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• Work at the National Microbiology Laboratory (NML) located in Winnipeg, MB 
Canada.

• NML is the federal reference centre for infectious diseases in Canada.

• Head-Special Bacteriology Laboratory

• We study rare, unusual or novel bacterial taxa, using  molecular as well as conventional
methods.

• Co-chair a Canadian MALDI User’s group (CMUG).

• Run annual national challenge test for 16S and/or MALDI-TOF testing (in hiatus during 
pandemic).

DISCLOSURES: None.

Introduction & Disclosures
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1. Criteria used to discern which  Corynebacterium species are more often  
pathogens rather than commensals, when recovered from clinical materials.

2. Brief review of different identification methods, including MALDI-TOF.

3. Antimicrobial susceptibility test methods used.

4. Describe which species are usually multidrug resistant (MDR), from a large 
collection of Canadian Corynebacterium isolates.

Objectives
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• If recovered from sterile body fluids, e.g. ≥ 2  blood cultures, CSF, synovial, 
vitreous fluids.

• Predominant organism from aseptically collected specimens (e.g. deep tissues, 
implanted prosthetic devices, other).

• Detected/recovered as sole or predominant agent in some pneumonias.

Corynebacterium: When are They ‘Relevant’?

a) _____________________________________________________________________

b) Bernard. K. 2019 Chapter 29. Coryneform Gram-Positive Rods in Manual of Clinical Microbiology 12th ed, pg. 488-
524 ASM Press Washington, DC.

c) Diez-Aquilar et al 2013 Eur J Clin Micro Inf Dis 32:769-772
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• If predominant (≥ 105 CFUs / ml) organism or sole organism (≥104 CFUs /ml) 
from urine [suggestive of C. urealyticum, other].

• Significant pathogen, from special patient population e.g., 
immunocompromised,  IV drug users, homeless.

• Recovery of clinically-relevant Corynebacterium spp.  has/will increase as 
immunocompomised population increases.

When Clinically Significant- Continued

_____________________________________________________________________

Bernard, K 2019 MCM 12th ed Ch 29 pg 488-524.
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• Successful in vitro recovery may require  lipid supplementation.1

• If ID based on phenotype testing alone (e.g., API Coryne), ID can be
ambiguous/ inaccurate.2

• Molecular: 16S & rpoB sequencing (=‘gold standard’; definitive ID).3

• Whole Genome Sequencing: WGSs exist  for most species in genus (for at least 1 
strain).4

Methods for ID - Corynebacterium spp.

_____________________________________________________________________

1Bernard, K 2019 MCM 12th Ch29 pg 488-524.
2 Bernard, 2012 JCM 50:3152-58.
3 Bernard, 2012 JCM 50:3152-58.
4 https://www.ncbi.nlm.nih.gov/genome/?term=Corynebacterium.
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• Following species not well resolved by 16S alone1 (and may not be resolved unambiguously by 
MALDI):

1. C. afermentans, C. coyleae, C. mucifaciens (<2%).

2. C. aurimucosum,C. minutissimum, C. singulare (<2%).

3. C. propinquum,C. pseudodiphtheriticum (<1%).

4. C. sundsvallense, C. thomssenii (<1.5%).

5. C. ulcerans, C. pseudotuberculosis (<2%).

6. C. xerosis, C. hansenii, C. freneyi (<2%).

7. C. ureicelerivorans, C. mucifaciens (<1.5%).

Identification of Corynebacterium spp.

_____________________________________________________________________ 

1% identity of species to each other shown; unambiguous resolution likely if    > ~1% differences observed between taxa; if not, retry using 
rpoB sequencing 
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• IDs in commercial databases becoming increasingly accurate (Vitek MS, 
Bruker).

• Many taxa FDA / HC ‘approved’.

• IDs usually but not always unambiguous – both systems can give ‘split ID’ for 
close taxa.

• Use of MALDI systems’ accurate & rapid IDs help redirect to efficacious 
treatment (serve antibiotic stewardship goals).

