Colitis due to Clostridium difficile toxins: underdiagnosed,

highly virulent, and nosocomial

John S. Fordtran, MD

Clostridium difficile colitis is a major complication of antibiotic therapy.
Antibiotics cause a reduction in bacteria that normally reside in the colon.
If an antibiotic-treated patient ingests C. difficile bacteria, this organism
may proliferate in the colon because it is resistant to most antibiotics and
because it does not have to compete with the normal bacteria for nutrients.
If the C. difficile organism has the gene for toxin production, the toxin can
produce a colitis. In addition to antibiotics, other proposed risk factors
for development of C. difficile colitis include advanced age, contact with
infected patients and with their health care providers, impaired immune
function, suppression of gastric acid secretion by a proton pump inhibitor,
and postpyloric tube feeding. Many of the risk factors become simultane-
ously focused on patients admitted to the hospital. The incidence of C.
difficile disease has been rising, and strains have become more virulent. In
some forms of the disease, the patient doesn’t have diarrhea, and in such
patients C. difficile can be deadly but difficult to diagnose. The standard
treatment, with metronidazole or vancomycin, fails to work in up to 25%
of patients with the fulminant form of colitis. Since C. difficile causes only
20% of cases of antibiotic-associated diarrhea, a specific test is needed to
diagnose this organism. Toxigenic culture is highly specific but not available
at most institutions. The tests that are available—enzyme-linked immu-
nosorbent assay and fecal cytotoxicity assay—have high false-negative
rates, even in patients with severe clinical disease, creating a diagnostic
dilemma. The only proven way to reduce the risk of C. difficile disease is
implementation of an antibiotic management program in conjunction with
enhanced infection control procedures.

y experience with antibiotic-associated colitis began

in the early 1970s—although at that time the Clos-

tridium difficile etiology was not known. A Dallas

internist told me that numerous patients who were
taking clindamycin were getting diarrhea and colitis. At that
time, clindamycin had been on the market for only a few years.
Larry Hoberman, Dick Norgaard, and Lannie Hughes, who
were gastroenterology fellows, gathered data on 16 cases from
Parkland Hospital, the Veterans Affairs Hospital, Methodist
Hospital, and Baylor University Medical Center (BUMC). No
pathogenic organisms could be cultured in any of these patients,
and there was no evidence of staphylococcal overgrowth. All 16
patients had severe colitis, and 7 had pseudomembranous colitis.
None had small bowel disease. The average age of the patients was
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Table 1. Some important steps in the discovery of Clostridium
difficile as the major etiologic agent in antibiotic colitis

Author Published Findings
Larsonetal 2)  May 1977 Fgoal clytotoxm'was fqund in patients
with clindamycin colitis.
o November Fecal cytotoxin was neutralized by
Rifkin et al (3 1977 antisera to Clostridium sordellii.
November Clostridial toxins were the cause of
Eaent bl 1977 clindamycin colitis in hamsters.
C. difficile was cultured from patients
with pseudomembranous colitis.
George etal (5)  March 1978  Culture broth had a cytotoxic effect

that was neutralized by antitoxin. The
organism was sensitive to vancomycin.

53, and 13 of the 16 were women. Four patients—25%—died
(1).

Several possible etiologies were considered, including direct
toxicity from or an allergy to clindamycin, bowel ischemia in-
duced by the antibiotic, an altered bacterial flora, emergence of
a new bacterial pathogen, and a virus. Since the physicians did
not know the cause of the disease, they treated the patients as if
they had ulcerative colitis. Fourteen patients received systemic
steroids; 7, steroid enemas; 6, Lomotil; and 2, colectomies (1).
None of the patients received vancomycin because they were
not thought to have staphylococcal enterocolitis.

Within just a few years, C. difficile was discovered as the
etiologic agent of antibiotic colitis (7zble 1). Ironically, C. dif
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Figure 1. Gram-stained smear of Clostridium difficile prepared from a broth
culture. The rod-shaped vegetative cells are shorter and narrower than those
of C. perfringens; abundant subterminal and “free” spores are present (x500).
Reprinted from reference 8 with permission from McGraw Hill.

ficile turned out to be sensitive to vancomycin, which might
have been used in our patients had we not done tests to rule
out staphylococcal enterocolitis (6).

