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Nothing to Disclose



Large clostridial toxins and 
species

Voth DE and Ballard JD. Clin Microbiol Rev.  2005;18: 247–63



Clostridium sordellii and black 
tar heroin, California, 1999-2000

Kimura AC et al. Clin Infect Dis 2004; 38:e87–91



Clostridium spp. infections in tissue 
allograft recipients (N=14), 1998-2002
• Demographics

– Median age 32
– 10 (71%) were male

• Tissues
– 9 tendon (hemipatellar)
– 4 bone (femoral condyle)
– 1 cartilage (medial meniscus)

• Outcomes
– One death (23 y.o. male)
– All others required antibiotics, joint irrigation, debridement
– 10 required allograft removal, 3 required joint replacement

• Microbiology
– 12 C. septicum
– 1 C. sordellii
– 1 C. bifermentens

Kainer MA et al. N Engl J Med 2004;350:2564-71.



Clostridium spp. infections in tissue 
allograft recipients and tissue bank A

Kainer MA et al. N Engl J Med 2004;350:2564-71.



How do Clostridium spp. contaminate 
human cadavaric (or infect living) 

muskuloskeletal tissues?

Pre-mortem
ingestion

Peri- or 
Post-mortem
TranslocationPre- or post-

mortem
direct innoculation



How do Clostridium spp. contaminate 
human cadavaric (or infect living) 

muskuloskeletal tissues?

Pre-mortem
ingestion

Is there also a 
role for in vivo
translocation with
latent infection or
colonization?Pre- or post-

mortem
direct innoculation



Incidence of clostridial contamination in 
donors' musculoskeletal tissue

• 795 consecutive donor tissues cultured
– Surgical excision of tissues
– Samples of blood and bone marrow

• 64 (8.1%) had Clostridial spp.
– 52 blood
– 37 marrow
– 30 tissue
– 8 were positive in tissue only!
– C. sordellii most common!

Malinin TI et al. J Bone Joint Surg Br. 2003 Sep;85(7):1051-4



Factors associated with clostridial
contamination in donors' 
musculoskeletal tissue

• Death by drowning (P=0.02)
• Longer interval between death and 

excision (P<0.001)
– Median 16 hours, 10 minutes in cases
– Median 11 hours, 10 minutes in controls

Malinin TI et al. J Bone Joint Surg Br. 2003 Sep;85(7):1051-4



Clostridial toxic shock syndrome in 
medical or spontaneous abortion (n=8), 

2001-8
• Characterized by rapidly progressive shock with 

abdominal pain, hypotension, and tachycardia
• Necrotizing endometritis
• Immunohistochemical stain positive for 

Clostridium spp.
• PCR of formalin fixed tissues positive for C. 

sordellii (n=6) or C. perfringens (n=2)
• 7 cases fatal

– 1 non-fatal, C. sordellii infection was negative for 
Lethal toxin (TcsL)

Fischer M et al. N Engl J Med 2005;353:2352-60
Cohen AL et al. Obstet Gynecol 2007;110:1027–33)



Clostridial toxic shock syndrome in 
medical or spontaneous abortion (n=8), 

2001-8
• 6 cases associated with mifepristone and 

mesoprostol induced abortion
– 5 with intravaginal mesoprostol

• All 6 C. sordellii cases in western U.S. states
– 5 on pacific coast
– Not in proportion to regional practice of medical 

abortion
• C. sordellii cases associated with typical:

– Lukemoid reaction
– Edema and pleural effusions
– Hemoconcentration

Fischer M et al. N Engl J Med 2005;353:2352-60
Cohen AL et al. Obstet Gynecol 2007;110:1027–33)



Where did the Clostrium spp. 
originate to cause necrotizing 

endometritis?
• Vaginal/Cervical colonization?

• In vivo deposition of spores in uterine 
myometrium?

• Is there a predilection for either of these 
forms of colonization/latent infection in the 
western United States?



