
®

Endorsed by the  
Association for Hospital 
Medical Education

www.turner-white.com	 Infectious Diseases  Volume 10, Part 3   �

Statement of  
Editorial Purpose

The Hospital Physician Infectious Diseases Board 
Review Manual is a study guide for fellows 
and practicing physicians preparing for board 
exam­inations in infectious diseases. Each man­
ual reviews a topic essential to current prac­
tice in the subspecialty of infectious diseases. 

PUBLISHING STAFF
PRESIDENT, Group PUBLISHER

Bruce M. White

editorial director
Debra Dreger

SENIOR EDITOR
Bobbie Lewis

associate EDITOR 
Tricia Faggioli

EDITORial assistant 
Farrawh Charles

executive vice president
Barbara T. White

executive director  
of operations

Jean M. Gaul

PRODUCTION Director
Suzanne S. Banish

PRODUCTION associate
Kathryn K. Johnson

ADVERTISING/PROJECT director
Patricia Payne Castle

sales & marketing manager
Deborah D. Chavis

Copyright 2007, Turner White Communications, Inc., Strafford Avenue, Suite 220, Wayne, PA 19087-3391, www.turner-white.com. All rights reserved. No part of 
this publication may be reproduced, stored in a retrieval system, or transmitted in any form or by any means, mechanical, electronic, photocopying, recording, or 
otherwise, without the prior written permission of Turner White Communications. The preparation and distribution of this publication are supported by sponsorship 
subject to written agreements that stipulate and ensure the editorial independence of Turner White Communications. Turner White Communications retains full 
control over the design and production of all published materials, including selection of topics and preparation of editorial content. The authors are solely respon-
sible for substantive content. Statements expressed reflect the views of the authors and not necessarily the opinions or policies of Turner White Communications. 
Turner White Communications accepts no responsibility for statements made by authors and will not be liable for any errors of omission or inaccuracies. Information 
contained within this publication should not be used as a substitute for clinical judgment.
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INtroduction

Clostridium difficile−associated diarrhea (CDAD) con-
tinues to be a major problem in hospitals and other 
health care facilities. The emergence of a new strain 
of C. difficile, typed as restriction endonuclease group 
BI, pulse field gel electrophoresis type NAP1, and 
toxinotype III (BI/NAP1), is particularly concerning. 
This strain produces 16 to 25 times the toxin of stan-
dard strains and has been associated with more severe 
disease and increased mortality.1,2 This article reviews 
the pathogenesis, epidemiology, clinical presentation, 
diagnosis, treatment, and prevention of CDAD with an 
emphasis on the new virulent BI/NAP1 strain.

Pathogenesis

First described by Hall and O’Toole3 in 1935, C. diffi-
cile is a spore-forming anaerobic gram-positive rod. It was 
identified as the cause of antibiotic-associated pseudo-
membranous colitis in 1978.4,5 When a susceptible host 
develops altered colonic flora related to contact with 
antibiotics or chemotherapy drugs and is exposed to  
C. difficile by fecal-oral transmission,6,7 acid-resistant  
C. difficile spores pass intact into the disrupted gastroin-
testinal tract where they germinate, proliferate, and re-
lease exotoxins A and B. Vegetative forms can transmit 
infection in achlorhydric patients.8 

C. difficile toxins A and B adhere to receptors on the 
colonic epithelial cell brush border and cause colonic 
damage via inactivation of Rho proteins, resulting in 
actin filament disintegration, cytoskeleton disruption, 
and cell death.9–11 Toxin A also causes intestinal fluid 
secretion and promotes chemotaxis and inflammation 
with resultant pseudomembrane formation.12 Although 
toxin B does not affect permeability, fluid secretion, or 
neutrophil migration, it is more potent than toxin A in 
damaging the human colonic mucosa.13

The recently described C. difficile strain, BI/NAP1, 
demonstrates a 16- to 23-fold increased production of 
toxins A and B compared with historical controls and 

causes more severe disease.1,2 The increased toxin pro-
duction is thought to be secondary to a partial deletion 
in the tcdC gene, a down-regulator of toxins A and B.14 
The BI/NAP1 strain also produces a binary toxin, but 
its role in pathogenesis is unclear.15

The pathologic appearance of the CDAD-affected 
colon ranges from normal to mild hyperemia to scat-
tered ulcerations to diffuse pseudomembrane forma-
tion (Figure 1). Microscopically, when pseudomem-
branes are present, the mucosal surface contains ulcers 
with neutrophilic infiltrates and an overlying pseudo-
membrane (Figure 2).

Epidemiology

C. difficile can be found as part of the intestinal flora 
of 3% of healthy persons and in up to 20% to 40% of 
hospitalized patients. C. difficile has been implicated as 
the cause of 10% to 25% of antibiotic-associated diar-
rhea and 95% of pseudomembranous colitis. C. difficile 
has the ability to sporulate, which allows for its survival 
in a variety of harsh environments.16,17

Over the past 10 years, many centers in the United 
States and Canada have reported increasing incidence 
and severity of CDAD in hospitalized patients. A U.S. 
hospital noted an increase from 6.8 cases/1000 discharg-
es between 1989 and 1999 to 11.6 cases/1000 discharges 
in 2000.18 Hospitals in Quebec reported an increased 
incidence of CDAD from 35.6/100,000 population in 
1991 to 156.3/100,000 in 2003.19 Data from the Centers 
for Disease Control and Prevention revealed that hospi-
tal discharge diagnosis of CDAD increased significantly 
from 31/100,000 population in 1996 to 61/100,000 in 
2003.20 The increased incidence was disproportionately 
higher in persons aged older than 64 years, with approxi-
mately 150 discharges/100,000 population in 1996 to 
more than 300 discharges/100,000 population in 2003. 
In addition, all-cause 30-day mortality following CDAD 
increased from 4.7% in 1991 to 13.8% in 2003, and  
1-year attributable mortality has been reported as high as 
17% in Canadian studies.19,21 Other studies have noted 
lower attributable mortality (1.5%) but elevated all-cause
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