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Clostridium difficile, the agent that causes pseudomembranous colitis associated with antibiotic therapy, has been identified in recent years as a common nosocomial pathogen. First described in 1935 by Hall and O'Toole, this gram-positive anaerobic bacillus was named "the difficult clostridium" because it resisted early attempts at isolation and grew very slowly in culture1. Although the organism released potent toxins in broth culture, the fact that it was found in stool specimens from healthy neonates led to its classification as a commensal. C. difficile subsequently passed into obscurity. 
In the 1960s and 1970s antibiotic-associated pseudomembranous colitis became a major clinical problem, particularly with such broad-spectrum agents as lincomycin and clindamycin, which caused diarrhea in approximately 10 percent of patients and pseudomembranous colitis in 1 percent. Pseudomembranous colitis was attributed to mucosal ischemia or viral infection until Larson and his colleagues reported in 1977 that stool specimens from affected patients contained a toxin that produced cytopathic changes in tissue-culture cells2. Within a year after that report, C. difficile had been identified as the source of the cytotoxin,3,4 and effective therapy with vancomycin was soon reported5,6. It is now clear that C. difficile infection is responsible for virtually all cases of pseudomembranous colitis and for up to 20 percent of cases of antibiotic-associated diarrhea without colitis. 
During the past decade, considerable advances have been made in our understanding of the pathophysiology of diarrhea and colitis caused by C. difficile infection, and a wide variety of treatments are now available. Nonetheless, this tenacious organism continues to infect millions of patients each year and still poses a diagnostic and therapeutic challenge. 
Pathogenesis 

The following chain of events results in C. difficile colitis: a disruption of the normal bacterial flora of the colon, colonization with C. difficile, and the release of toxins that cause mucosal damage and inflammation. Antibiotic therapy is the key factor that alters the colonic flora and allows C. difficile to flourish. The colon is home to more than 500 species of bacteria, and normal stool may contain as many as 1012 bacteria per gram. How these microbes resist colonization by C. difficile is not clear7. Almost any antibiotic may cause C. difficile infection, but broad-spectrum antibiotics with activity against enteric bacteria are the most frequent agents (Table 1). Clindamycin is notorious for its propensity to induce the disease9. In current practice, however, broad-spectrum penicillins and cephalosporins are the most common culprits, reflecting their widespread use10. 
	





 
Once antibiotic therapy has made the bowel susceptible to infection, colonization by C. difficile occurs by the oral-fecal route. C. difficile forms heat-resistant spores that persist in the environment for months or years. Infection results from oral ingestion of these spores, which survive the acid environment of the stomach and convert to vegetative forms in the colon. Environmental contamination by C. difficile is particularly common in hospitals and facilities providing long-term care11,12,13. The organism can be cultured from hospital floors, toilets, bedpans, bedding, mops, scales, and furniture, especially in hospital rooms or wards where patients with diarrhea from C. difficile infection have recently been treated. Health care personnel may carry the bacteria from room to room on their hands, under rings, or on stethoscopes, but fecal carriage by staff is rare11,12. Higher rates of infection have been reported among patients in double rooms, as compared with those in single rooms, and after exposure to an infected roommate13. 
When established in the colon, pathogenic strains of C. difficile produce toxins that cause diarrhea and colitis; strains that do not produce toxins are not pathogenic. Two large protein exotoxins are produced by C. difficile: toxin A, a 308-kd enterotoxin, and toxin B, a 250-to-270-kd cytotoxin14. Toxin A causes fluid secretion, mucosal damage, and intestinal inflammation when injected into rodent intestine15. Toxin B is approximately 1000 times more potent than toxin A as a cytotoxin in tissue culture but is not enterotoxic in animals. The susceptibility of the human intestine to the effects of the two toxins has not been extensively investigated, but preliminary studies indicate that the colon may be vulnerable to both16. Toxins A and B are lethal when injected parenterally in animals, possibly indicating neurotoxic activity. Toxin A is also a chemoattractant for human neutrophils in vitro,17 and both toxins activate the release of cytokines from human monocytes18. These proinflammatory effects on leukocytes may be instrumental in inducing the marked colonic inflammation seen in pseudomembranous colitis. 
The intracellular mechanisms of action of toxins A and B are poorly understood. Toxic effects appear to follow the binding of toxins to membrane receptors. Specific glycoprotein receptors for toxin A have been identified on enterocyte membranes, and at least in rabbits, this toxin A receptor is linked to a guanine nucleotide regulatory protein19. After binding to its intestinal receptor, toxin A enters the cell and profoundly alters the actin cytoskeleton, leading to cell rounding20. Toxin B causes an identical rounding of cultured cells, suggesting that the two toxins may have a common mode of action within the cell. 
The histologic features of pseudomembranous colitis induced by C. difficile toxins are divided into three types21. Type I, the earliest lesion, is characterized by patchy epithelial necrosis accompanied by an exudation of fibrin and neutrophils into the colonic lumen. The type II lesion has a more prominent exudate that erupts as a "volcano" or "summit" lesion from a focus of epithelial ulceration; the surrounding mucosa remains intact (Figure 1). The type III lesion is characterized by more diffuse epithelial necrosis and ulceration overlaid by a pseudomembrane consisting of mucin, fibrin, leukocytes, and cellular debris. When C. difficile infection resolves, the mucosa returns to normal, apart from a minor residual glandular irregularity21. 
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	Figure 1. Endoscopic-Biopsy Specimen from a Patient with Pseudomembranous Colitis and a "Summit" Lesion (Hematoxylin and Eosin, x55). 

