these treatments, severe illness, or perforation, a colostomy
may be necessary.27

In severe cases, other treatments may include immunoglob-
ulin therapy and bacteriotherapy. Immunoglobulins aim to
boost one’s immune response to CDAD. For pseudomembra-
nous colitis or multiple CDAD recurrences refractory to treat-
ment, bacteriotherapy has had benefit. Bacteriotherapy infuses
normal fecal flora, for example by nasogastric tube, to re-
introduce the gut to normal flora, such as Bacteroides, which
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Table 2. Tapering and Pulsed Antibiotic 
Therapy32

WEEK(S) DOSAGE OF ORAL VANCOMYCIN

1 125 mg 4 times daily
2 125 mg 2 times daily
3 125 mg daily
4 125 mg every other day
5 and 6 125 mg every 3 days



has an antagonistic effect on C. difficile.42,51 (This inexpensive
method prevents further colonization and offers long-term
remission.)43

Prevention
Infection control starts with prevention and careful use of

antibiotics, including broad-spectrum ones.27 Care should be
taken with contact precautions. C. difficile spores are resistant to
alcohol-based hand hygiene solutions, so soap and water or
chlorhexidine gluconate should be used to wash hands. The
combination of both gloves and hand washing was found to be
the most effective way to prevent transmission.18 If clothing soil-
ing is likely, use gowns. Recommendations also include using
dedicated instruments like stethoscopes,13 or in the ED with its
high patient turnover, recommendations may necessitate clean-
ing one’s own stethoscope with something other than an alcohol
pad. Symptomatic patients also should have a private room, if
available.9

Environmental cleaning needs special attention with approved
hospital disinfectants because the hospital environment is fre-
quently contaminated and the hardy spores persist on surfaces.52

Dilute bleach or phosphate-buffered hypochlorite help to elimi-
nate C. difficile spores.18

Differential Diagnosis
Antibiotics themselves may cause a diarrhea without C. diffi-

cile infection. The antibiotics change the intestine’s normal func-
tion of breaking down carbohydrates, causing an osmotic diar-
rhea. Typically, the diarrhea is not as severe as that with CDAD
and resolves with stopping the antibiotics.12 (See Table 3.)

In descending order of frequency, following antibiotic-
induced diarrhea are: possible infectious gastroenteritis,
unknown etiology, constipation with overflow diarrhea, Campy-
lobacter, inflammatory bowel disease, Salmonella, ischemic
colitis, and irritable bowel syndrome.10 If symptoms develop
after a colectomy procedure, also consider mesenteric infarction
and anastomotic leak.54

In the pediatric population, diarrhea often is secondary to
dietary habits or changes, causing toddler’s diarrhea or chron-
ic nonspecific diarrhea of childhood. Osmotic diarrhea can be
caused by consumption of a low-fat diet, high in carbohy-
drates and fluids, such as lots of fruit juice. A recent prospec-
tive study identified a pathogen in only 20% of community
diarrheal cases. Of infectious causes of diarrhea in children,
viruses are most common, e.g. enteric adenovirus and
rotavirus. The most common bacteria isolated from diarrheal
samples were atypical EPEC, EAEC, and C. perfringens. C.

difficile was not found to be a significant cause of diarrheal
illnesses in the community.30 Hospitalized pediatric patients
can be exposed to therapies that could cause the side effect of
diarrhea: laxatives, motility agents, tube feedings, and
chemotherapy. Other possible causes are abdominal surgery
and inflammatory bowel disease.11

Complications
Nosocomial CDAD itself prolongs illness, for which one may

need to transfer to an “extended care facility” from the hospital.18

Risk factors for complicated CDAD are older age, leukocytosis,
and if a second or more recurrence, history of renal failure with a
second episode.48

A recurrence happens within 2 months of a prior episode
caused by a relapse of the initial infection or reinfection, acquiring
a different infection.48 Relapse occurs in 10-25% of patients treated
with metronidazole or vancomycin, and of these, 65% have multi-
ple relapses up to 10 or more episodes.42,51 Recurrent diarrhea,
abdominal pain, cramps, or fever usually 1-2 weeks after stopping
antibiotics or up to 1-2 months later suggests a relapse.42,47

Many of the risks for recurrence reflect those predisposing
one to the initial episode, age older than 65 years, history of
severe CDAD, severe comorbid conditions, diabetes mellitus,
chronic renal failure, and immunosuppression. Other risks are
history of prolonged antibiotics, other antibiotics after CDAD
therapy, proton pump inhibitors or leukocytosis.12,16,48 Pediatric
CDAD has fewer complications and less severity than adult
cases. Few cases are complicated by prolonged hospitalization,
ICU admission, exploratory laparotomy, or death from sepsis.25

