
International Journal of Antimicrobial Agents 53 (2019) 674–677 

Contents lists available at ScienceDirect 

International Journal of Antimicrobial Agents 

journal homepage: www.elsevier.com/locate/ijantimicag 

Short Communication 

Breakpoint to MIC quotient: A parameter to rapidly evaluate the in 

vitro bactericidal activity of β-lactams on Enterobacteriaceae 

Antoine Grillon 

a , ∗, Angeline Chabaud 

a , Gilles Zambardi b , Isabelle Caniaux 

c , François Jehl a 

a Laboratory of Bacteriology, University Hospital of Strasbourg, Strasbourg, France 
b Research and Development, bioMérieux, La Balme-les-Grottes, France 
c Medical Affairs, bioMérieux, Marcy-l’Etoile, France 

a r t i c l e i n f o 

Article history: 

Received 10 December 2018 

Accepted 27 January 2019 

Editor: Jean-Marc Rolain 

Keywords: 

Enterobacteriaceae 

Breakpoint to MIC quotient 

Etest 

European Committee on Antimicrobial 

Susceptibility Testing 

Minimum Inhibitory Concentration 

Minimum Bactericidal Concentration 

a b s t r a c t 

Minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) do not com- 

pletely predict the bactericidal nature of the antimicrobial agent. Patients with pathogens having MICs 

near the clinical breakpoint experience a higher risk of clinical failure. This study defined an indicator, 

breakpoint to MIC quotient (BMQ), that incorporates MIC and the European Committee on Antimicrobial 

Susceptibility Testing breakpoint. The BMQ was inversely correlated with MBC in antibiotic combina- 

tions against Enterobacteriaceae strains (Spearman coefficient ≤ –0.96). This new parameter may provide 

timely additional insight for choosing an antibiotic for a severe bacterial infection. 

© 2019 Elsevier B.V. and International Society of Chemotherapy. All rights reserved. 
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1. Introduction 

The treatment of severe bacterial infections warrants the most

effective antibiotics in vivo to optimise efficacy and decrease the

risk of antibiotic resistance selection [1] . Classically, this choice is

based on in vitro susceptibility testing, which identifies the min-

imum inhibitory concentration (MIC) for specific antibiotics. The

European Committee on Antimicrobial Susceptibility Testing (EU-

CAST) provides a list of clinical MIC breakpoints, which categorise

microorganisms as susceptible or resistant to specific antimicro-

bial agents and guide their clinical use [2] . The clinical breakpoint

of an antibiotic is established according to defined rules [3] , in-

cluding microbiological considerations through the epidemiological

cut-off (ECOFF) value, pharmacokinetic/pharmacodynamics (PK/PD)

considerations through the PK/PD breakpoint, and clinical con-

siderations through association with clinical cure [4,5] . Antibiotic

choice also can be based on the minimum bactericidal concentra-

tion (MBC), although this time-consuming method may not pro-

vide results in time to assist in choosing the optimal antibiotic. 
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Patients infected with Gram-negative Enterobacteriaceae or

seudomonas aeruginosa isolates showing borderline MICs (near the

reakpoint) may be at higher risk of clinical failure, even mortal-

ty, than those with infections having lower MICs [6,7] . Similarly,

alagas et al. found that more treatment failures occurred in pa-

ients infected with Salmonella enterica strains with high fluoro-

uinolone MICs (near the breakpoint) than those with Salmonella

trains with low MICs, and mortality rate for patients infected by

ram-negative non-fermentative bacilli with high MICs was also

igher than for those with low MICs [8] . 

This study hypothesised that a new ratio, the breakpoint to MIC

uotient (BMQ), would inversely correlate with the antibiotic MBC

nd could bring additional insight for choosing an antibiotic in a

imely manner. 

. Methods 

To compare two methods of MIC determination, the MICs of

5 Enterobacteriaceae strains ( Klebsiella pneumoniae, n = 17; Es-

herichia coli, n = 11; Enterobacter spp., n = 7) were measured with

arious resistance mechanisms to the six β-lactam antibiotics

isted in Table 1 . Imipenem, meropenem, cefepime, cefotaxime, and

eftazidime titrated powders were European Directorate for the

uality of Medicines and Healthcare (EDQM) reference standards;

ztreonam titrated powder was purchased from Sigma Aldrich. The
rved. 
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Table 1 

Gram-negative strains, resistance mechanisms, the calculated Breakpoint to Minimal Inhibitory Concentration Quotients (obtained by Etest and Broth Microdilution), and 

Minimal Bactericidal Concentrations. 