C. difficile bacteria had been discovered years eatlier, in
1935 (7). In their attempt to understand the development of
normal bacterial flora in neonates, Hall and O Toole found
a new anaerobe—which they called Bacillus difficilis because
of the difficulty involved in its isolation and study. It wasn't
pathogenic in newborns infants, but it was pathogenic in guinea
pigs via a toxin. The bacillus has since been placed in the ge-
nus Clostridium. The organism is depicted microscopically in
Figure I, which shows both the vegetative bacteria and spores.
Although the spores are inactive, they can rapidly change into
vegetative forms, which can then induce disease under the right
circumstances.

PATHOGENESIS

C. difficile is resistant to most antibiotics. When a person
takes an antibiotic, the normal colonic bacteria are reduced.
Under these conditions, C. difficile is uninhibited by the normal
bacterial products that tend to suppress it, and it has access to
additional colonic nutrients. The C. difficile then proliferates.
If it lacks the gene for toxin production, no disease develops.
However, if it produces toxins A and B, it may cause colitis. The
mechanism by which C. difficile toxins damage colonocytes is
shown in Figure 2. The result of this damage is a loss of polar-
ity of colonocytes, impaired cell migration, and cell death (9),
which lead to colonic inflammation and in some cases pseudo-
membranous colitis (Figure 3).

C. difficile does not invade the colonic mucosa, and it does
not cause disease if no toxin is produced. Even when a toxin
is produced, some people become carriers or develop a mild,
self-limited diarrhea while others develop severe colitis and
may have multiple relapses of the disease. The clinical result
depends on the briskness of the serum antibody response to
the toxin. Aboudola et al showed that after infection with C.
difficile, symptom-free carriers of the infection had a median of
3 enzyme-linked immunosorbent assay (ELISA) units per mL
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Figure 2. Mechanisms of Clostridium difficile toxin injury to colonocytes, as
modified from reference 9. RBD indicates receptor-binding domain of the toxin;
TMD, the transmembrane domain of the toxin; CAT, the catalytic domain of the
toxin. Five steps are depicted. (1) Toxin RBD binds to a receptor located on the
luminal membrane of a colonocyte. (2) The toxin-receptor complex is endocy-
tosed. (3) Acid is secreted into the endocytosed vesicle by a metabolic process;
the resulting drop in pH and refolding of the toxin causes insertion of the TMD
portion of the toxin into the endosomal membrane. (4) There is a translocation
and release of the CAT portion of the toxin into the cytosol of the colonocyte. (5)
The CAT portion of the toxin causes monoglycosylation of Rho-GTPases. Not
shown: Monoglycosylation of Rho-ATPases by C. difficile toxins destroys the
actin cytoskeleton of the colonic epithelial cell, resulting in a loss of cell polarity,
impaired cell migration, and cell death. Note: A lack of development of toxin-
binding receptor on the colonocytes of newborn infants may explain the absence
of colitis and diarrhea in neonates with C. difficile infections.

of serum IgG antitoxin A, and patients with a single episode of
C. difficile—associated disease had 6 ELISA units. On the other
hand, those patients with recurrent disease had only 0.7 units
(12). Recurrent C. difficile colitis, then, appears to be associated
with a lack of protective immunity to C. difficile toxins.

The serum antibody level to C. difficile can be increased with
a vaccine, which is still experimental. In 2005, Sougioultzis et
al tested the vaccine in three patients with serious, recurrent
disease that was unresponsive to treatment. After vaccination,
all three subjects had no further recurrence of diarrhea and
were able to discontinue treatment with vancomycin. Further,
in two of the three, the increases in serum IgG antibodies were
striking: 3-fold and 4-fold increases in antitoxin A antibodies
and 52-fold and 20-fold increases in antitoxin B antibodies (13).
In 1997, researchers showed that passive immunotherapy with
intravenous immunoglobulin was also effective in patients with
impaired serum antitoxin response and refractory C. difficile
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Figure 3. Pseudomembranous colitis. In contrast to antibiotic-associated diar-
rhea, which has several causes, C. difficile is considered the only cause of
antibiotic-associated pseudomembranous colitis. () Microscopic appearance of a
“volcanic eruption.” The exudate contains fibrin, albumin, and polymorphonuclear
cells. Vascular permeability is increased via tumor necrosis factor alpha and
inflammatory interleukins. Photo: James Williams, MD, Department of Pathology,
Mayo Clinic Scottsdale; reproduced from reference 10 with permission from the
American Medical Association. (b) Endoscopic appearance: raised, white or yel-
lowish nodules, usually 2 to 10 mm in diameter, often with skip areas of inflamed
or normal-looking mucosa. They may coalesce to form a membrane that covers a
large segment of inflamed mucosa. The pseudomembranes can be easily stripped
off with forceps. Reprinted from reference 11 with permission from The European
Society of Clinical Microbiology and Infectious Diseases.

