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Susceptibility categories S, I and R (2002 – 2018)

S = a microorganism is defined as susceptible by a level of antimicrobial activity
associated with a high likelihood of therapeutic success.

I = a microorganism is defined as intermediate by a level of antimicrobial agent 
activity associated with uncertain therapeutic effect. It implies that an infection due 
to the isolate may be appropriately treated in body sites where the drugs are 
physiologically concentrated or when a high dosage of drug can be used; it also 
indicates a buffer zone that should prevent small, uncontrolled, technical factors 
from causing major discrepancies in interpretations. 

R = a microorganism is defined as resistant by a level of antimicrobial activity
associated with a high likelihood of therapeutic failure. 
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(1) Uncertain therapeutic effect 
– responsibility of EMA, EUCAST and the company

(2) Concentration at the site of infection  
– responsibility of the clinician (dose, frequency of 
administration, route of administration). 

(3) Buffer for uncontrolled technical factors
- uncertain result is the responsibility of the laboratory 



EUCAST decided …..
• To keep S, I and R but change definitions to point out that

phenotypic AST is quantitative
• To review and revise breakpoints to correspond to the new 

definitions.
• To emphasize the relationship between the concentration of

the antimicrobial agent at the site of the infection (exposure) 
AND the breakpoints for categorisation (S, I and R). 

• To task clinical laboratories with the responsibility for 
uncertain laboratory results, irrespective of origin and to 
identify and form strategies for difficult areas.
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New definitions of S, I and R from 2019
S - Susceptible, standard dosing regimen: A microorganism is categorised as 
Susceptible, standard dosing regimen, when there is a high likelihood of 
therapeutic success using a standard dosing regimen of the agent. 

I – Susceptible, increased exposure: A microorganism is categorised as 
Susceptible, Increased exposure* when there is a high likelihood of 
therapeutic success because exposure to the agent is increased by adjusting 
the dosing regimen or by its concentration at the site of infection. 

R - Resistant: A microorganism is categorised as Resistant when there is a 
high likelihood of therapeutic failure even when there is increased exposure.Stockholm 2019
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SIR – new definitions 2019
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Susceptible, increased exposure
• Change from oral to intravenous
• Increase the individual dose
• Increase frequency of dosing (for some agents)
– Long or continuous iv infusion of betalactams

• Pharmacokinetics of some agents, eg. concentration
in urinary tract
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Increased exposure
Significantly increased exposure gains 1 – 3 MIC-dilutions:

- Benzylpenicillin vs. S. pneumoniae S<0.06 R>2 mg/L (many dilutions)
- Piperacillin-tazobactam vs. Enterobacterales S<8 R>16 mg/L (one dilution)
- Ceftazidime vs. Enterobacterales S<1 R>4 mg/L (two dilutions)
- Meropenem vs. Enterobacterales S<2 R>8 mg/L (two dilutions)
- Ciprofloxacin vs. Enterobacterales S<0.25 R>0.5 mg/L (one dilution)

Exposure cannot be increased – no I-category
- Gentamicin vs. Enterobacterales S<2 R>2 mg/L 
- Vancomycin vs. Staphylococci S<2 R>2 mg/L 
- Colistin vs. Enterobacterales S<2 R>2 mg/L 
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EUCAST – dosing and administration of
antibiotics and the relationship to breakpoints. 



Konsekvenser
• Flera I-kategorier avskaffas 

– Om man inte tydligt kan öka exponeringen av bakterien ges ingen 
I-kategori 

• Flera nya I-kategorier introduceras. 
– För vissa arter måste antibiotika ges så att högsta möjliga 

exponering av mikroorganismen alltid garanteras. De får i 
resistensbeskedt aldrig ett ”S”. 

• I-kategorin som metodologisk buffert är avskaffad.
– Ökar ansvaret på laboratoriet och tillverkare av material och 

apparater.
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Pseudomonas in Table 2020
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BUT…

Previous New SIR for WT

Pseudomonas in Table 2020



Information till kliniker
• Ni har 2020 på er. De nya brytpunkterna markerade i 

”mörkgrönt” inför ni ett datum mellan den 1 jan och den 31 
dec 2020.
Var tydliga till vården när ni inför förändringen.
Skicka med en kommentar på alla svar.

• Prio 1: infektionsläkare informeras i god tid. De måste 
hjälpa er att föra ut kunskapen till resten av vården

• Prio 2: primärvård – skriftlig och muntlig information
NordicAST hjälper till.
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AST is the responsibility of the laboratory

• Some tests have problems with aminoglycosides, others with
trimethoprimsulfa

• Some types of tests will not cope with some agents/bacteria (vancomycin, 
colistin, fosfomycin)

• Some agents are difficult (piperacillintazobactam, colistin, vancomycin…)
• Some devices are generally problematic.
• Material from some manufacturers is problematic

• EUCAST helps to identify problematic areas. 
• Daily QC helps identify problems
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Materials and devices
• Disks 
• Media (powders)
• Gradient tests (cave several - EUCAST Warnings)
• Media (prepoured, commercially distributed)
• Semiautomated devices (Vitek2, Phoenix, 

MicroScan etc)
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S. pneumoniae vs. benzylpenicillin MIC 1 – 4 mg/L
Broth microdilution vs. Gradient tests

Below target
(%)

On target
(%)

Above target
(%)