Clostridial myonecrosis

Tsokos et al. Int J Legal Med. 2007; Aldape MJ et al. Clin Infect Dis 2006; 43:1436–46



Role for in vivo seeding in clostridial
myonecrosis: illustrative case

• Healthy 4 y.o. boy with closed transverse fracture of arm
• Placed in cast, sent home
• Returned in 24 hours with pain and swelling

– Muscle compartment pressures elevated
– Hand “blackened”

• Volar fasciotomy of superficial and deep compartments
– Cultures positive for C. sordellii

• Condition worsened post-operatively
– Underwent second limb-sparing surgery

• Patient died with typical C. sordellii toxic shock

Aldape MJ et al. Clin Infect Dis2006; 43:1436–46



• Healthy 37 y.o. man fell off a ladder
• Observed for small skull fracture and intracranial bleed
• Developed intermittent fever and confusion on day 3

– Blood culture positive for C. perfringens
• Rising serum creatinine kinase suggesting myonecrosis
• Complaint of right shoulder pain

– X-ray: subcutaneous emphysema
• Underwent surgical debridement on day 7 of admission
• Surgical cultures grew C. perfringens
• Recovered well post operatively

Lanting B et al. Clin Ortho and Rel Res 2007;461:20–24

Role for in vivo seeding in clostridial
myonecrosis: illustrative case



Clostridial myonecrosis following 
closed trauma: illustrative cases

Lanting B et al. Clin Ortho and Rel Res 2007;461:20–24



Evidence for latent clostridial
colonization in muscles of horses
• 52 horses undergoing euthanasia for non-

infectious reasons
• Asceptic surgical excision of neck muscle
• Anaerobic broth culture of muscle and skin 

swab (control)
– 16 Clostridium spp. from 10/52 horses
– 3 C. perfringens, 3 C. sporogenes, 3 C. 

butyricum, 2 C. botulinum, 2 C. clostridiforme, 
2 C. histolyticum, 1 C. glycolicum

Vengust M et al. Equine Vet J. 2003:35;514-6



Dissemination of C. novyi to liver 
of guinea pigs and sheep

• “Well known” that livers of sheep become
– “Latently infected” with C. novyi
– Associated with grazing in contaminated fields

• Experimentally fed C. novyi spores 
– 1 X 106 in guinea pigs (N=42)
– 5 X 106 in sheep (N=8)

Bagadi HO and Sewell MH. Res Vet Sci. 1974: 17; 179-181



Dissemination of C. novyi to liver 
of guinea pigs (N=42)

Bagadi HO and Sewell MH. Res Vet Sci. 1974: 17; 179-181



Dissemination of C. novyi to liver 
of sheep (N=8)

Bagadi HO and Sewell MH. Res Vet Sci. 1974: 17; 179-181



From McDonald LC, et al. Emerg Infect Dis. 2006;12(3):409-15 and unpublished CDC data

National Estimates of US Short-Stay Hospital 
Discharges with C. difficile as First-Listed 

or Any Diagnosis, National Hospital Discharge 
Survey
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National Estimates of US Short-Stay Hospital 
Discharges with C. difficile as First-Listed 

or Any Diagnosis, National Inpatient Sample

Elixhauser, A. (AHRQ), and Jhung, MA. (Centers for Disease Control and Prevention). Clostridium Difficile-Associated Disease in 
U.S. Hospitals, 1993–2005. HCUP Statistical Brief #50. April 2008. Agency for Healthcare Research and Quality, Rockville, MD. And unpublished data
http://www.hcup-us.ahrq.gov/reports/statbriefs/sb50.pdf 



Yearly Clostridium difficile–related mortality by listing 
on death certificates, United States, 1999–2004.

From Redelings MD, et al. Emerg Infect Dis. 2007;13:1417-1419.
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Public reporting in Ohio, 2006
Relative importance of long-term care setting

• Approximately 14,100 cases
– Hospital onset

• ~5,000 initial cases; 7–8 per 10,000
patient-days

• ~1,200 recurrent cases; 1–2 per 10,000 
patient-days

– Long-term care facility onset
• ~4,800 initial cases; 2–3 per 10,000

patient-days
• ~3,100 recurrent; 1–2 per 10,000 patient-days

Ohio Department of Health. http://www.odh.ohio.gov/alerts/cdiff1.aspx



Outcomes of CDI
in setting of endemic disease

Dubberke ER, et al. Clin Infect Dis. 2008;46:497-504.
Dubberke ER, et al. Emerg Infect Dis. 2008 ;14:1031-8.