colitis (14). The antibodies are believed to block the effects of
the toxins until the normal flora can recover; the antibody effect
is on the toxins and not on the organism itself.

Almost any antibiotic can lead to C. difficile intestinal
disease. Diarrhea usually begins 4 to 9 days after the patient
starts an antibiotic, but it can also develop up to 8 weeks after
an antibiotic is discontinued (15). Generally, C. difficile dis-
ease is caused by genotypes and strains that are resistant to the
precipitating antibiotic. Penicillins, the cephalosporins, and
clindamycin are most apt to precipitate the disease (16). How-
ever, even vancomycin—which is effective in treating C. difficile
disease—can cause the disease. This probably occurs because
vancomycin suppresses both normal flora and the vegetative
forms of C. difficile, but not its spores. When vancomycin is
discontinued, the spores germinate and the new vegetative forms
fourish in the altered bacterial environment.
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NOSOCOMIAL TRANSMISSION

C. difficile intestinal disease occurs primarily in the elderly
who are hospitalized or have recently been hospitalized. Johal et
al’s 2004 study of 136 patients showed that C. difficile diarrhea
(which followed antibiotic exposure in 96%) started in the hos-
pital in 98 patients (72%) and in the community in 38 patients
(28%). In addition, 87% of those in whom the disease began in
the community had been hospitalized during the preceding 12
months. The average age of the patients was 79 in the inpatient
group and 77 in the community group (17).

McFarland et al reported that of 399 patients who were
shown not to have C. difficile upon admission to the hospital,
83 (21%) tested positive for the organism during their hospi-
talization. Fifty-two of the infected patients (63%) remained
asymptomatic, but 31 (37%) developed diarrhea (18). Thus,
almost 8% of the admitted patients developed a symptomatic
infection with C. difficile during their hospitalization.

When the researchers used immunoblot typing to differenti-
ate individual strains of C. difficile, they found that C. difficile
is spread by other patients (especially those with diarrhea) and
by the hands of health care workers (18). The hands of physi-
cians and medical students were contaminated 75% of the time
after they had been in contact with a patient with C. difficile;
those of dialysis technicians, 66%; those of nurses, 56%; and
those of physical therapists, 50%. Among contaminated health
care workers, the undersides of the fingernails were affected in
43% of cases; the fingertips or palms, 37%; and the underside
of rings, 20%. Wearing gloves and washing with chlorhexidine
markedly reduce hand carriage of the bacteria, but alcohol is
not effective (19).

The routine infection control measures used in most hospi-
tals are no match for C. difficile. The spores survive desiccation
for months and are resistant to conventional disinfectants.
Environmental contamination occurs in 34% to 58% of sites
in hospitals, even after detergent cleaning (20). These sites
include carpets, clothing, blood pressure cuffs, thermometers,
telephones, call buttons, scales, commodes, and tube feeding
equipment. Intrahospital transfer of patients from one unit to
another is common and creates an infection control nightmare.
In addition, compliance with infection control measures is poor,
and there are financial pressures to reduce spending on cleaning,
infection control, and surveillance cultures to monitor cleaning
standards.

Patients, then, come into a hospital that is teeming with C.
difficile, an organism difficult to destroy with standard infection
control measures. These patients are prescribed an antibiotic,
which they presumably need, which suppresses their normal co-
lonic flora. They are probably immunosuppressed—because of
either their advanced age or their underlying illness. If that were
not enough, other proposed risks are often superimposed.

PROTON PUMP INHIBITORS, TUBE FEEDINGS,
AND CHEMOTHERAPY

Acid gastric juice is “nature’s disinfectant” for the gastro-
intestinal tract. It kills the vegetative forms of C. difficile (21),
just as it kills cholera, salmonella, and shigella. It is possible
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Table 2. Correlation of pH and acid concentration in gastric juice*

pH [H], mEg/L
100
10
1
0.1
0.01
0.001

7 0.0001

*The vegetative forms of Clostridium difficile are killed when exposed to gastric juice at
a pH of 1 to 3.5, but the organisms survive when gastric juice pH is 4 or above (20).
The spores of C. difficile are not killed by gastric acid.