MALDI-TOF Systems Widely Used

_____________________________________________________________________

Barberis et al 2014 PLOS ONE 9:e106303;  Bernard, 2012 JCM 50:3152-58; Peel et al 2015 Diag Micro Inf Dis 81: 163-8; 
Suwantarat et al 2016 Am J Clin Pathol 145:22-28
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Clinical Relevance by Species 
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• MALDI Systems will accurately ID C. diphtheriae (as will other systems-e.g. API Coryne).

• MALDI: probably “correctly” ID C. ulcerans & C pseudotuberculosis (confirm by rpoB seq).

• Several new taxa to consider- nitrate neg taxa:

o C. belfantii, for nitrate negative strains of C. diphtheriae (formerly biovar belfanti).1

o C. rouxii, Nearly identical to C. belfantii, best distinguished by WGS.2

o C. diphtheriae subsp lausannense3 essentially identical to C. belfantii.

Diphtheria Toxin Producers

_____________________________________________________________________

1 (2018 Dazas et al IJSEM 68:3826-3831)
2 (2020 Badell Res Micro 171 122-127, list 195, 2020)
3 (2018, Tagini, Front Micro Aug 2018, list 185 (2019) 
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• FYI, MALDI Systems ID nitrate negative taxa as C. diphtheriae.

• Recover any of these species, recommend diphtheria toxin testing at reference 
centre.

• PCR triage done for tox genes; if positive, followed by test for toxin (ELEK test).

• MALDI has made detection of C. diphtheriae & close taxa rapid, simple; 
recovery now more ‘commonplace’.1

Diphtheria Toxin Producers

_____________________________________________________________________

1(2019 Bernard, K. et al. CCDR 45 (11) 296-301)
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*If isolate is PCR negative, 
ELEK testing is not required 
(WHO Collab Centre for 
Diphtheria Guidelines 2015; 
PCR positive but ELEK 
negative = ‘non-toxigenic’, 
these may be called ‘Non-
toxigenic, tox gene-bearing 
(NTTB) strains’

ELEK Test for Expression of Diph Tox, if PCR Positive*

neg

Strong

pos

Patient

strain

Weak 
Pos

Strong

pos

Patient 
strain

Photo Provided by Kathryn Bernard.
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• “Classic” diphtheria: 0-5 case/year (US, Canada/ economically wealthy 
countries).

• C. ulcerans (occasionally C. diphtheriae) can be found in both humans & 
animals.

• Cu, Cd: isolates can be passed between human to pet OR pet to human OR pet 
to pet.

• C. pseudotuberculosis found in farm animals, very very rarely passed to 
humans.

• Non-toxigenic isolates can occasionally cause infection in susceptible 
populations.

_____________________________________________________________________

Bernard, 2012 JCM 50:3152-58; 2019 Bernard, K. et al. CCDR 45 (11) 296-301)

Diphtheria Toxin Producers
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Clinical Relevance of Species Which do not
Produce Diphtheria Toxin 
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• As of Jan 21, 2021: 123 species in genus.1 

• Of these, ~41% species recovered from human infections at least 1x (& not in 
animals to date).

• ~9% species are zoonotic agents (found in humans and animals, or transfer
suspected from animal to human, including C. diphtheriae, C. ulcerans, and C. 
pseudotuberculosis, other).

• ~50% species solely from animals, birds or environment.

_____________________________________________________________________

1 ref: LPSN, http://www.bacterio.net/corynebacterium.html and IJSEM on line

Review of the Genus Corynebacterium

http://www.bacterio.net/corynebacterium.html
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A-C C. accolens*, C.afermentans ss afermentans; ss lipophilum*, C. ammoniagenes, C. 
appendicis*, C. aquatimens*, C. argentoratense, C. atypicum, C. aurimucosum, C. auris, C. 
belfantii, C. confusum, C. coyleae

D-J  C. durum, C. falsenii, C. fournieri, C. freneyi, C. gottingenese (also in environment), C. hansenii, 
C. imitans, C. jeddahense (human stool only)

K-O C. kroppenstedtii (*), C. lipophiloflavum (*), C. lowii*, C. otitidis (formerly Turicella otitidis), 
C.macginleyi*, C. massiliense, C. matruchotii, C. minutissimum, C. mucifaciens, C. 
mycetoides, C. oculi* 