• Excess costs
– $2,380 to $3,240 per index hospitalization
– $3,797 to $7,179 inpatient costs over 180 days of 

follow-up
• Other outcomes

– 2.8 days attributable excess length of stay
– 19.3% attributable readmission (180 days)
– 5.7% attributable mortality (180 days)
– More likely discharged to long-term care



Attributable increased mortality from 
CDI may extend out many months 

Dubberke ER, et al. Emerg Infect Dis. 2008 ;14:1031-8



Current human epidemic strain of 
C. difficile

• BI/NAP1/027, toxinotype III
• Historically uncommon, now epidemic
• Change in behavior coincident with strain 

becoming more resistant to 
fluoroquinolones

• Carries extra toxin known as binary toxin
• Polymorphism in toxins A and B regulatory 

gene (tcdC) and increased toxin production
in vitro



Increased toxin B production in vitro

IQR=interquartile range.
Adapted from Warny M, et al. Lancet. 2005;366:1079-1084

In vitro production of toxins 
A and B by C. difficile
isolates. Median 
concentration and IQRs are 
shown. C. difficile strains 
included 25 toxinotype 0 
and 15 NAP1/027 strains 
(toxinotype III) from various 
locations.



States with BI/NAP1/027 strain of C. difficile
(N=40), October, 2008
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The epidemiologic 
forces impacting all multidrug resistant 

organisms including C. difficile

Transmission Antibiotic Pressure



C. difficile-associated disease pressure*
and transmission

Unit A
Fewer patients with active CDI

=lower risk of acquiring CDI

Unit B
More patients with active CDI
=higher risk of acquiring CDI

CDAD pressure
=1 × days in unit

CDAD pressure
=5 × days in unit

*Dubberke ER, et al. Clin Infect Dis. 2007;45:1543-1549.



Days of parenteral antibiotic use 
in U.S. hospitals (N=130), 2002-3

Antibiotic: Mean days of use (+ SD) per 1,000 patient days
Cefazolin 94.3 +27.7

Levofloxacin 74.9 +55.8

Gatifloxacin 52.1 +48.6

Ceftriaxone 62.9 +35.9

Vancomycin 52.7 +26.6

Piperacillin-tazobactam 42.7 +28.5

Metronidazole 32.8 +15.4

Azithromycin 18.0 +14.8

Ciprofloxacin 13.5 +16.3

Clindamycin 22.3 +10.8

Polk RE, et al. Clin Infect Dis. 2007 Mar 1;44(5):664-70. 



CDI in previously low-risk populations

• 10 Pregnant women
• 23 Generally healthy persons in the community
• Cases without precedent antimicrobial use

Centers for Disease Control and Prevention. MMWR Morbid Mortal Wkly Rep. 2005;54:1201-1205.



Cases of severe
pregnancy-associated CDI

• 10 Cases* 
– Only three with prior hospitalization
– One without antimicrobial exposure
– Six prepartum, three of four postpartum 

cases within 1 week of delivery 
– Six required intensive care unit for toxic 

megacolon
• Two with evidence of NAP1

– Five required colectomy
– Three maternal deaths, three fetal losses

Rouphael NG, et al. Am J Obstet Gynecol. 2008; Jun;198(6):635.e1-6. 
*Data from Ghai S, Ghai V, Sunderj S. Obstet Gynecol. 2007;109(2 Pt2):541-543;
and CDC. Morbid Mortal Wkly Rep. 2005;54:1201-1205.



Recommendations for surveillance
of Clostridium difficile infection

Admission Discharge

< 4 weeks

HO-HCFA 

4-12 weeks

CO-HCFA Indeterminate CA-CDI

Time 

48 h > 12 weeks

*

HO: Hospital (Healthcare) onset
CO-HA: Community Onset Healthcare-associated
CA: Community Associated

* Depending upon whether patient was discharged within previous 4 weeks, 
CO-HA vs. CA

CDAD Surveillance Working Group. Infect Control Hosp Epidemiol 2007; 28:140-145



Clostridium difficile–associated Disease (CDAD) cases
N = 1046

Healthcare facility–onset Healthcare 
facility-associated (HO-HCFA)

N=584 (56%)
(Including 142 with onset in another HCF)