[H] indicates hydrogen ion concentration.

Effect on C. difficile vegetative forms

Killed

Survive

[ & R O

are clearly indicated in ICU patients who are especially prone
to develop gastroduodenal ulcers due to gastric hypersecretion
of acid, such as in patients with acute head injuries (Cushing’s
ulcer), it seems surprising that PPIs have become the preferred
agent for stress ulcer prophylaxis for virtually all patients admit-
ted to ICUs. Most study groups developing practice guidelines
have not endorsed PPIs as first-line therapy for this purpose
and instead recommend either HRAs or sucralfate. Moreover,
recent studies have shown that the incidence of serious stress
ulcer bleeding in medical ICUs is low, even when no drug is

prescribed for prophylaxis against gastroduodenal ulceration.
Although PPIs, HRAs, antacids, and sucralfate reduce the al-
ready low rate of bleeding from gastroduodenal ulceration, there
is no proof that these drugs reduce mortality rate. Stress ulcer
prophylaxis with two drugs that reduce gastric acidity (HRAs
and antacids) led to higher, not lower, mortality rates in a meta-
analysis (23) (Figure 4). Reliable mortality

Antacids vs placebo/control
(4 trials)

Hz antagonists vs placebo/control
(15 trials)

Sucralfate vs placebo/control
(4 trials)

Hz antagonists vs antacids
(14 trials)

Sucralfate vs antacids

(11 trials) @
Sucralfate vs Hz antagonists

(11 trials)

Pirenzepine vs H2 antagonists
(1 trial)

Sucralfate vs Hz antagonists
and/or antacids (26 trials)

<P

rates comparing PPIs with other anti—stress
ulcer drugs are apparently not available. Un-
like PPIs/HRAs/antacids, sucralfate reduces
stress ulceration with very little reduction of
gastric acidity (24). Although sucralfate was
associated with reduced mortality in this
metaanalysis when compared with HRAs
and antacids (23), it showed no difference
when compared with placebo, presumably
reflecting the small effect of stress ulcer
bleeding on mortality in modern ICUs. In
general, these statistics suggest that suppres-
sion of gastric acidity increases the mortality
rate in ICUs.

Of course, many patients come to the

T T
0.01

T T TTTTIT T T T TTTIT T
0.1 1
Common odds ratio and 95% Cl

10

o hospital already taking PPIs. The drug com-

panies have spent millions of dollars on

Figure 4. Common odds ratio and 95% confidence interval (Cl) for the risk of mortality determined
by a metaanalysis of studies of stress ulcer prophylaxis. Reprinted from reference 23 with permission

from Adis International.

that acid gastric juice also protects against viral and prion
infections (22).

Secretion of gastric acid is markedly reduced in patients with
atrophic gastritis (which is common in elderly people) and by
treatment with proton pump inhibitors (PPIs) and histamine
H, receptor antagonists (HRAs). When gastric acid secretion
is inhibited, the volume of fluid secreted into the stomach falls
markedly, the acid concentration in stomach fluid falls, and the
gastric pH rises, as shown in 7able 2. The marked reduction
in gastric juice volume and the reduced concentration of acid
allow ingested acid-sensitive pathogens to survive and pass into
the small bowel and colon.

Hospitalized patients are often started on a PPI in order to
prevent stomach and/or duodenal bleeding due to stress ulcers.
If a patient is admitted to a BUMC intensive care unit (ICU)
and a PPI is not prescribed, the physician will be notified: he
or she will be asked to consider starting a PPI for stress ulcer
prophylaxis, and almost always a PPI is started. Alchough PPIs

6 Baylor University Medical Center Proceedings

direct-to-consumer advertising about PPIs
as a treatment for gastroesophageal reflux
disease, sometimes offering free samples for
starters. The companies have provided assis-
tance to professional gastroenterological associations, academic
physicians, and practicing physicians. In my opinion, such mar-
keting has resulted in overudilization of PPIs.