Focal ulceration of the colonic mucosa (lower arrow) is evident, with exudation of a pseudomembrane (upper arrow) made up of inflammatory cells, fibrin, and necrotic debris. The adjoining mucosa is intact. 



	


 
Epidemiology 

In both infants and adults, C. difficile infection is generally acquired in the hospital. Neonatal colonization is common but almost invariably asymptomatic despite stool cytotoxin levels that may be similar to those in adults with severe colitis. Surveys in neonatal nurseries and outpatient clinics indicate that over 50 percent of healthy infants have transient colonies of toxicogenic C. difficile22. A possible explanation for the resistance of infants to C. difficile toxins is the immaturity of their enterocyte membrane toxin receptors23. After the first year of life, children become susceptible to C. difficile colitis. 
Serum antibodies to C. difficile toxins are found in approximately 60 percent of children and adults in the United States, but it is not clear whether humoral immunity to C. difficile is protective24,25. We found that serum levels of IgG antibody to toxin A were lower in children with recurrent diarrhea from C. difficile infection than in age-matched controls, suggesting that an inadequate immune response to C. difficile infection may predispose a patient to a relapse26. The majority of adults secrete IgA antibody to toxin A into the colonic lumen, and this antitoxin may block the binding of toxin A to its intestinal receptor25. These preliminary observations suggest that immunization against C. difficile toxins may ultimately prove to be a useful means of preventing infection. 
Hospitalized patients are the primary target of C. difficile, because they receive antibiotic therapy in a setting where environmental contamination with C. difficile spores is commonplace11,12,13,27. In a study of 428 inpatients, McFarland et al. found that 21 percent became colonized with C. difficile during their hospital stay13. Nosocomial outbreaks of C. difficile colitis, which are frequently reported in hospitals, nursing homes, and other extended-care facilities, can be extremely difficult to control10,11,12,13,28. Measures that have been recommended to reduce cross-infection include the use of disposable gloves29 and hand washing with a suitable disinfectant (e.g., chlorhexidine) after contact with a patient12; the use of disposable, single-use thermometers rather than electronic rectal thermometers30; and environmental disinfection with hypochlorous acid or other agents that destroy C. difficile spores, after an infected patient has been discharged12. Unfortunately, stringent measures of infection control are not always effective, and outbreaks may occur even after a ward has been closed and decontaminated28. 
Clinical Presentation 

The clinical presentations of C. difficile infection include, in increasing order of severity, asymptomatic carriage, antibiotic-associated colitis without pseudomembrane formation, pseudomembranous colitis, and fulminant colitis. Fortunately, the most severe forms are also the least common. 
Over 50 percent of healthy neonates are asymptomatic carriers of C. difficile. Fewer than 1 percent of healthy adults are carriers, but approximately 25 percent of adults recently treated with antibiotics are colonized with C. difficile. The majority of hospital inpatients infected with C. difficile are asymptomatic13,27. The host and bacterial factors that determine asymptomatic carriage are not clear. It is evident, however, that asymptomatic carriers are an important hidden reservoir of C. difficile, particularly in medical facilities. They shed the organism, contaminate the environment, and perpetuate the chain of infection11,12,13,27,28. Treatment of asymptomatic carriers with vancomycin or metronidazole is not recommended, since neither drug effectively reduces the rate of carriage31. 
C. difficile infection commonly presents as diarrhea that is mild to moderate, sometimes accompanied by lower abdominal cramping. Symptoms usually begin either during or shortly after antibiotic therapy but are occasionally delayed for several weeks. Thus, it is important to ask patients with diarrhea about previous use of antibiotics. In most cases, systemic symptoms are absent, and the physical examination is normal apart from a slight tenderness in the lower abdomen. C. difficile toxins are present in the stool. The results of sigmoidoscopy are frequently normal in patients with mild disease and are therefore of little diagnostic help. The diarrhea often subsides when the antibiotic is stopped, in which case specific treatment for C. difficile infection is unnecessary. 
Severe colitis without pseudomembrane formation may occur with profuse, debilitating diarrhea, abdominal pain, and distention. Common systemic manifestations include fever, nausea, anorexia, malaise, and dehydration. Peripheral-blood polymorphonuclear leukocytosis and increased numbers of fecal leukocytes are common. Occult colonic bleeding may also occur, but frank hematochezia is rare. Sigmoidoscopy usually reveals diffuse or patchy, nonspecific colitis. Patients with clinically overt colitis should be treated with metronidazole or vancomycin to prevent the progression to more severe disease. 
Pseudomembranous colitis, the most dramatic manifestation of C. difficile infection, has a clinical picture similar to that of C. difficile colitis without pseudomembranes, except that diarrhea, abdominal tenderness, and systemic symptoms tend to be more marked when pseudomembranes are present. Sigmoidoscopy or colonoscopy reveals characteristic adherent yellow plaques that vary in diameter from 2 to 10 mm (Figure 2). The intervening mucosa typically appears normal or only mildly erythematous. In patients with severe disease, however, the plaques may coalesce to cover large areas of the mucosa. The rectum and sigmoid colon are typically involved, but in approximately 10 percent of cases, colitis is confined to the more proximal colon and therefore may be missed during sigmoidoscopy32. 
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	Figure 2. Colon Specimen Obtained during a Colectomy in a Patient with Pseudomembranous Colitis. 

