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Genre Clostridium

Bacilles a Gram positif

Anaérobies stricts

AAF AnS AS micreA

Sporulés

Kayser, Medical Microbiology (2005)



Spore = Forme de résistance

CORE: resistance to heat, UV radiation, gamma radiation,

DNA hydrogen peroxide, formaldehyde and other biocides

INNER MEMBRANE:
impermeability to biocides

GERM CELL WALL: ?

CORTEX: resistance to biocides

OUTER MEMBRANE: permeability
barrier to biocides?

COAT: resistance to peroxynitrite,
hydrochlorite,0zone, hydrogen peroxide,
lysozyme, other biocides and mechanical

resistance
EXOSPORIUM: adherence and

biocide protection

Resistance to disinfectants

High Resistance

Prions (oo, ese)

Coccidia (crytosporigium spp)

Bacterial endospores (gacifus spp. Clostridium difficie)
Mycobacteria (wyesbacterium tuberculosis, autum, terrac)

Cysts (Giardio, Taenia spp)

Small non-enveloped viruses (polisvirus)
Trophozoites (canthamoeba spp)

Gram-negative bacteria (pseudamanas sap, Escherichia ol
Fungi (including fungal spores) (aspergiius spp, Condida spp)
Large non-enveloped viruses (adenovirus)
Gram-positive bacteria (suphylocacess spp, Enterococcus spg)
Large lipid enveloped viruses fu, kav)

Low Resistance

Cogliati et al., JBB 2016



Taxonomie

Search: clostridium (368 results)

¥ genus (14)

| Clostridium 154 espéces B

| Paraclostridium 2 espeéces (dont P. bifermentans) —
| Paeniclostridium 2 espéces (dont P. sordellii)

|"Peptoclostridium" Sequance ity ot ot

| Peptoclostridium 2 espéces

| Petroclostridium 1 espéce

|"Lachnoclostridium"

|"Pseudoclostridium"

|"Ruminiclostridium"

| Ruminiclostridium 7 espéces
| Thermoclostridium 2 espéces
| Hungateiclostridium
|"Massilioclostridium"
|"Erysipelatoclostridium"

» species (342) Chuster X1a

» subspecies (12)

+ Hungatella hatewayi

LPSN.dsmz.de ; Cruz-Moralis et al., GBE 2019



Espéces d'intéret médical

TABLE

2461 Clostridial Species Commonly Associated with Human Disease

Species

Tissue Infections
C. perfringens
C. ramosum

C. septicum

C. sordellii

C. bifermentans
C. tertium

C. sphenoides
C. baratii

C novyi

C. histolyticum
Intoxications
C. difficle

C. botulinum
C. tetani
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Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes

FogE £8EEEE88¢ ¢

Mandell 7th edition (2010)



Diagnostic microbiologique

Coloration de Gram variable selon :
- I'espece :

r r‘, 1/\/. W
: IA?(} "MAV %

B e %

C. perfringens

C. ramosum

- I'age des cultures :
Les especes du groupe RIC (C. ramosum-C. innocuum-C. clostridioforme) peuvent
apparditre Gram négatif en culture jeune

Mandell 7th edition (2010)



Diagnostic microbiologique

Croissance rapide (24 h) en anaérobiose ..ousous 5 % de CO,

C. tertium

C. perfringens C. septicum (C. histolyticum, C. carnis)

Identification souvent fiable avec la spectrométrie de masse MALDI-TOF

MCM 11th edition (2015)



Sensibilité aux antibiotiques

Généralement sensibles aux pénicillines, céphalosporines (sauf C. difficile),
glycopeptides et métronidazole

Résistances naturelles :

Clostridium spp. - Eubacterium spp. - Peptostreptococcus spp. : colistine, polymyxine B.

Clostridium aldenense, Clostridium boltae, Clostridium citroniae . fluoroquinolones dont moxifloxacine.
Clostridium clostridioforme : téicoplanine, dalbavancine, ramoplanine, fluoroquinolones dont moxifloxacine.
Clostridioides difficile : céphalosporines.

Clostridium innocuum : céfoxitine, vancomycine (bas niveau), daptomycine.

Clostridium lavalense : vancomycine (vanB).