One of the results of PPI overutilization is that almost 50%
of hospitalized patients receiving an antibiotic also receive a
PPI, at least in Montreal (25). Moreover, there is no legitimate
medical reason to markedly suppress gastric acid secretion in
most patients who are treated with a PP in the hospital (25), es-
pecially since the preponderance of published evidence suggests
that PPIs increase the likelihood of getting C. difficile disease
(1able 3). One study suggests that HRAs also increase the odds
ratio of contracting this infection (28). The association between
treatment with a PPT and development of C. difficile disease has
been attributed to PPI suppression of gastric secretion to such a
large extent that stomach acidity can no longer serve its natural
disinfectant function. This explanation assumes that ingested
vegetative forms of C. difficile, in addition to spores (which
are resistant to gastric acid), are important in the transmission
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Table 3. Studies evaluating proton pump inhibitors as a risk factor for Clostridium difficile diarrhea

Number of patients who received a PPI

C. difficile group

Control group Comparison results

Reference Type of study n
Shah, 2000 (26)* Case control 126ineach group 46 (37%)
Cunningham, 2003 (27)*  Case control 160 ineach group 58 (36%)

Preceding 8 weeks:

Dial, 2004 (25) Case control 94 ineach group 60 (64%)

>6 months: 22 (23%)

Muto, 2005 (28) Case control 203 ineach group 78 (38%)

Dial, 2004 (25) Cohort 1187 given antibiotic

C. diff, taking PP 55/591 (9%)
C. diff, not taking PPI: 26/596 (4%)

49 (39%) OR: no association
31 (19%) OR:2.5(Cl, 1.5-4.2)
Preceding 8 weeks:

34 (36%) OR: 3.1 (Cl, 1.7-5.6)

>6 months: 4 (4%)  OR: 6.9 (Cl, 2.3-20.8)
Univariate OR: 1.8 (Cl, 1.2-2.9)

Multivariable logistic regression
OR: 2.4 (Cl,1.3-4.4)

Unadjusted RR: 2.1 (CI, 1.4-3.4)
Adjusted RR: 2.1 (Cl, 1.2-3.5)

54 (27%)

*Cunningham et al (27) suggested that the difference between their results and those of Shah et al (26) was due to problems related to selection of controls in Shah et al’s study.

OR indicates odds ratio; Cl, 95% confidence interval; RR, relative risk.

of C. difficile colitis. Alternatively, or in addition, PPIs may
inhibit immune function (29), and this could also predispose
to C. difficile disease.

Patients who start treatment with PPIs often continue tak-
ing them indefinitely, and that can result in added risks for
other serious diseases (22). Since PPIs are started and continued
without knowledge of baseline gastric acid secretion, patients
with atrophic gastritis who are treated with a PPI are subjected
to side effects from these drugs with little possibility of benefit.
At the very least, physicians should specify an automatic ter-
mination date rather than allow ongoing renewal that in some
cases can mean unnecessary suppression of gastric acidity for
many years.

Postpyloric tube feedings increase the risk of C. difficile
disease (30). The tube feeding materials may be contaminated
with C. difficile, and protective gastric acid is bypassed because
such feedings are infused beyond the stomach, directly into the
small intestine.

The risk of C. difficile disease is also increased by chemo-
therapy. In their retrospective case-control study, Cunningham
et al found that an antibiotic plus cytotoxic chemotherapy in-
creased the odds ratio for developing C. difficile diarrhea to 17.3.
When PPIs were added to the antibiotic and chemotherapy, the
odds ratio was 43.2 (27). Chemotherapy suppresses the normal
colonic flora to some extent, may impair immune responses,
and retards repair function of colonic epithelial cells.

MEASURES TO REDUCE C. DIFFICILE INTESTINAL DISEASE
Enhanced infection control measures reduce the develop-
ment of C. difficile disease (20). For example, researchers at
the University of Pittsburgh Medical Center performed a case-
control study with multivariate analysis and molecular subtyp-
ing. They identified 419 cases of C. difficile in 2000-2001, with
18 deaths (4.3% mortality rate) and 26 colectomies. One of
their conclusions was that enhanced infection control and an
antibiotic management program are both required to stem an

outbreak (28).
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Antibiotic management programs have been shown to
reduce the incidence of C. difficile disease in the hospital by
more than twofold. In 1994, a joint working group in the UK
National Health Service developed the following recommenda-
tions for such a program (31):