P-S C. pilbarense, C. propinquum, C. pseudodiphtheriticum, C. pyruviciproducens, C. resistens*, C. 
riegelii, C. rouxii, C. sanguinis (also in environment), C.simulans, C. singulare, C. sputi*, C. 
stationis, C. striatum, C. sundsvallense

T- Z C. thomssenii, C. timonense, C. tuberculostearicum* contains many CDC group G strains), C. 
tuscaniense,  C. ureicelerivorans*, C. xerosis

_____________________________________________________________________

* lipophilic sp

Validly-named Corynebacterium Species N= 123 Species N=122, LPSN]
Group 1. (N=51) Found to Date ONLY IN HUMANS (Jan. 2021)



ASM.org |  18

C. amycolatum
C. bovis*
C. canis@

C. diphtheriae biovars gravis, mitis, intermedius* 
C. freiburgense@

C. glucuronolyticum
C. jeikeium*
C. kutscheri
C. pseudotuberculosis
C. ulcerans
C. urealyticum*
_____________________________________________________________________

1C. belfantii, C. rouxii may possibly affect both animals and humans, but shown here as affecting humans, previous slide
*species is lipophilic 
@presumed to be transmitted from animal to human, but not as yet recovered from animal, only from human after dog bite

Group 2.  Found in BOTH HUMANS AND ANIMALS, With/ 
Without Evidence of Zoonotic Transmission1 (N=11, Jan 2021)
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A-L: C. anserum, C. aquilae, C. atrinae, C. auriscanis, C. callunae, C. camporealensis, C. capitovis, C. 
casei, C. caspium, C. choanae, C. ciconiae, C. crudilactis, C. cystidis, C. deserti, C. doosanense, 
C. efficiens, C. endometrii, C. epidermidicanis, C. faecale, C. felinum, C. flavescens, C. 
frankenforstense, C gerontici, C. glaucum, C. glyciniphilum, C. glutamicum, C. 
guangdongense,  C. halotolerans, C. humireducens , C. lactis, C. liangguodongii,  C. 
lubricantis

M- Z: C. marinum, C. maris, C. mastitidis*, C. mustelae, C. nasicanis, C. nuruki, C. pelargi, C. 
phocae, C. pilosum, C. pollutisoli, C. pseudopelargi, C. renale, C. silvaticum (closely related to 
C. ulcerans), C. sphenisci, C. spheniscorum, C. suicordis, C. suranareeae, C. tapiri, C. 
terpenotabidum, C. testudinoris, C, trachiae, C. ulceribovis, C. urogenitale, C. uropygiale*,C. 
uterequi, C. variable, C. vitaeruminis, C. yudongzhengii

_____________________________________________________________________

Species marked with “ * ” are lipophilic or can be lipophilic (*)

Group 3. Validly-named Corynebacterium Species Found Only in 
ANIMALS, BIRDS OR THE ENVIRONMENT (N=60, Jan. 2021) 
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Corynebacterium striatum… Very Hot… 

• 1990s: strains usually susceptible, not MDR; usually commensals.1

• Now, cause of serious infections; usually MDR; obliged to use parenteral drugs.2

• Can become daptomycin resistant.3

• Cause of outbreaks (clonality found using molecular methods).4

• Cause endocarditis, bacteremias, and septic arthritis.5

• Clinically significant from all sites except eyes.6

_____________________________________________________________________

1Martinez et al 1996 AAC 40:2671-2672, Martinez et al 1997 Clin Micro Inf. 3:634-639
2Hahn et al 2016 EID 22:1908-1914
3McElvania-Tekippe et al EJCMID 2014 33:2199-2205; Werth et al 2016 Micro Drug Resis 22:233-237
4Campanile et al 2009 EID 15:75-78; 
5Fernandez-Guerrero 2013 J. Heart Valve Dis 22:428-430;(native value endocarditis)Hong et al 2016 Inf. Chemo 48:239-245; (arthritis) Boltin etal 2009 Eur. J. Int. 
Med. 20:e49-e52
6Bernard,  2019 MCM 12th ed Ch 29 pg 488-524, citing Leal et al.)
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• Species linked to GLM, breast abscesses; cases reported from a number of 
countries.

• Agent also detected: lung, sputa, endocarditis.

• Almost exclusively recovered from women.