Clostridium ramosum : céfoxitine, levofloxacine, et bas niveau pour vancomycine, linézolide et ramoplanine.
Hungatella hathewayi (ex C. hathewayi) : céphalosporines de 3™ génération, fluoroquinolones dont moxifloxacine.

+ R aux aminosides, sulfamides et triméthoprime

MCM 11th edition (2015)



Sensibilité aux antibiotiques

C. innocuum :

- R naturelle de bas niveau a la
vancomycine (CMI = 8-32 mg/L)

- S ala téicoplanine (CMI = 0,25-1
mg/L)

MCM 11th edition (2015)



Sensibilité aux antibiotiques

Antimicrobial agent (LSI MIC breakpoint Species
(ug/ml)*

Susceptible Intermediate® C bifermentans C dostridioforme C difficile C perfringens C ramosum C septicum C. sordellii C. tertium

Ampicillin® 05 1 100 67 26 100 100 100¢ 100 100
Amoxicillin- 42 8/4 100 75 100 100 100 100 100¢
clavulanate
Piperacillin- 32/4 64/4 100° 100 100 100 100
tazobactam
Ticarcillin 32 64 100 100 100 100
Clindamycin 2 4 100 90 56 100 82 100° 94 100°
Vancomycin 8 16 100 100 100 100 100 100 100 100
Imipenem 4 8 1004 94 100 100 100
Linezolid 2 4 100 86 91 100 12 100 100°
Metronidazole 8 16 100 100 100 97 98 1004 95 100
Trimethoprim- 32 64 0 100 26 4 57 100° 0 0°

sulfamethoxazole

- Résistance a la pénicilline G, a I'amoxicilline et a la pipéracilline par production de f-
lactamase (mise en évidence par nitrocéfine) décrite pour quelques souches de C.
butyricum, C. clostridioforme, C. ramosum et C. innocuum

- Geéne vanB2 décrit chez plusieurs souches de C. boltae, C. innocuum et H. hatewayi

Stevens et al., Anaerobe 2012 ; CA-SFM/EUCAST 2021



Infections chez 'homme

Ckzstrdmarm

Human disease(s) Clostridial species  Human disease(s)
Foot infection’ Clastridium ghrcolicurn ' Wound infections, bacteremia, brain abscess, peritonitis
Chronic osteitis®
Bacteremia®, botulism®, lung abscess? Clostridium hathewayi  Appendicitis, bacteremia, visceral abscess
Endocarditis’, bacteremia’, visceral abscesses®, Clostridium neonatale | Neonatal necrotic enteritis*
pneumonia and empyema’, panophthalmitis* Clastridiurmn novyi Gas gangrene and other infections associated with
Bacteremia, necrotizing fasdiitis, visceral injection-drug users, bacteremia, visceral abscess®,
wound infection N T MR ARacam ocular infection®, myocarditis*
Botulism (flaccid paralysis) Clostridium Bacteremia', necrotizing enterocolitis'’, pneumonia,
paraputrificurn mycotic aneurysm"™
Clostridium perfringens \ Antibiotic-associated diarrhea®, infectious diarrhea, gas
Botulism*, neonatal necrotizing enterocolitis®, sepsis* (also known as gangrene, food poisoning, necrotic enteritis
Bacteremia®, visceral abcess®, reactive arthritis®, Clastridium welchii)
pleural empyema’ Clastridium ramosum Bacteremia', visceral abscesses, spondylodiscitis®, gas
e gangrene™, renal infection®
Visceral abcess*s Clostrndium septicurm™ ) Gas gangrene'’, endocarditis’, baceternia’, visceral
abcess™, osteomyelitis’*, mycotic aneurysms™,
Gas gangrene*! necrotizing fascitis™
Intra-abdominal infection, skin infection, foot infection’ [Ckstuhamndaﬁ ] Bacteremia, gas gangrene, toxic shock syndrome,
soft-tissue infection, endophthalmitis®,
Antibiotic-associated diarrhea, pseudomembranous o ' M.' penumonia®
colits, osteomyelitis*, small bowel infection’, Clostrndiumn spiroforme  Diarrhea®
bacteremia®, visceral abscesses®, prosthetic device Clastridium tertium Gas gangrene®, bacteremia’, septic arthritis*,
infections*, reactive arthritis* visceral abscess*
Septicemia®, soft tissue infection® Clastridium tetani Tetanus (spastic paralysis)

Mallozzi et al., FM 2010



TOA da anaérobies stricts

Table 3. Isolates from anaerobic joint infections.