1. Written guidelines on correct antimicrobial use

2. Restriction of susceptibility reports by the microbiology
laboratory

3. Continuous education for health care workers, patients, and
their families

4. Control and restriction of antimicrobial prescriptions

5. Automatic dates for termination of therapy

6. Avoidance of unnecessary use of antimicrobial agents

7. Avoidance of wide-spectrum antimicrobial agents when
feasible

8. Avoidance of antimicrobial agents especially linked to a high
risk of C. difficile—associated disease

9. Conservative use of antibiotics for prophylaxis against infec-
tions after surgery

Two other pharmacologic methods are promising but
currently unproven: probiotics, repopulating the colon with
nontoxic organisms as antibiotics are given; and using PPIs only
when there are specific indications for marked suppression of
gastric acid secretion.

INCIDENCE AND VIRULENCE

The incidence of C. difficile disease is increasing. In Quebec,
3262 cases were reported in 2000, 3675 in 2001, 4097 in 2002,
and 7004 in 2003 (32). The mortality rate increased from 12%
in 2000 to 18% in 2003, and about half of these deaths were
directly related to C. difficile intestinal disease. This death rate is
approaching what it was in the 1970s, before physicians knew
what caused the disease and how to treat it. The newer strains of
C. difficile were shown to produce about 20 times more toxins
A and B than previously studied strains (33, 34).

Other studies have confirmed the increasing virulence. Dial
et al reported a study from the Davis Jewish Hospital in Mon-

Colitis due to Clostridium difficile toxins: underdiagnosed, highly virulent, and nosocomial 7



Figure 5. Acute toxic megacolon in a patient with fulminant pseudomembranous
colitis. Note the thickened and edematous bowel wall (arrow). Such patients have
abdominal pain, fever, leukocytosis, and hypoalbuminemia, but they may not have
diarrhea. Many clinicians would suspect ischemic colitis, rather than Clostridium
difficile colitis. This form of C. difficile disease has a very high mortality rate
and a poor response to vancomycin and metronidazole. In addition to the usual
therapy in such patients, physicians might want to consider early use of passive
immunotherapy against C. difficile toxins, as described in reference 14 and in
several of the treatment references listed at the end of this article. Reprinted from
reference 10 with permission from the American Medical Association.

treal. Among 94 consecutive patients with C. difficile diarrhea,
18 (19%) required admission to the ICU because of fulminant
disease; 12 (13%) developed acute renal failure requiring di-
alysis; 8 (9%) required colectomy; 21 (22%) had relapses; and
21 (22%) died (25).

CLINICAL SYMPTOMS

Patients with C. difficile intestinal disease usually have mild
or severe diarrhea and abdominal pain, low-grade to high-grade
fever, and leukocytosis; they may have hypovolemia, shock, and
hypoalbuminemia (16). The latter occurs when exudate from
colonic ulceration oozes albumin from the blood plasma into
the colonic lumen; this albumin is digested or excreted in stool.
Acute diarrhea with hypoalbuminemia is a good indicator of C.
difficile intestinal disease.

Stools are usually not grossly bloody, but they can be. Oc-
cult blood is present in 30% of patients. Fecal leukocytosis is
also present in one third of the patients. Colitis, when present,
is usually most severe in the rectum and distal colon, but it can
be present on the right side of the colon.

Some patients develop fulminant colitis associated with a
colonic ileus, in which case the patient may not have diarrhea
(Figure 5). Physicians rarely suspect C. difficile disease in the
absence of diarrhea. A sigmoidoscopy to look for pseudomem-
branes and to obtain a stool sample for toxin assay may help
reveal the diagnosis. A computed tomography scan is often
diagnostic of C. difficile colitis, provided physicians think of
this disease in the absence of diarrhea.

TREATMENT

As mentioned at the beginning of the paper, in the 1970s
Dallas physicians gave Lomotil to some patients with this dis-
ease. That’s a bad choice: Lomotil tends to promote an ileus
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and to cause retention of toxins in the colon. All antiperistaltic
agents should be avoided (16). Treatment of C. difficile diarrhea
or colitis should begin with fluid therapy. Precipitating antibiot-
ics should be discontinued or modified if possible.

