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Salmonella spp.
Fluoroquinolone Resistance

Genotype

Phenotype

Ciprofloxacin 

MIC (µg/ml)
Nalidixic Acid

Wild type (No resistance) 0.008-0.06 Usually susceptible

Chromosomal gyrA 

(single mutation)
0.12 - 2.0 Usually resistant

Chromosomal gyrB

(single mutation)

0.12 – 0.5 Usually susceptible

Chromosomal gyrA, gyrB

(multiple mutations)
≥4.0 Resistant

PMQR (e.g. qnr or 

aac(6’)-lb-cr)
0.12 - 2.0 Often susceptible

PMQR, plasmid-mediated quinolone resistance - newer mechanism 

and less common than chromosomal gyrase mutations



Salmonella spp. 
Fluoroquinolone AST and Reporting History 

CLSI Standard Fluoroquinolone Breakpoints

M100-S21 (2011) One set of breakpoints for all 

Enterobacteriaceae including Salmonella spp.

Nalidixic acid screen for reduced ciprofloxacin

susceptibility in extraintestinal isolates of 

Salmonella spp.

M100-S22 (2012) Lower ciprofloxacin breakpoints for S. Typhi

and extraintestinal Salmonella spp.

M100-S23 (2013) Lower ciprofloxacin, levofloxacin and ofloxacin

breakpoints for use with all Salmonella spp.

M100-S24 (2014) No changes

Unanswered Question: 
What disk can best predict reduced FQ susceptibility?



Enterobacteriaceae (Table 2A)
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Salmonella spp.
Agent

MIC (µg/ml) Zone (mm)

Susc Int Res Susc Int Res

Ciprofloxacin

CLSI ≤0.06 0.12-0.5 ≥1 ≥31 21-30 ≤20

FDA (Typhi) ≤0.06 0.12-0.5 ≥1 ≥31 21-30 ≤20

FDA (Enterobac.) ≤1 2 ≥4 ≥21 16-20 ≤15

EUCAST (Salmonella) ≤0.06 ----- ≥0.12 (˃0.06) ------Use Peflox disks------

Levofloxacin

CLSI ≤0.12 0.25-1 ≥2 ----- ----- -----

FDA (Enterobac.) ≤2 4 ≥8 ≥17 14-16 ≤13

EUCAST (Enterobac.) ≤1 ----- ≥4 (>2) ≥22 19-21 ≤18

Ofloxacin

CLSI ≤0.12 0.25-1 ≥2 ----- ----- -----

FDA (Enterobac.) ≤2 4 ≥8 ≥16 13-15 ≤12

EUCAST (Enterobac.) ≤0.5 ----- ≥2(>1) ≥22 19-21 ≤18

Pefloxacin

EUCAST ----- ----- ----- ≥24 ----- <24



FQ WG June 2014 Presentations

• Data presented from EUCAST (Robert Skov)

• Data presented from UCLA



UCLA Studies: Distribution of 
Ciprofloxacin MICs (n=136)
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UCLA Data: MIC vs. DD for Select FQs

Agent CA (%) VME ME mE

Ciprofloxacin 89.0 0 0 11.0

Levofloxacin 94.9 0 0 5.1

Ofloxacin 80.1 0 0 19.9

Nalidixic Acid 90.4 0 0 9.6



Surrogate Disk for FQ Resistance 
in Salmonella spp.

• Our definition –
– A disk and zone cutoff that most reliably identifies 

Salmonella isolates that are not susceptible to FQs 
based on current ciprofloxacin susceptible or not 
susceptible (I + R) MIC breakpoints

– Assumption – ciprofloxacin MIC (using CLSI reference 
method) accurately differentiates FQ susceptible from 
FQ not susceptible isolates

• Errors calculated:
– VME = total false S/total not susceptible
– ME = total false not susceptible/total susceptible



Ciprofloxacin MIC vs
Ciprofloxacin DD (n=136)
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Ciprofloxacin MIC vs
Nalidixic Acid DD (n=136)
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Ciprofloxacin MIC vs
Pefloxacin DD (n=136)

EUCAST
(%)
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y = -0.0175x - 1.3326
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y = -0.0127x - 1.3697
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y = -0.0048x + 0.0372
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Average difference: -0.13

Average difference: -1.83

Average difference: -1.97

Three lots of pefloxacin
disks tested

- Significantly larger zones with Oxoid
disks vs. BD and MAST (p<0.0001)

- ≈2 mm larger zones

- No difference in S/R interpretation for 
72 isolates tested



Pefloxacin 5 µg Zones1

1 BBL MHA II (single lot); Oxoid disks (single lot); 18 h incubation
20/47 ciprofloxacin non-susceptible isolates appeared similar

(Phase I)







WG Vote
• Add Pefloxacin to M100 as a surrogate for ciprofloxacin resistance (7-0-0)

– ≤23 mm R
– ≥24 mm S 

• Remove nalidixic acid (for Salmonella), ciprofloxacin disk diffusion 
breakpoints (6-1-0) 

• Remove associated language for nalidixic acid from M100 (and 
associated documents)

• Discussion points: 
– pefloxacin not available everywhere (yet)
– Issues with MHA brand (only one brand tested at UCLA, BBL, but more 

problems with ciprofloxacin noted when 3 manufacturers used)
– nalidixic acid still very useful in South America (and ciprofloxacin DD has 

problems)
– aac resistance mechanism will not necessarily be detected by pefloxacin
– M23 QC study performed, presented at this meeting to QC WG
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