Table 1 Isolation of organisms from anaerobic in

26 children osteomyvelitis

Anaerobic isolate No. of cases
Bacteroides fragilis 20
Bacteroides species 18
Fusobacterium necrophorum 75
 Fusobacterium species 20
Other unidentified gram-negative bacilli 19
Clostridium perfringens 6
Clostridium species 7
Propionibacterium acnes 10
Anaerobic diphtheroids or corynebacteria 71
Peptococcus magnus 13
Peptococcus species 88
Peptostreptococcus species and anaerobic 5

streptococci

Total 356

Organism
(total number )

Peptostreptococcus sp. Anaerobic cocci (29)

V. parvulla (1)
Clostridium sp. (4)
Fusobacterium sp. (8)
Bacteroides sp. (2)

Pigmented Prevotella & Porphyromonas sp. (12)

P. oralis (3)

B. fragilis group (4)
S. aureus (3)
Streptococcus sp. (5)
E. coli (2)

E. corrodens (1)
Total

Nakata & Lewis, RID 1984 ; Brook, PR 2002



IOA a C. perfringens

Table1 Characteristics and outcome data of 8 patients with bone and jont infection due to Clostridium perfringens according to the antibiotic regimen
Patient Age’sex Comorbadities Chinical form Sites Bactenia Number of mtraoperative Antibiotic regimen Duration of Outcome
C perfringens
Case 1 66M  Duabetes, heart failure  Osteosynthetic Ti0-S1 C. perfringens 3 Chindamycin + Rifampicin 12 weeks Cured
Staphviococcus
epidermudis
Case2 58M  Tobacco use, chronic  Osteosynthetic Femur C. perfringens 2 Clindamycin + Rifampicin 12 weeks Cured
akcoholism device mfection Staphyiococcus
aureus
Case3 78M  Chronic respiratory Osteosynthetic Hip C. perfringens z Chndamycmn + Rifampicn 4 weeks Deceased
discase, device mfection Candida albicans + Fluconazole
Chronic renal failure,
heart falure
Case4 76F  Hyperiension Osteosynthetic Hip C. perfringens 1 Levofloxacin + Metronidazole 12 weeks Cured
device mfection
Case 5 70M  Diabetes Prosthetic joint Hip C perfringens 4 Clindamycin + Rifampicin 8 weeks then 4 weeks  Cured
nfection then Metromidazole Total
duration = 12 weeks
Case 6 86M  Active cancer Prosthetic joint Hip C. perfringens 5 Cotnmoxazole + Levofloxacin + 4 weeks then 8 weeks  Cured
mfeection Proteus vulgaris Metromdazole Total duration
Finegoldia magna then Clindamycin only =12 weeks
Peptoniphilus harei
Case7 34M  HIV, cirhosis Chronic Radial C. perfringens 3 Metronidazole 7 weeks Cured
osteomychits bone
Case 8 67M  Active cancer, stroke, Chronic Femur C. perfringens 1 Amoxiallin-clavulame 6 weeks Cured
chronic respiratory osteomyelitis Staphylococcus aureus aad + Rifampicn
discase
Visse et al., ETCMID 2021



IOAP a Clostridium spp. (autres que C. perfringens)