When an antibiotic against C. difficile is indicated (15,
16), oral metronidazole is the preferred agent except in women
who are pregnant or breastfeeding. Metronidazole is absorbed
completely and cannot be detected in stools in the absence of
diarrhea/colitis. Thus, the drug works in those who have the
disease but not in carriers. Carriers do not require treatment,
which is fortunate since neither vancomycin nor metronidazole
can eliminate the carrier state (20).

In early studies, metronidazole and vancomycin were equally
effective. Pépin et al have suggested that vancomycin may be
better in very sick patients (35), and vancomycin possesses some
theoretical advantages in treatment (16). However, most au-
thorities have favored metronidazole because of its much lower
cost and the concern of development of vancomycin-resistant
organisms (16). Overall, response rates to these drugs are not
as high as they once were, possibly due to increased virulence
of C. difficile rather than antibiotic resistance. In some series,
25% of the patients failed to respond to either one of these
drugs. Thus, prevention is key (36).

Additional information on treatment is provided in refer-
ences 15 and 16 and in the treatment references printed after
the numbered references.

DIAGNOSTIC TESTS

The antibiotic treatment recommendations given above
relate only to C. difficile—associated intestinal disease, not
to antibiotic-associated diarrhea in general. This is because
most patients with antibiotic-associated diarrhea do not have
C. difficile. For example, of a hypothetical 100 patients with
antibiotic-associated diarrhea, only 25 would have a bacterial
cause. Most of the other 75 patients would have a coincidental
association. Of those with a bacterial cause, 20 cases would be
from C. difficile, with the disease manifesting as pseudomem-
branous colitis, colitis without pseudomembranes, or diarrhea
without colitis. Four patients would have Klebsiella oxytoca (37),
and 1 patient would have Escherichia coli 0157:H7. These lat-
ter two organisms usually produce a right-sided colitis that on
colonoscopy appears similar to ischemic colitis.

For K. oxytoca—associated diarrhea, which generally follows
administration of penicillins, there is no need to administer met-
ronidazole or vancomycin. Once the antibiotic is discontinued,
the disease resolves (Hogenauer and Krejs, personal communi-
cation). For E. coli 0157:H7-associated colitis, administering
an antibiotic makes the disease worse. Thus, treatment for
these diseases differs significantly from the treatment of C. 4if
ficile intestinal disease. Empiric treatment of all patients with
antibiotic-associated diarrhea with metronidazole or vancomy-
cin would be a mistake.

To guide treatment, then, a specific test for C. difficile toxins
is needed. Several tests are available:

o Direct fecal cytotoxicity test. Feces is added to a cell culture
system, and the laboratory analyzes whether a demonstrated
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Figure 6. A toxigenic culture for Clostridium difficile. (a) Culture of C. difficile
colonies on cycloserine cefoxitin fructose agar under anaerobic conditions.
The colonies have a characteristic smell, similar to horse manure. They are
nonhemolytic and white to yellowish with a ground glass appearance, and they
fluoresce chartreuse under ultraviolet light. Reprinted from reference 11 with
permission from The European Society of Clinical Microbiology and Infectious
Diseases. (b) The second step, an impression smear from an anaerobic blood
agar plate, reveals both spores and vegetative forms of C. difficile. Photo courtesy
of CDC/Dr. Gilda Jones/Public Health Image Library. Not shown: In a third step,
the culture medium is tested for C. difficile toxins to establish whether or not C.
difficile bacteria have the potential for causing colitis.

cytotoxic effect is neutralized by a specific antitoxin. The
results are available in about 48 hours. This test is no longer
used in most clinical laboratories, including BUMCs.

o ELISA test for toxin A or toxins A and B. Results are available
in about 2 hours. However, 10% to 30% of results are false-
negatives when compared with the direct fecal cytotoxicity
assay. Repeat testing is only mildly helpful in identifying
additional true positive results (38). This is the only test
used at BUMC and at most US hospitals.

o “Toxigenic culture” a stool culture for C. difficile tollowed by
a toxin assay of C. difficile colonies (Figure 6). This method,
which takes 48 hours, is highly sensitive. However, in the
USA it is not provided by most clinical laboratories.

o Polymerase chain reaction and molecular typing. These meth-
ods are not available for clinical use, and their accuracy has
not been established.
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In 2005, Delmée et al compared the results of the direct fecal
cytotoxicity test and toxigenic culture on 10,552 specimens of
diarrheal stool (39). About 90% of specimens—9494—were
negative with both tests. Another 460 specimens (4.3%) were
positive with both tests. However, 355 specimens were nega-
tive with the direct fecal cytotoxin assay but were positive with
toxigenic culture. Thus, the direct fecal cytotoxin assay missed
almost as many cases as it detected. A possible explanation for
this lapse is that colonocytes have a receptor for the toxin (and
thus are highly sensitive), while fibroblasts used in the cytotoxic-
ity test may not have such receptors.