Strains Resistance mechanisms BMQs (Etest/BMD) and MBCs (mg/L) 

Imipenem Meropenem Aztreonam Cefepime Cefotaxime Ceftazidime 

E. coli ATCC 25922 Wild type 10.5/21/0.115 143/167/0.013 11/7/0.167 21/21/0.047 13/16/0.073 5/21/0.25 

E. coli ATCC 35218 TEM-1 10.5/21/0.110 125/250/0.009 18/21/0.047 31/43/0.023 21/36/0.031 8/14/0.094 

E. coli 1310019 AmpC 9/19/0.104 125/166/0.012 0.25/0.15/6.67 5/8/0.125 0.3/0.3/3.3 0.17/0.2/9.3 

E. coli-A ESBL 8/11/0.22 62/83/0.016 0.3/ < 0.1/ > 256 0.25/ < 0.1/32 < 0.1/ < 0.1 / > 256 1/0.6/1.5 

E. coli-B ESBL 16/21/0.136 62/166/0.018 0.3/0.25/4 0.25/0.15/6.67 < 0.1/ < 0.1/ > 256 0.8/0/6/1.5 

E. coli-C ESBL 16/24/0.084 250/285/0.008 11/15/0.063 16/28/0.036 8/ < 0.1/ > 256 6/7/0.146 

E. coli-D ESBL 10.5/16/0.167 125/91/0.022 0.5/0.3/3.33 0.2/0.1/8 < 0.1/ < 0.1/ > 256 1.3/0.8/1.25 

E. coli 0506040 Carbapenemase 2/2/1 5/7/0.3 ND ND ND ND 

E. coli 1012303 Carbapenemase 0.6/1/2 1/2.7/0.75 ND ND ND ND 

E. coli 1104350 Carbapenemase 0.25/0.5/4 0.6/0.5/4 ND ND ND ND 

E. coli 1211021 Carbapenemase 0.5/0.5/4 1.6/0.6/3 ND ND ND ND 

K. pneumoniae 9812031 ESBL SHV 3/4/0.67 87/64/0.031 < 0.1/ < 0.1/32 1/0.6/3.3 0.25/ND/ND < 0.1/ < 0.1/32 

K. pneumoniae 105102 acquired AmpC 1.3/3/0.75 87/87/0.023 0.25/ND/ND 21/21/0.047 0.1//ND/ND 0.25/ < 0.1/32 

K. pneumoniae 212018 acquired AmpC 8/3/0.75 21/32/0.063 0.1/ < 0.1/28 5/3/0.375 < 0.1/ < 0.1/29.3 < 0.1/ < 0.1/32 

K. pneumoniae 502051 ESBL TEM 4/4/0.53 2/3/1.5 < 0.1/ < 0.1/32 < 0.1/ < 0.1/32 < 0.1/ < 0.1/32 < 0.1/ < 0.1/32 

K. pneumoniae 509019 ESBL CTX-M 8/9.5/0.209 31/87/0.033 1/0.6/1.75 0.3/0.25/4 < 0.1/ < 0.1/32 1.75/1.75/0.38 

K. pneumoniae 702090 acquired AmpC < 0.1/ < 0.1/16 < 0.1/0.25/9.3 < 0.1/ < 0.1/25 0.2/0.1/10.7 < 0.1/ < 0.1/32 < 0.1/ < 0.1/24 