Characteristic raised, adherent yellow plaques that vary in size from 2 to 10 mm are visible on the colonic mucosa. The intervening mucosa is hyperemic but not ulcerated. 



	


 
Patients with C. difficile colitis occasionally present with an acute abdomen and fulminant, life-threatening colitis33. Such patients are acutely ill, with lethargy, fever, tachycardia, and abdominal pain. Colonic muscular tone may be lost, resulting in toxic dilatation or megacolon -- conditions that are also seen in patients with ulcerative colitis. The development of a paralytic ileus and colonic dilatation can result in a paradoxical decrease in diarrhea. Palpation of the abdomen reveals distention and marked tenderness. The presence of rebound tenderness raises the possibility of colonic perforation and peritonitis. An abdominal radiograph may reveal a dilated colon and paralytic ileus (Figure 3A) or possibly even free air in association with colonic perforation. There is often substantial mucosal edema of the colon, which may be evident as "thumbprinting" on an abdominal film (Figure 3B) or as marked thickening of the colonic wall on a computed tomographic scan (Figure 4). The diagnosis is confirmed by a history of recent antibiotic use and the presence of C. difficile toxins in the stool. In general, sigmoidoscopy or colonoscopy should be avoided in fulminant colitis because of the risk of perforation, but proctoscopy, with minimal insufflation of air, may be a useful diagnostic tool. Prompt therapy with metronidazole or vancomycin may control the colitis and avert perforation. Improvement should be evident within 48 to 72 hours. It is important to realize, however, that medical therapy is not always effective, and surgical intervention (usually a subtotal colectomy with a temporary diverting ileostomy) can be lifesaving in advanced or refractory cases34. 
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	Figure 3. Plain Abdominal Radiographs Showing Abnormalities in Patients with Severe Pseudomembranous Colitis. 

In Panel A, colonic dilatation is evident, with loops of dilated small intestine indicating a paralytic ileus. In Panel B (courtesy of Joseph T. Ferrucci, Jr., M.D.), thumbprinting (arrows) signifies marked colonic mucosal edema.. 
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	Figure 4. Computed Tomogram of the Abdomen in a Patient with C. difficile Colitis. 

Marked thickening of the colonic wall can be seen in the sigmoid (lower arrow) and descending (upper arrow) colon. 



	


 
Laboratory Diagnosis 

The laboratory diagnosis of C. difficile infection depends on the demonstration of C. difficile toxins in stool. The stool-cytotoxin test is a tissue-culture assay based on the induction of cell rounding by C. difficile toxin B in stool filtrate. This assay is the gold standard because of its high sensitivity (94 to 100 percent) and specificity (99 percent)35,36. A few picograms of toxin B is sufficient to induce the rounding of cultured cells, and the specificity of the assay is established by the addition of specific neutralizing antiserum. Since there is no apparent clinical correlation between stool levels of toxin B and the severity of the disease, the results are reported simply as positive or negative. A stool culture for C. difficile is a less efficient method of establishing a laboratory diagnosis, since some strains of C. difficile are nontoxicogenic. Isolation and identification of toxicogenic and nontoxicogenic strains are largely limited to epidemiologic studies examining patterns of cross-infection37. 
Several rapid immunoassays for the detection of C. difficile antigens or toxins are now commercially available. The latex-agglutination test is used widely but has poor sensitivity (48 to 59 percent) and specificity (95 to 96 percent)35,38. This test was designed to detect C. difficile toxin A in the stool but instead recognizes another bacterial protein present in nontoxicogenic strains of C. difficile and other nonpathogenic clostridia39. More recently, several enzyme immunoassays have been introduced that detect toxin A or toxin B in stool samples with good sensitivity (69 to 87 percent) and specificity (99 to 100 percent)35,36,38. 
Although the stool-cytotoxin test remains the most sensitive and specific assay available, it is expensive and requires overnight incubation of samples. The commercial enzyme immunoassays are quicker, do not require specialized training of laboratory personnel, and provide reasonable sensitivity and specificity at a lower cost. The latex-agglutination test is not recommended because it yields too many false negative and false positive results. 
Treatment 