Community Onset

**Excluded:
Prisoner: 8            Out of State:20            Bone Marrow Transplant: 17            Hemodialysis:29

Community Onset
Healthcare facility-

associated
(CO-HCFA )

Indeterminate Community Associated 
(CA)

N= 462 (44%)

40 (4%)94 (9%) 208 (20%)

Unknown Excluded**

46 (4%) 74 (7%)

Adapted from Kutty PK, et al. Infect Control Hosp Epidemiol. 2008;29:197-202.
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Community onset CDI relative to  
previous discharge, North Carolina, 2005

(N=348) 

//
*

* 184 (48%) had a time lapse of more than one year

//

Adapted from Kutty PK, et al. Infect Control Hosp Epidemiol. 2007;29:197-202.



Centers for Disease Control and Prevention. MMWR Morbid Mortal Wkly Rep. 2008;57:340-3.



CDI in piglets
• < 7 days of age, “scouring from birth”

• pasty, yellow colonic contents; constipation; 
obstipation

• Mesocolonic edema; suppurative foci in 
colonic lamina propria; volcano lesions

• Apparent increase or emergence around the 
year 2000

• Little evidence to support link to antimicrobial 
use

Slide courtesy of J. Glenn Songer



Epidemic animal strains share characteristics 
with the human epidemic strain

Characteristic
Human 

Standard 
Strains

Human 
Epidemic 

Strain

Porcine 
Epidemic 
Strains

III

027

NAP1

+

18 bp

65 aa

V

078

NAP7 & NAP8

+

39 bp

61 aa

Bovine 
Strains

Toxinotype

PCR ribotype

PFGE pattern

Binary toxin

Deletion in tcdC

TcdC protein

0

001 and others

<80% related 
to NAP1

_

_

233 aa

V

078

NAP7

+

39 bp

61 aa

Keel K, et al. J Clin Microbiol. 2007;45:1963-1964.



Toxin production in BK/NAP7-8/078 
(Toxinotype V) relative to other strains

Jhung MA, et al. Toxinotype V Clostridium difficile in humans and food animals. Emerg Infect Dis. 2008 
Jul;14(7):1039-45 



Human CDI caused by strains similar to 
animal epidemic strains, 2001–2006
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Jhung MA, et al. Toxinotype V Clostridium difficile in humans and food animals. Emerg Infect Dis. 2008 
Jul;14(7):1039-45 



ToxV (BK/NAP7-8/078) strains;
historically rare among hospital isolates, 

recently more common
Tox V Isolates

10/6000

10/600

6/125

Jhung MA, et al. Toxinotype V Clostridium difficile in humans and food animals. Emerg Infect Dis. 2008 
Jul;14(7):1039-45 

Time
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2006



Clostridium difficile in retail
ground meat, Canada

A. Rodriguez-Palacios, H. R. Stämpfli, T. Duffield, and J.S. Weese

March 2007



Animal
-to-

Animal

Toxinotype
V

Ribotype
078

Patient
-to-

Patient

Toxinotypes
0, III, others

Ribotypes
001, 027,
others

Animal Production
Facilities

Healthcare
Facilities

?Environmental Sources?

Community-
Associated 

Human
Disease

Responsible
Strains?

? ?
?

How should we interpret finding similar 
C. difficile strains in food producing 

animals and humans?

? ?



Toxinotypes represented among
CA-CDI isolates, N=92

20%

10%

1%

8%

2%2% 4%
1%

52%

O
III
V
VIII
IX
X
XII
XIV/XV
Other

Limbago BM, et al. Second International Clostridium difficile Symposium, June 6-9, 2007; Maribor, Slovenia.



Summary
• Clostridum spp. myonecrosis may arise from 

previously unapparent sources related to low 
oxygen tension
– Allograft related
– Spontaneous and induced abortion
– Closed, blunt trauma

• Rates, mortality, and costs associated with CDI 
continue to increase
– Due to emergence of a hypervirulent, highly 

fluoroquinolone, resistant epidemic strain
• CDI becoming more notable in previously low-risk 

populations
– Some without traditional risk factors

• Ecological evidence for animal to human 
transmission of C. difficile
– BK/NAP 7-8/078 and other strains?
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