K. pneumoniae ESBL 13/8/0.25 87/87/0.023 0.8/0.4/2.5 0.6/0.1/9.3 < 0.1/ < 0.1/ > 256 1.3/1.2/1.16 

K. pneumoniae 1602110 ESBL CTX-M 3/3/0.75 0.6/1.7/1.5 < 0.1/ < 0.1/32 < 0.1/ < 0.1/32 < 0.1/ < 0.1/32 < 0.1/ < 0.1/24 

K. pneumoniae 1402021 ESBL CTX-M 0.5/1/1.75 1/2/6 < 0.1/ < 0.1/32 0.25/ < 0.1/32 < 0.1/ < 0.1/32 < 0.1/ < 0.1/32 

K. pneumoniae 1104053 Carbapenemase 1.4/1.6/1.5 4/1/1 ND ND ND ND 

K. pneumoniae 1109133 Carbapenemase 4/1.3/1.5 3/5/0.4 ND ND ND ND 

K. pneumoniae 1602112 ESBL CTX-M 3/4/0.5 1.5/2/2 < 0.1/ < 0.1/32 < 0.1/ < 0.1/32 < 0.1/ < 0.1/32 < 0.1/ < 0.1/32 

K. pneumoniae 1602107 ESBL CTX-M 0.5/0.6/3.5 0.14/0.2/12 < 0.1/ < 0.1/32 < 0.1/ < 0.1/32 < 0.1/ < 0.1/32 < 0.1/ < 0.1/22 

K. pneumoniae 1508256 ESBL CTX-M 10.5/21/0.136 62/87/0.023 < 0.1/ < 0.1/32 < 0.1/ < 0.1/32 < 0.1/ < 0.1/32 < 0.1/ < 0.1/25 

K. pneumoniae 1008101 Acquired AmpC 8/10.5/0.19 31/11/0.175 < 0.1/ < 0.14/26.7 1.3/1.2/0.83 < 0.1/ < 0.1/26.7 < 0.1/ < 0.1/32 

K. pneumoniae 1102106 ESBL CTX-M 10.5/10/0.25 62/64/0.031 < 0.1/ < 0.1/32 < 0.1/ < 0.1/32 < 0.1/ < 0.1/32 < 0.1/ < 0.1/24 

K. pneumoniae 0804168 Carbapenemase 4/1.5/1.3 5/5/0.4 ND ND ND ND 

E. cloacae 1008085 Carbapenemase 0.6/0.125/5 0.2/0.3/6 ND ND ND ND 

E. cloacae 1011184 Carbapenemase 0.2/0.2/12 < 0.1/0.1/9 ND ND ND ND 

E. cloacae 1602081 ESBL + acquired AmpC 0.6/0.5/4 0.7/1.2/2.17 < 0.1/ < 0.1/26.6 0.6/0.3/5.5 < 0.1/ < 0.1/32 0.125/ < 0.1/24 

E. aerogenes 1602080 ESBL + acquired AmpC 0.2/0.7/3 1/1.1/2 < 0.1/ < 0.1/24 0.3/0.8/1.3 < 0.1/ < 0.1/32 < 0.1/ < 0.1/29.3 

E. hormaechei 1402023 acquired AmpC 0.5/0.7/3 1/0.4/5.3 < 0.1/ < 0.1/32 0.25/0.12/6.7 < 0 .1/ < 0.1/32 < 0.1/ < 0.1/32 

E. cloacae 1204174 acquired AmpC 2.7/3/0.75 21/16/0.125 < 0.1/ < 0.1/32 < 0.1/0.6/1.83 0.125/ < 0.1/32 < 0.1/ < 0.1/32 

E. cloacae 1204193 acquired AmpC 2.6/3.4/0.58 11/5/0.44 < 0.1/ < 0.1/32 1/0.3/3 < 0.1/ < 0.1/32 < 0.1/ < 0.1/32 

Abbreviations: BMQs: Breakpoint to Minimal inhibitory concentration Quotients; MBCs: Minimal bactericidal Concentrations; BMD: Broth microdilution; ESBL: Extended- 

spectrum-beta-lactamase; E. coli : Escherichia coli ; K. pneumoniae : Klebsiella pneumoniae; E. cloacae : Enterobacter cloacae ; E. hormaechei : Enterobacter hormaechei . 
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ICs were measured simultaneously using the same broth sus-

ension (0.5 McFarland units) for each strain by two methods: (i)

he broth microdilution (BMD) method, as described in the EU-

AST recommendations, in agreement with the International Orga-

ization for Standardization ISO 20776-1 [2] ; and (ii) gradient-strip

ests (Etest, bioMérieux, La-Balme-les-Grottes, France) according to

he manufacturer recommendations. The MBCs were measured by

rst determining the MIC by the BMD method [2] , followed by

lating 10 microliters from all tubes at or above MIC onto Mueller-

inton agar. MBC was defined as the lowest concentration leaving

0.01% bacteria compared with the control [9] . 

. Results 

Both methods of MIC measurement were compared (171 pairs):

he BMD method showed a statistically significant direct lin-

ar correlation with the gradient-strip method, with a Spearman

oefficient of correlation 0.9708 (95% confidence interval [CI]

.9612–0.9781; P < 0.001; Fig. 1 A). The MBCs are shown in Table 1 .