Case 1 Case 2 Cse 3 Case 4 CGse 5 CGse 6 Case 7 Case 8
References 1995 PronB. ex al 1999, McCarthy | 2007, Morshed S, 201 1. Burnell CD. 2012, Economedes 2013, CumisL et al, 2013, Ranganath S, 2013. Ths case
Eur } Qin Microbiol et al_ ] infect [4) et al_ ] Arthroplasty et al ] Asthroplasty DM, et al BMC Surg Infect |5 Midturi JK. Am |
Des [3] 114) 115] Infect Dis [16) Med Sai 16
Qaosmidium spp C difficie C difficile C cadgveris C septicum C septicum C difficile C. difficile C. difficile ]
Patent age and sex 16-year-oid man 83 -year-old 60-year-old 87-year-old T74-year-old man 61-year-old 47-year-old 61-year-old man
woman woman woman woman woman
Manifestanon Delayed (16 Delayed (12 Delayed (9 months Late (11 years Later) Early postoperative Early postoperative Early postoper ative Early postoper aive
months Later) months Lter) ater) (2 weeks later) (3 months laxer) (1 week Lter)
Ske of prosthesis Knee Hp Hip Knee Knee Knee Shouilder Hip
Origin of infecion Latrogenic After antibiotic- No informanion Assocaton with Associagon with Surgical proceds Cont. on Hematogenous
contarmnation associated diarthea gasoomestiinal Exsuoantestinal or hematogenous from the spread wa
malgnances malgnances spread from an environment or intestmal
FSympltomatic hematogenous transiocaton
colon spread via
ntestmal
transiocanon
Soft nssue Local mflammanon Tendemess and Swellng erythema Swelhng and Acute swellng and Tenderness and Tendermess and Purulent discharge
swellng over the and warmth warmth redness swelhing mild erythema of the wound
sufure hine over ying the yount
Commorbedities Osweosarcoma of Nosocomaal Metastanc breast Castroentestinal Colon cancer: NoO CC rindmies Hypothyrosd HIV-1, CMmvV
the fermur and pneumonia, C cancer malgnancy: adenocaranoma alcoholx hepantis, disease. diabetes
recent diffiale-assocated adenocarcinoma manjuana melbtus
chemotherapy. darrhea
closed fracoure of
hs paredla
Bacterermia No No No No Yes No No Yes
Diarrhea No Yes No No No No No No
Type of surgical (1) Exzermal Revision of the hip Debridement and (1) Knee (1) krigation, syn- Removal of her Surgical Retention with
treXment arthrotomy and removal prosthesis debndement ovectomy. second artificial debndement with debndement
with dranage retention (2) Remowal of the debridement knee complete removal
(2) Remowval of the prosthesis and poly- of the hardware
implant ethylene
exchange
(2) Aggressive
debndement
with remowval of
implants
Antibsotcs used Amaosacilin/ Metromdazoke PemalknG/ Cefazoliny Vancoowyan/ Pperaciim- Vacomyan/ Vancomyany
omidazole/ cefazolin/ metronidazoie penilln C @zobactam/ metrondazole mewondazole
nfampacn/ cindamyan metronsdazole
Incomyan /penilin
C
Outcome Amputaton Successful Successful Died of her Reinfected total Amputation Unknown Successfid after two
underying discase knee arthropasty 9 year of follow-up

months later

Brassinne et al., Anaerobe 2014



IOA a especes rares de Clostridium

Ford MMedical Case Reports. 020,82 %6258

. OMCR
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CASE REPFPORT

Infection of a prosthetic knee joint with Clostridiurm

bifermentans
Lisa F. Barrett, DO?'-", Sailaja Devi Saragadam?, Christina N. DiMaria, DO and
Alejandro Delgado-Daza, MID®

Abstra

Seminars in Arthritis and Rheumatism 45 (2016) 617-620

Septic arthritis due to Clostridium ramosum

Antonio Garcia-Jiménez, MD?, Niiria Prim, MD, PhD", Xavier Crusi, MD",
Natividad Benito, MD, PhD“-**

BMJ Case Rep 2015. doi:10.1136/bcr-2014-209169

Reactivation of Clostridium tertium bone infection
30 years after the Iran—Iraq war

Emilie Virot,' Elvire Servien,'? Frederic Laurent,'?3 Tristan Ferry,'%3 on behalf of the
Lyon Bone and Joint Infection Study Group

The Journal of Arthroplasty Vol. 22 No. 2 2007

Case Report

Clostridium cadaveris Septic Arthritis after Total Hip
Arthroplasty in a Metastatic Breast Cancer Patient

Saam Morshed, MD, MPH.,* Farbod Malck, MDD, *
Robert M. Silverstein, MD. T and Richard J. O'Donnell, MDD+

Anaerobe 48 (2017) 56-58

First described case of prosthetic joint infection with Clostridium
disporicum
Joseph A. McBride ", Alana K. Sterkel ¢, William M. Rehrauer °, Jeannina A. Smith *

Anaerobe 56 (2019) 46-48

Case report
Native joint septic arthritis due to Clostridium tarantellae

Aurélie Cointe ™ °, Gauthier Péan de Ponfilly *, Anne-Lise Munier ©, Marwa Bachir ,