• Slower growing, lipophilic, lacks mycolates.

• Evidence compelling, but actual role in GLM or abscess, still not clear.

• Other GPRs also linked to breast abscesses (e.g. anaerobic Lawsonella
clevelandensis).

_____________________________________________________________________

Tauch, Fermendez-Natal and Soriano 2016 Int J Inf Dis 48:33-39; Bell et al 2016 IJSEM 66:2929-2935]

C. kroppenstedtii & Granulomatous Lobular Mastitis 
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• C. jeikeium- wounds, endocarditis, and foreign body.

• C. amycolatum- wounds, foreign body, and bacteremia.

• C. aurimucosum- wounds.

• C. minutissimum- wounds.

• C. tuberculostearicum- bacteremia, endocarditis, and wounds.

• Other Corynebacterium species linked to human disease very rare, 
opportunistic pathogens.

_____________________________________________________________________

Bernard, K 2019 MCM 12th ed Ch 29 pg 488-524

Other Species- Bacteremias/Soft Tissue infections
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• C. urealyticum predominant from UT; other sterile sites.

• C. ureicelerivorans recovered from UTI and also variety of sterile body sites.

• C. aurimucosum.1

• Case by Case: C. coyleae, C. glucuronolyticum, C. riegelii, C. simulans, other.

• Corynebacterium spp usually associated with patients with underlying UT 
pathology, (encrusted cystitis; pyelonephritis, struvite crystals, other).

• UT- Corynes usually lipophilic, urea splitters.

_____________________________________________________________________

1Leal et al 2016, JCM 54:2928-2936, other

Corynebacterium spp. as Unusual Cause of UTIs
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• C. macginleyi predominant.1

• C. propinquum rare cause.2

• C. bovis also implicated.3

• C. lowii and C. oculi linked to ocular infections.

• C. lowii, C. oculi found in Japan & Europe (not so far in the US).4

• First C. lowii case referred to Canadian NML in 2020 from eye infection (not 
published).

• Opportunistic ocular pathogens cited are all lipophilic species. 

_____________________________________________________________________

1 Alsuwaidi et al 2010 JCM 48:3788-3790
2Todokoro et al 2015 JCM 53:3092-95)
3Chow et al 2015, EID 21:1687-1689)
42016 Bernard et al IJSEM 66:2803-2812)

Corynebacterium spp- Rare Cause, Ocular Infections
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• Corynebacterium spp. detected in pure culture from pneumonias: C. 
propinquum, C. pseudodiphtheriticum, and C. striatum.1

Corynebacterium spp.- Rare Cause of Pneumonia

1Bernard, 2012 JCM 50:3152-58 

C. pseudodiphtheriticum
pneumonia, 
direct smear of sputum 
x1000 oil 
[photo courtesy of J. Nigrin, Edmonton]
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Review of charts involving Corynebacterium spp: Were these clinically 
relevant?

• All sites: (MDR) C. striatum (except eyes).

• Sterile sites: (MDRs) C. jeikeium, C. tuberculostearicum.

• Wounds: esp lipophilic spp. often MDR: C. jeikeium, C. tuberculostearicum, C. 
urealyticum, C. kroppenstedtii.

• Urine: C. urealyticum, C. aurimucosum [case by case, C. coyleae, C. simulans].1

_____________________________________________________________________ 

1data from Leal, Jones & Gilligan 2016 JCM 54:2928-36

2016 Study: Pathogen or Commensal?
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For any bacterium:

• If susceptibility not reliably predicted from ID.

• If organism has contribute to infectious process.

• If organism is not uniformly susceptible/(or inherently resistant) to 
antimicrobials.

AST for Corynebacterium spp.

• M45-3 cautions against AST testing for Corynebacterium & allied (habitat skin, 
mucous members) or Bacillus & allied (from the environment) unless “deemed 
relevant”.

CLSI M45-3rd Edition: When to Perform ASTs
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• Data in 2016-2020 similar to that described in CMN article.

• IDs done using 16S and rpoB sequencing, as required.

• API Coryne or PCR used to ID C. diphtheriae only.

AST Methods used at NML: 

• CLSI M45-3rd ed; CLSI 100 2017 (M45-2 for CMN publication).  If susceptible for 
β lactams at 24h, were reincubated; results reported at 48h.  Susceptible 
results for other agents at 24h, if controls OK.

