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Why? 
From 2000 to 2013 
 
Rising resistance patterns were detected in: 
  
• Bacteroides and Parabacteroides spp. to cefoxitin/cefotetan, β-lactam/ β -lactamase inhibitor 

combinations and clindamycin, 
 
• in non-difficile Clostridium spp. to moxifloxacin,  
 
• in Prevotella spp. to penicillins. 
 

Reports of carbapenem and metronidazole resistance in the B. fragilis group 
 
Conclusion: Resistance is changing but in general increasing = unpredictable 
 

Boyanova et al. Anaerobe. 2015. 



How?    

• Agar dilution 
 
• Broth (micro) dilution 

 
• Gradient strips 

 
• (Disk diffusion) 
 

The phenotypic methods 



Agar dilution (gold standard) 

0.125 mg/L 0.25 mg/L 0.50 mg/L 

Metronidazole susceptibility testing of Bacteroides fragilis group isolates 

Nagy et al. Clin Microbiol Infect. 2018 in press. 

CLSI M11-A8 
 



Broth (micro) dilution 

Commercial assays are available, however … 
 
… a caveat in the CLSI guideline: 
 
”until further studies are performed to validate this procedure for 
testing other organisms, it should be used only for testing members of 
the B. fragilis group.” 
 

CLSI M11-A8 
 



Gradient strips 

Expensive 
 
Problems with performance 
and warnings concerning 
specific agents  
 
 

Bacteroides fragilis   
ATCC 25285 



EUCAST MIC breakpoints 

Skriv her … 
 
Skriv her … 
 
Skriv her … 
 

“Disk diffusion criteria for antimicrobial susceptibility testing of anaerobes have not yet been defined ...” 



Disk diffusion 

Why has it not worked before? 
 
Lack of standardization? 
 
Testing too many different species at the same time? 
 
 
 
Anaerobic bacteria are a very diverse group of bacteria 



Disk diffusion 

We have tried the Brucella Blood Agar (BBA),  
but was deemed OUT 
  
 - only one product worked 
 



Fastidious Anaerobe Agar (FAA) 

 
 
Add 5% fresh mechanically defibrinated horse blood 
 
- guest appearance by Erika just after this presentation 

 
 



Could the Fastidious Anaerobe Agar be IN? 

Pilot study simultaneously performed in Cardiff (Wales), Växjö 
(Sweden) and Odense (Denmark) 
 

• Same batch of agars and disks  
• Inoculum (1 McF) 
• Atmosphere (80% N2, 10% CO2 and 10% H2) 
• Temperature (37°C) 
• Incubation time (24 h) 

 
Testing QC strains and measuring zone diameters 
 



Reading zones is a central issue 

From 
reading: 
the outer-
most-
outer zone 
edge 

… to reading:         
the most obvious 
zone edge ??? 



Baby steps 



Other variables to test 
• Agar depth 
• From fridge or room temperature (for how long) 
• With or without plastic (humidity)                                         
• Homemade or ready to use agar plates 
• FAA powder from different manufacturers 

 
• Atmosphere: Anaerobic workstation, gas generating envelopes and the Anoxomat 

 
• Temperature: 35 °C or 37 °C 

 
• Incubation time: 16 – 20 h or 24h 

 
• Disk potencies: clindamycin 10 µg and piperacillin-tazobactam 75/10 µg and 100/10 µg 

The FAA 



”The work” by Herjan Bavelaar 

Dedicated young Dutch clinical microbiologist in training 
 
Almost 24/7 for 9 months 
 
Systematically testing the different variables with  
different QC strains representing a wide spectrum of anaerobic bacteria  
at the EUCAST development laboratory in Växjö 

 
QC strains: Bacteroides fragilis, Clostridium difficile, Clostridium perfringens, Fusobacterium necrophorum, 
Peptostreptococcus anaerobius, Prevotella melaninogenica 

 



Poster P0160 

Session: Antimicrobial susceptibility testing by disk diffusion 
 
Title: Development of a EUCAST disk diffusion method for rapidly 
growing anaerobic bacteria using fastidious anaerobe agar (FAA) 
 
Herjan Bavelaar et al. 
 



Skriv her … 
 
Skriv her … 
 
Skriv her … 
 

5

10

15

20

25

30

35

40

45

50

55

60

Fresh Fresh week 1 Fridge week 1 Fresh week 2 Fridge week 2 Fresh week 3 Fridge week 3 Fresh week 4 Fridge week 4

zo
n

e
 d

ia
m

e
te

r 

agar type 

CLI 2

MER 10

MOX 5

MTZ 5

PTZ 30-6

VAN 5

Peptostreptococcus anaerobius ATCC 27337 



Peptostreptococcus anaerobius ATCC 27337 

Skriv her … 
 
Skriv her … 
 
Skriv her … 
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Poster P0161 

Session: Antimicrobial susceptibility testing by disk diffusion 
 
Title: Performance of a new EUCAST disk diffusion method using 
fastidious anaerobe agar (FAA) for clinical Bacteroides fragilis group 
isolates 
 
Herjan Bavelaar et al. 



Skriv her … 
 
Skriv her … 
 
Skriv her … 
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Inhibition zone diameter (mm) 

Metronidazole 5 µg vs. MIC 
Bacteroides spp., 141 clinical isolates 

32

16

8

4

2

1

0,5

0,25

0,125



Skriv her … 
 
Skriv her … 
 
Skriv her … 
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Inhibition zone diameter (mm) 

Piperacillin-tazobactam 30-6 µg vs. MIC 
Bacteroides spp., 146 clinical isolates 

≥64 
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Skriv her … 
 
Skriv her … 
 
Skriv her … 
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Inhibition zone diameter (mm) 

Piperacillin-tazobactam 30-6 µg vs. MIC 
Bacteroides fragilis, 90 clinical isolates 

≥64 
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Skriv her … 
 
Skriv her … 
 
Skriv her … 
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Inhibition zone diameter (mm) 

Piperacillin-tazobactam 30-6 µg vs. MIC 
Bacteroides non-fragilis, 56 clinical isolates 

≥64 
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Skriv her … 
 
Skriv her … 
 
Skriv her … 
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Inhibition zone diameter (mm) 

Piperacillin-tazobactam 30-6 µg vs. MIC 
Bacteroides spp., except B. thetaiotaomicron  

122 clinical isolates 
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The method so far 
• Fastidious Anaerobe Agar (FAA) with 5% horse blood 
• Inoculum (1 McF)  
• Atmosphere (80% N2, 10% CO2 and 10% H2) 
• Temperature (36±1 °C) 
• Incubation time (16-20 h) – for clindamycin 40-44 h to detect all resistance 

 
Deviation from EUCAST standard disk potencies:  
 - clindamycin 10 µg for the B. fragilis group (standard is 2 µg ) 
 
 



QC – B. fragilis ATCC 25285 

Zone diameter targets and ranges are in preparation 
 
 



Future plans and perspectives  

Multicentre study to evaluate the method with the B. fragilis group 
 - and defining zone diameter breakpoints 

 
Next species/genera to include:  
• Clostridium perfringens and other Clostridium spp. 
• Fusobacterium necrophorum  
• Prevotella spp.  
• Cuti(Propioni)bacterium acnes 
• GPACs (Gram positive anaerobic cocci) 
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