Hanaa Benmansour ¢, Anne-Claude Crémieux ¢, Marine Forien ¢, Aline Frazier ¢,
a, b

Elie Krief ', Emmanuelle Cambau *", Hervé Jacquier °
Anaerobe 57 (2019) 32-34
Case report

Clostridium septicum arthritis in a young infant: A case report

Pragati Grover °, Kiran Bala *, Jayashree Muralidharan °, Archana Angrup *°, Pallab Ray*

Anaerobe 45 (2017) 138-141

The first human clinical case of chronic osteomyelitis caused by
Clostridium hydrogeniformans

Jun Hirai %", Daisuke Sakanashi ”, Ji Young Huh ¢, Hiroyuki Suematsu °,
Mao Hagihara °, Hideo Kato °, Yuka Yamagishi ™, Jiro Fujita *, Hiroshige Mikamo "



Ostéomyélites a Clostridium spp.

Table 1. A summary of published cases of Clostridial osteomyelitis

Faprex Clostricdlivinm sprecies Tyvpre Of inufection No. of cases
MNMormeneo Bavo et al Clostridiunm celerecrescenes Fractoure related indec tion 1
2020
Trempr et al. 2020 Clostridium sprpe Fracture related infection 1
Clostridliva Datyvricunn Fracture related indection 1
Vijavvargiva <t al Clostridiun praragpruatrif oo Seprtic arthuaitis aned osteomvelitis 1
2019
AAbusnina «t al. 2019 Clostrodium SpProrogeties Orsteomvelitis 1
Flivai et al. 2017 Clostriddium hyvdrogeniformmares Fracture related indec tion 1
Pesrkins «t al. 2017 Clostriddium sphenoides Fracture srelated indection 1
MNMutoh et al. 2015 Clostricdlitanms ArasoC i Osteomvelitis 1
Virot et al. 2015 Clostricddiunm tertiven Orsteomyvelitis 1 31 CGS
Ivmvoulklhuwanl et al Clostridliumm spp Fracture related indection 12
2012
Mischmik et al. 2011 Clostridium celerescens Fracture related indec tion 1
Tavior et al. 2010 Clostridditigm argentinweise Fracture related indec tion 1
Tiang <t al. 2009 Clostriddium glveolicunn Fracture related e tion 1
Tekava «t al. 2008 Clostriddiumm Clostriddinformane Vertebwal osteomivelitis 1
Kihiczak et al. 1999 Clostridiumm septicu Osteomvelitis 1
Shetty ot al. 1998 Clostricdlitim s pticuna COsteomvelitis 1
Scanlan «t al. 1994 Clostriddium ifermwentans COrsteomvelitis 1
Spritzer et al. 1991 Clostricliumm clostricdiitormawe COrsteornvelitis 1
Brook «t al. 1993 Clostricdliun s> Bosw intection” 1
Nedimnkin «t al. 1985 Clostricdditvimy seprticunnn COrsteommnvelitis 1

Corrigan et al., J Bone Joint Infect 2020



Ostéomyélites a C. celerecrescens

Rev Esp Cir Ortop Traumatol. 2020;64(4):281-285

A review of difficult-to-treat post-traumatic 5 cas d'ostéomyélites post-traumatiques a C. celerecrescens
osteomyelitis: Role of Clostridium celerecrescens” Espece non identifiée par MALDI-TOF (ARNr 165S)

Antibiothérapies complexes
S. Mormeneo Bayo™*, . Ferrer Ceron®, P. Martin Juste®, J. Lallana Dupla®, . P mp .
M.l. Millan Lou®, J.M. Garcia-Lechuz Moya® Persistance au cours du temps :

fomilin - 4 cin + Met zok
Ertapenem de-secabated Topical Vancomycin  Cefoxitin + Daptomycin ronidazcie

Dalbavancmn « (miolerance| Dabavanon + Amox-clav
;0’9\10”05”" Imipenem Doxycycline (8 weeks) Daptomycmn + Amox-clav (12 woeks)
— Metronidazole Hyparbaric chambar  Silver sulfadiazine dressings

Reduction and Detridement Removal of nail Dedbrgement Wound cleaning Removal of external

Shlamuasry Flushing Debrigement every 48h fixer g Armlais

naling C. celerecrescens External fixer C. celerecrescensf] Pseudoarthrosis site ya— RS dracha

Lalota C. celerecrescens reosteOsINtesIs
VAC resection
C. celerecrescens LISS plate
August 2016 September2016 December 2016 January 2017 March 2017 April 2017 May 2017 February 2018
Road traffic Right thigh Deep abscess and Fistula Purulent wound
accident abscess osleomyelitis

Open, bilateral
diaphyseal femur fracture

Figure 1  Course of disease caused by Clostridium celerecrescens in post-traumatic osteomyelitis.