For the new potential indicator, the BMQ was defined as the

uotient of the susceptible (lower) breakpoint divided by the MIC

alue for the pathogen [2] . To test the hypothesis that a higher

MQ value would predict a lower MBC, the BMQ values were cal-

ulated and compared with the bactericidal effect of the antibi-

tic of each strain measured by the MBC. The BMQ calculated with
ICs measured by the Etest showed a statistically significant in-

erse correlation with the MBC, with a Spearman correlation coef-

cient of –0.9631 (95% CI –0.9722 to –0.9512; P < 0.001; Fig. 1 B).

imilarly, BMQ calculated with MICs measured by BMD showed a

tatistically significant inverse correlation with the MBC, with a

pearman correlation coefficient of –0.9778 (95% CI –0.9833 to –

.9706; P < 0.001; Fig. 1 C). Based on these data, BMQ seems to

e a good indicator of the potential in vitro bactericidal activity of

ested antibiotics. 

. Discussion 

Since isolates with MICs near the breakpoint have lower clin-

cal response to the antibiotic [6-8] , the choice between two an-

ibiotics with the same MIC for the same pathogenic isolate but

ith two different clinical breakpoints would likely benefit from

onsideration of this ‘distance’ to the breakpoint. This is espe-

ially true for immunocompromised patients, who need antibiotics

ith high bactericidal activity because of their impaired immune

ystem [10] . Although measurement of MBC should be useful in

hese situations, it is not routinely used because the method is

ime-consuming and precise. Moreover, the advantages of the BMQ

ver the MBC are the more rapid results and the adjustments for

COFF value, PK/PD considerations through the PK/PD breakpoint,

nd clinical considerations by using the well-established, clinically

sed, periodically updated breakpoints of EUCAST [2,3,11,12] . Clin-

cal considerations for the antibiotic breakpoint include the MIC



676 A. Grillon, A. Chabaud and G. Zambardi et al. / International Journal of Antimicrobial Agents 53 (2019) 674–677 

Fig. 1. (A) Linear correlation between MICs as measured by Etest ( x -axis) and 

BMD ( y -axis) for all the strains tested and all antibiotics (171 XY pairs): Spearman 

r = 0.9708 (95% confidence interval 0.9612–0.9781; P < 0.001). (B) Inverse correla- 

tion between BMQ (with MIC measured by Etest) and MBC for the 35 strains and 

the six antibiotics tested. Semi-log plot comparing BMQ (with MIC measured by 

gradient-strip test) and MBC. (C) Inverse correlation between BMQ (with MIC mea- 

sured by BMD) and MBC for the 35 strains and the six antibiotics tested. Semi-log 

plot comparing BMQ (with MIC measured by BMD) and MBC. 
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alues for the wild-type bacterial population through the ECOFF

alue. The PK/PD clinical breakpoint of β-lactam antibiotics means

hat the target concentration will be reached in approximately 90%

f patients for 30–70% of the time between antibiotic adminis-

rations. Antibiotic treatment at breakpoint concentrations should

rovide one or two logs of bactericidal activity, sometimes bac-

eriostatic activity; pathogens with lower MICs may experience

reater declines, as suggested in animal experiments [3] . 

The current results are obviously theoretical and only repre-

ent in vitro considerations. Evaluation of this parameter on an im-

unocompromised animal model will be necessary to its in vivo

alidation. However, BMQ showed an excellent correlation with

BC in strains exhibiting various resistance mechanisms, including

-lactamases (TEM-1 β-lactamase, n = 1; expanded-spectrum β-

actamases [ESBLs], n = 14; de-repressed or plasmid-acquired ampC ,

 = 7; ESBL + acquired amp C, n = 2; and ESBL Sulfhydril-variable

SHV) and carbapenemases, n = 9). 

In summary, the BMQ is an easy-to-calculate parameter for the

ajority of routinely detected bacteria once the MIC is known, and

ay predict the bactericidal activity. This indicator may represent

n easy-to-use method for clinicians to interpret the MICS, and

t warrants further study such as in animal models. Of particular

nterest would be to extend the concept to other antibiotic fami-

ies and other microorganisms such as fluoroquinolones on Gram-

egative bacteria, and glycopeptides on Gram-positive bacteria. 
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