Etest, BD MH-F 63 37 0

Etest, Oxoid MH-F 89 22 0

Etest, consecutive 81 17 3

MTS, BD MH-F 89 11 0

MTS, Oxoid MH-F 100 0 0

French data (Etest) 
(MICs from  WT to 2 mg/L)

70 25 5
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Gradient test MICs* from other laboratories vs. EDL BMD

0.03 0.06 0.125 0.25 0.5 1 2 4 8
0.03 1
0.06 1 3 5 1
0.125 1 2
0.25 3 1
0.5 1 4 4 3 1
1 1 4 11 6
2 1 6 6 1
4 1
8
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PCG BMD

>2 dilutions lower 3
2 dilutions lower 10
1 dilution lower 32
Identical 18
1 dilution higher 3
2 dilutions higher 2
>2 dilutions higher 0

* Most likely Etest

66 % below target
27 % on target
7 % above target



Warning
Determination of benzylpenicillin MIC in Streptococcus pneumoniae using gradient tests.
• EUCAST benzylpenicillin breakpoints in Streptococcus pneumoniae are S≤0.06 mg/L, R>2 mg/L. Isolates which are screen 

positive (with the oxacillin 1 µg disk) have MIC-values above 0.06 mg/L and are either “Susceptible, increased exposure”, in 
which case dosing can be related to the MIC value, or resistant (R>2 mg/L), in which case these should not be treated with 
benzylpenicillin.. Laboratories must be able to perform correct MIC determination on screen positive isolates and this is 
never more important than in the area 0.5 – 4 mg/L.

• Following questions from NEQAS, EARS-Net and EUCAST participants, the EDL 
investigated the accuracy of benzylpenicillin gradient tests (EtestTM, MTSTM; 
M.I.C.ETM not available on the market) where broth microdilution was used as the 
reference. The gradient tests were found to be fairly accurate among wild type 
isolates (S≤0.06 mg/L), but for isolates with higher MIC-values both EtestTM and 
MTSTMsystematically underestimated MIC-values by one or more dilutions. In the 
area around the R-breakpoint (0.5 – 4 mg/L), and with some variation between 
the MH-media used and the two tests, 0 – 37% of values were on target, 63 – 100 
% were below target and 0-10 % of the values above the target value. Conclusion: 
EtestTM and MTSTM systematically underestimate benzylpenicillin MIC-values in 
the important area close to the R-breakpoint.
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ATU

The Area of Technical Uncertainty
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Most AST is unproblematic
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BUT, sometimes there is a need to “warn” laboratory staff! 

• variation in the method
• variation in the interpretation

• Breakpoint splits wild type (mostly avoided by EUCAST)
• Breakpoint splits an important resistant population 

(piperacillintazobactam in Enterobacterales and Pseudomonas 
;ceftaroline and ceftobiprole in MRSA).

• ATUs are to warn staff about problems which are not 
due to poor quality of AST material.
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Merino trial
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ATU = Warning in 
the laboratory
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Current ATUs (2019)
• Enterobacterales

– amoxicillin-clavulanic acid (systemic)
– piperacillin-tazobactam
– ciprofloxacin

• Ps. aeruginosa
– piperacillin-tazobactam
– ceftazidime-avibactam

• S. aureus
– ceftaroline, ceftobiprole

• S. epidermidis
– MRSE cefoxitin screen test on some media

• H. influenzae with PBP3-mutations (betalactams)
Stockholm 2019



ATU i Kronoberg/Blekinge 2019
Art Piperacillintazobaktam

(ATU)
Ciprofloxacin

(ATU)

E. coli 2.9 % 2.9 %

K.pneumoniae 6 % 6.6 %

Citrobacter freundi 4 % 2.3 %

Proteus mirabilis <1 % 3.2 %

Morganella morganii <1 % Ca 5%
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EUCAST determined MIC (by BMD) on all zone diameters in the ATU 
on consecutive clinical isolates

Stockholm 2019

Interpretation of primary
result is ”I”.



EUCAST determined MIC (by BMD) on all zone diameters in the ATU 
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Interpretation of primary
result is ”I”.



• ATU är inte en “fjärde” resistensbestämningskategori – det är endast en
teknisk varning och måste hanteras av laboratoriet.

• ATU interfererar inte med S, I and R kategorisering.

• ATU kompenserar inte för bristande kunnande inom området
resistensbestämning.

• ATU definieras av ett enda MIC-värde och motsvarande zon-interval (vanligen
2 – 3 mm) 

• ATU kan inte hanteras med en enda regel – hur man agerar måste
bestämmas av situationen (provtyp, art och antibiotikum.)

Area of Technical Uncertainty (ATU)
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Warning (ATU) – alternativa åtgärder
• Upprepa testen – om tekniska problem (inokulat, fel lapp, lapp

ramlat på sniskan etc).
• Upprepa testen och konfirmera med en alternativ test (MIC, 

PCR, PBP-agglutination…). 
Två tester med samma resultat styrker tolkningen.

• Rapportera blankt MED en kommentar: 
“Resultatet av resistensbestämningen kunde inte tolkas till S, I eller R. 

• Rapportera ett “nedtolkat” resultat”
“För Piperacillin 17-19 mm (eller MIC 16 mg/L) svara “R”.

• Diskutera och förklara – ring kollegerna.  Stockholm 2019



Try hard to solve IF..…

• easy to solve.
• only few alternative antibiotics for therapy.
• in a positive blood culture (or other serious

infection).
• a frequently recurring problem
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Tack!

Gunnar.kahlmeter@kronoberg.se

Stockholm 2019