The authors made a plea for using a toxigenic culture in rou-
tine practice (39). Although toxigenic culture requires technical
laboratory expertise, adds to the cost of diagnosis, and takes
longer, it is beneficial for correct diagnosis and outbreak preven-
tion. Further, culture is the only way to perform surveillance
studies, type strains, and test antimicrobial susceptibility.

Some might argue that the cases that are missed by the
direct fecal cytotoxicity test represented mild cases that would
do well without treatment. However, that is not the case. Johal
et al studied a subset of patients with sigmoidoscopy-diagnosed
pseudomembranous colitis. In contrast to the several causes of
antibiotic-associated diarrhea, C. difficile is considered to be the
only cause of antibiotic-associated pseudomembranous colitis,
which always reflects severe colitis. In Johal’s series of 56 patients
with pseudomembranous colitis, the direct fecal cytotoxicity
test missed about half of the cases: it identified C. difficile toxin
in 27 of the 56, but it missed C. difficile toxin in 29 of the 56.
In nine of the latter, toxigenic culture was carried out, and all
specimens were positive for toxigenic C. difficile (17).

Thus, physicians face a diagnostic dilemma. The tests avail-
able in most hospitals are not sensitive, yet accurate diagnosis
seems essential to control this common nosocomial infection.
ELISA is the poorest test in terms of accuracy, yet that is the
test used at BUMC and most other hospitals. The direct fecal
cytotoxin test is also poor; it missed 43% of cases. The toxigenic
culture is best, but almost no centers in the USA use it. While
flexible sigmoidoscopy would allow the diagnosis of some cases
that would be missed by ELISA and other tests, it would add
to hospital contamination. Moreover, if the patient had severe
disease, a sigmoidoscopy might induce a perforation. The chal-
lenge, then, is to curtail the spread of C. difficile within the
hospital when the diagnostic test we use detects only about half
of infected patients. It is hard for me to understand why we do
not use toxigenic culture in patients who develop acute diarrhea
in the hospital but who have negative direct fecal cytotoxic tests

for C. difficile toxins.

IMPACT OF A C. DIFFICILE EPIDEMIC

When an epidemic of C. difficile disease was in progress in
Canada, some physicians wanted to warn the public, but others
did not (40). Some of their comments are insightful:

No hospital . . . wants to be labelled as the C. diffhospital. —Dr.
Todd McConnell (40)
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Figure 7. Previously healthy 80-year-old Suzanne Cloutier Rocher had
emergency abdominal surgery and was admitted to a hospital. She
became severely sick and died 5 weeks later of Clostridium difficile
intestinal disease (40). Photo: Isabelle Rocher.

Patients should be told that taking antibiotics can precipitate C.
difficile disease. —Michael Libman (40)

C. difficile would rank as #1 among superbugs like VRE [van-
comycin-resistant enterococci] and MRSA [methicillin-resistant
Staphylococcus aureus]. It's more virulent than SARS [severe acute
respiratory syndrome]. —Dr. Vivian Loo (32)

Even more troublesome is the comment of Dr. Jacques

Pépin: “There’s less reaction than if it had been an outbreak

. b2l . . )

among younger patients” (41). In other words, epidemics don’t
create an outcry if only grandmothers are dying (Figure 7).

CONCLUSION

C. difficile intestinal disease is a serious problem, it is getting
worse, and the standard treatments are losing some of their ef-
fectiveness. I believe that improvements in prevention and in
diagnostic methods would help ensure that BUMC does not
become a “C. diff hospital.” In the meantime, the best that
individual physicians can do for a grandmother is to keep her
out of the hospital whenever possible, avoid giving her unneces-
sary antibiotics, adhere to the antibiotic management program
provided on page 7, avoid combinations of drugs that increase
the risk of C. difficile disease, maintain a high index of suspicion
for fulminant C. difficile disease that presents without diarrhea,
and wash their hands.
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