• Lipophilic species could be problematic using BMD, including some C. 
kroppenstedtii, some C. tuberculostearicum.

_____________________________________________________________________

NOTE: PEN & MER breakpoints modified M45-2 to M45-3 (lowered). Some species PEN ’susceptible’ in CMN article would 
now be “I” 

Summary Results from Evaluation of Susceptibility of >500 Corynebacterium isolates
Bernard, K. and A. L. Pacheco Clin Micro News l 37:187-198 (Dec. 2015)
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• Species which were usually or always fully susceptible to all drugs tested 
(N=10):
o C. aquatimens, C. bovis, C. canis, C. imitans, C. kroppenstedtii, C. oculi, C. mastitidis, C. 

matruchotii, C. mucifaciens, C. thomssenii .

• Species usually resistant to only 1 - 2 drug classes (often erythromycin & 
clindamycin, due to presence of ermX gene) (N=11):
• C. accolens, C. ammoniagenes, C. confusum, C. diphtheriae (most strains, all bv) C. lowii, C. 

macginleyi C. riegelii, C. stationis, C. sundsvallense, C. tuscaniense, C. ulcerans.

Species Usually Susceptible / RES to <3 classes



ASM.org |  30

• Species/ taxa “usually resistant” to 3-5 drug classes (MDR, N=10):

o C. coyleae, C. diphtherieae (rare), C. freneyii, C. glucuronolyticum, C. pilbarense, C. 
propinquum, C. pseudodiphtheriticum, C. simulans, C. ureicelerivorans, CDC group F-1.

• Species “usually resistant” to ≥ 6  drug classes (MDR N=8):

o C. afermentans, C. amycolatum, C. aurimucosum, C. jeikeium, C. pyruviciproducens, C. 
resistens, C. striatum, C. tuberculostearicum (includes gr G).

RESULTS: Usually MDR or XMDR Species
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• Clinicians more accurately predict treatment options if precise ID methods 
(MALDI, 16S) used.

• Expect increase in AST requests.

• ~ 34% of Coryne species which affect humans  MDR in Canadian study 
(resistant to ≥ 3 classes).

• Most species usually observed to be MDR can also express mostly 
“susceptible” profile.

• Canadian Coryne spp 100% susceptible to vancomycin, linezolid & nearly all to 
DAP.

• Similar to data found in other countries.

Genus Corynebacterium AST Summary 
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• MDR C. diphtheriae observed in at least:

o Canada (2011 Mina et al J. Clin Micro 49:4003-4005).

o France (1995 Patey et al J. Antimicrob Chemo 36:1108-1110).

o Russia (1999 Gladin et al Antibio I Khimo 44:17-21).

o Brazil (2008 Pereira et al Mem Inst Oswa Cruz 103:507-510).

• Resistance observed usually ERY & CLIN (ermX) but also Trim/Sulf; CIP, 
cephalosporins.

• 2 rifampin resistant strains from same patient found (source sputum, from BC).

MDR Corynebacterium diphtheriae
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• ~17% Canadian C. diphtheriae strains non-susceptible to erythromycin (2015 
CMN 37:187).

• 100% susceptible to penicillin (M45-2A) but most (93%) strains intermediate if 
CLSI M45-3 used/or resistant (if EUCAST breakpoints used).

• MDR can be observed among C. diphtheriae strains in recent years in various 
countries.

• MALDI and other rapid ID tools allowing for better recognition of species by 
front line labs.

C. diphtheriae AST Summary 
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• As well as:

- Deborah Wiebe (ID, AST).

- Tamara Burdz (16S, rpoB seq, ID, AST)

- Other former staff.

- Undergrad COOP students from past 10y.

- We acknowledge that this work has been 
conducted on the historical homelands of 
Treaty One Indigenous & Métis Nations.

Acknowledgements
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Photo Provided by Ana Luisa Pacheco.
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Questions? Contact Us.

Thank You!

• Clinmicro@asmusa.org 

• 202-942-9257

• American Society for Microbiology
• Attn: CPHM Department
• 1752 N Street NW
• Washington, DC 20036