Mormeneo Bayo et al., RECOT 2020



Ostéomyélites a C.

celerecrescens

Reference Age/sex Source Microbiological findings MIC (pg/mL) Antibiotic treatment Result
Underlying
disease
Perkins et al.® 20/H. None Grade |l fracture C. sphenoides (MALDI), C. Penicillin =3 1. Trimethoprim-sulfamethoxazole, Cure
of right radius and celerecrescens (16S rRNA) and C. cephalexin, and Clindamycin (with no
ulna sphenoides (SM) improvement)
Piperacillin (only if 2. Vancomycin and ampicillin/sulbactam
specified as S)
Vancomycin= 1.5 3. Daptomycin and
Piperacillin/tazobactam
Daptomycin= .25 4. Ampicillin/sulbactam (6 weeks)
Clindamycin=256 5. Amoxycillin-clavulanic acid (3 months)
Metronidazole (only if
specified as S)
Mischnik et al.? 55/M. DM, PAD, In 2000, grade m 2000: spore-forming bacteria Amoxycillin- 2009: Cure
alcoholism open fracture of (with no more information) clavulanic
tibia acid =2
2001: MSSA Clindamycin =2 1. Cefuroxime iv (1500 mg 3 times/day)+
Metronidazole iv (400 mg 3 times/day)
for 15 days
Following 8 years with no Imipenem = 2 2. Topical clindamycin
symptoms
2009 and 2010: C. clostridioforme Metronidazole=.06 3. Non-specific oral therapy for 6 weeks
(APIl), C. sphenoides (MALDI-TOF)
and C. celerecrescens (165 rRNA)
2010:
Cefuroxime (1500 mg, 3
times/day)+Metronidazole (400mg, 3
times/ day)
Bouvet et al.? 20/H. None Traumatic wound C. clostridioforme (rapid 32A Amoxycillin- 1g amoxycillin + clavulanic acid, 3 Cure
chopping wood strips) and C. celerecrescens (16S clavulanic times/day for 7 days
rRNA) acid= .75
Moxifloxacin= .38
Vancomycin= 1.5
Glazunova et al.” 45/H Open femur First Enterobacter cloacae was Not specified Ciprofloxacin (500mg = 3, 3 times /day) Cure
fracture after a isolated. One month later, and ceftriaxone (2 g/day) for E. cloacae
fall Eubacterium limosum was Sulfamethoxazole (800mg < 6/day),
identified with the API-20A trimethoprim (160mg =< 6/day),
galleries Clindamycin (600mg =< 2/day) and
Identified as C. celerecrescens by Metronidazole (250mg = 2/day) for C.
16S rRNA testing celerecrescens
Mormeneo Bayo et al. 30/F Open fracture of femur Lelliottia amnigena + Clostridium spp. Penic_:il_li|_1 =4 Ertaperjem then Ievofloxa(_:in; Imipenen‘_m +
after a car crash Ampicillin <4 metronidazole; Dalbavancin + doxycycline;
AMC <4 TZP = 16 Cefoxitin + daptomycin + metronidazole; Daptomycin +
Imipenem = 8 AMC; Dalbavancin + AMC

Metronidazole <4
Clindamycin >256
Vancomycin = 0.5

Mormeneo Bayo et al., RECOT 2020



Conclusion

-TOA a Clostridium spp. rares

-Croissance généralement facile en
24 h sous anaérobiose

-Bactéries souvent multi-sensibles
aux ATB

-Résistances naturelles et acquises de
certaines especes

-Diagnostic quelque fois délicat (ex.
C. celerecrescens)

-Infections persistantes (spores) —->
rechutes aprés plusieurs années