Relapse occurs in 31% of children.
Thirty percent of relapses advance to pseudomembranous

colitis.10 Other severe complications can occur despite appropri-
ate therapy. CDAD can lead to sepsis with fever, hypotension,
tachycardia, and leukocytosis.27 Fulminant colitis is rare and
presents as an acute surgical abdomen without diarrhea.13,27 If a
patient has a history of antibiotics in the prior 2 months with
symptoms of obstruction, leukocytosis more than 25,000, bowel
thickening, and ascites on CT scan, consider toxic megacolon.27,55

Other possible complications are ICU admission, acute renal
failure, perforation, colectomy, shock, or death.12,48 Some other
rare complications occur more in patients who have had history
of colectomy, such as ileitis or ileal perforation.54

Summary
Clostridium difficile-associated disease with its recent epi-

demic strains has come to the forefront. Being aware of regional
trends of infection and remembering CDAD in the differential
when relevant may help to prompt early treatment and limit its
spread. Suspect a patient for CDAD who has a history of any of
the following risk factors: recent hospitalization, older age,
antibiotic exposure, underlying illness.13 Consider checking
fecal leukocytes and C. difficile cytotoxin. Stop antibiotics if
possible and inform the patient of contact precautions. Good
hand washing with soap and water is essential to stopping the
spread of disease. 
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Table 3. Clues to Differentiate Osmotic 
Diarrhea vs. CDAD53

OSMOTIC DIARRHEA CDAD

Fecal leukocytes Negative 50% positive
Response to feeds Stops Continues
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Physician CME Questions

71. A 31-year-old female, who completed a course of oral metronidazole

last month for CDAD, presents with watery diarrhea and abdominal

cramps. She was otherwise healthy prior to last month. You send a

fecal sample for cytotoxin test. What is the next step in management?

A. Oral metronidazole

B. Intravenous metronidazole

C. Oral vancomycin

D. Intravenous vancomycin

E. Saccharomyces boulardii

72. All of the following are risk factors for CDAD except:

A. age > 65 years

B. age < 1 year

C. history of recent antibiotics

D. history of hospitalization in the past year

E. history of PPI use

73. You receive a call from the laboratory for a positive C. difficile cyto-

toxin on a woman you saw 2 days ago. She was 10 weeks pregnant

presenting with watery diarrhea for 2 weeks. She visited her grandma

in the nursing home several weeks ago. You plan to have her notified,

starting her on:

A. oral metronidazole.

B IV metronidazole.

C. oral vancomycin.

D. IV vancomycin.

E. Saccharomyces boulardii.

74. A 10-year-old boy presents with watery diarrhea for 3 days. He was
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recently discharged from the hospital with a diagnosis of acute bron-

chitis. You should order:

A. C. difficile cytotoxin.

B. C. difficile stool culture.

C. C. difficile enzyme immunoassay.

D. C. difficile polymerase chain reaction.

E. latex test for C. difficile antigen in stool.

75. Which of the following statements is true?

A. All C. difficile strains are pathogenic and produce toxin.

B. Carriers should be treated.

C. About two-thirds of hospitalized patients are colonized with C.

difficile.

D. C. difficile spores do not survive long on surfaces.

76. Healthcare workers can decrease the spread of C. difficile by:

A. washing their hands with soap and water.

B. wiping their stethoscope with an alcohol-based swab.

C. washing their hands with an alcohol-based antibacterial product.

D. wearing a mask. 

77. Use of proton pump inhibitors (PPIs) increases the risk for C. difficile

infection. Which of the following statements is true?

A. H2 blockers are equivalent to PPIs in increasing the risk for C.

difficile.

B. PPI use only increases the risk of C. difficile in hospitalized

patients.

C. PPIs decrease gastric acid which is protective against GI illness.

D. PPI use causes osmotic diarrhea.

78. Having a roommate while hospitalized:

A. increases your risk of C. difficile only if the other patient has C.

difficile diarrhea.

B. increases your risk of C. difficile infection even if the other

patient is asymptomatic.

C. does not change your risk of C. difficile.

D. decreases your risk of C. difficile.

79. A patient has a 3-day history of severe diarrhea. She has recently

completed a course of clindamycin. A C. difficile enzyme 

immunoassay is negative. Which of the following statements is true?

A. The patient does not have C. difficile. This test is highly 

sensitive.

B. The patient still may have C. difficile as the test is not sensitive at

low toxin amounts.

C. The patient is likely a carrier of C. difficile.

D. A repeat test in another 24 hours is warranted. 

80. Which of the following statements is true regarding treatment failure?

A. It requires a change in antibiotic.

B. It requires the addition of rifampin.

C. It requires the addition of Saccharomyces boulardii.

D. It should be treated with a second course of the original 

antibiotic regimen. 

CME Answer Key
71. A

72. B

73. C

74. A

75. C

76. A

77. C

78. B

79. B

80. D
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