The first step in managing diarrhea and colitis in association with confirmed or suspected C. difficile infection is to discontinue antibiotic therapy, if possible. Patients with mild diarrhea may not require any other treatment. Specific therapy aimed at eradicating C. difficile is used if symptoms are severe or persistent or if antibiotic therapy cannot safely be discontinued. Metronidazole is the drug of first choice, and vancomycin is reserved for patients who cannot tolerate or do not have a response to metronidazole. Several other agents are available for the management of refractory or recurrent disease8. 
Initial Therapy 

Oral metronidazole (250 mg four times a day) and oral vancomycin (125 mg four times a day) are equally effective in treating diarrhea caused by C. difficile infection40,41. Symptomatic improvement can be expected within 72 hours, and diarrhea and colitis resolve completely in more than 95 percent of patients after 10 days of treatment (Table 2). 
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	Table 2. Treatment Options for C. difficile-Associated Diarrhea and Colitis. 
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Vancomycin at low concentrations (<5 µg per milliliter) destroys C. difficile, and its pharmacokinetic properties are ideal for the treatment of C. difficile colitis, since the drug is not appreciably absorbed or metabolized but is excreted unchanged in the stool. Metronidazole, in contrast, is readily absorbed in the upper gastrointestinal tract, and systemic side effects can occur, notably nausea, a metallic taste, and a reaction to alcohol like the one patients have with disulfiram. Metronidazole-resistant strains of C. difficile have been isolated, and there are even reports of diarrhea induced by metronidazole. Despite these theoretical and clinical disadvantages, metronidazole is preferred because it costs much less than vancomycin40,42. When oral vancomycin is prescribed, many hospital pharmacies economize by using the parenteral solution, since vancomycin capsules are particularly expensive (approximately $5 per 125-mg dose). 
Patients who cannot tolerate oral medication because of ileus or recent abdominal surgery can be effectively treated with intravenous metronidazole. Excretion of the drug into bile and exudation from the inflamed colon result in bactericidal levels in the feces43. Intravenous vancomycin should not be used, since marked excretion of this agent into the gastrointestinal lumen has not been demonstrated44. 
Like vancomycin, bacitracin is active against C. difficile isolates and minimally absorbed in the gastrointestinal tract. It is expensive, however, and in clinical trials the response rate to bacitracin therapy was 83 percent, and the relapse rate 34 percent (Table 2)41. Thus, bacitracin is more costly and less effective than metronidazole and cannot be considered a first-line agent for the treatment of diarrhea caused by C. difficile infection. 
Treatment of Recurrent Diarrhea from C. difficile Infection 

A substantial proportion of patients (10 to 20 percent) have a relapse of diarrhea from C. difficile infection when the initial therapy is discontinued (Table 2)45. Possible reasons for a relapse include a failure to eradicate the organism from the colon or reinfection from the environment, both of which may be related to the formation of antibiotic-resistant C. difficile spores. A relapse usually occurs within one to three weeks after the termination of initial therapy, and further antibiotic therapy is not required to precipitate a relapse. The diagnosis of recurrent diarrhea from C. difficile infection should be confirmed by a stool-toxin assay. It is not necessary, however, to test patients routinely for persistent C. difficile infection, since many of those who continue to have positive toxin tests after therapy never have a symptomatic relapse. 
Metronidazole or vancomycin therapy may not be necessary for mild symptomatic relapses, since they often resolve spontaneously. This conservative approach makes a subsequent relapse far less likely. A second course of metronidazole is advised for patients with more severe or persistent diarrhea or overt colitis. There is no clear rationale for using vancomycin as a treatment for relapses after metronidazole therapy, since the development of antibiotic resistance is not usually the cause of a relapse. Almost all relapses respond promptly to treatment with metronidazole or vancomycin. Unfortunately, however, further relapses are common once therapy has been discontinued, and some patients have numerous attacks. Various approaches have been suggested for the management of repeated relapses, including a slow tapering of vancomycin therapy,46 the use of rifampin47 or cholestyramine,48 bacteriotherapy with fecal enemas49 or oral administration of nontoxicogenic C. difficile,50 and treatment with the yeast Saccharomyces boulardii51. However, recurrent diarrhea from C. difficile infection has not been thoroughly studied in controlled trials, and the best therapeutic approach is not known. 
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