
 

 

 

Antibacterial drug activity can be    

classified as concentration dependent 

or time dependent 
 

Ramesh Jayaraman, 

DoseQuantics Consulting Pvt Ltd. 
7th September, 2025 

 

Recently, two letters to the editors appeared in the 

journal Antimicrobial Agents Chemotherapy (1, 2) 

that discussed the merits of classification of anti-

bacterial drugs as bacteriostatic and bactericidal. 

Spellberg et al observed that this classification is 

not correct and does not have clinical utility 
because there is no significant difference in clinical 

efficacy between bacteriostatic and bactericidal 

drugs (1). They also go on to state that the so called 

static antibiotics show bacterial killing and that 

there is no single antibiotic drug that is static which 

does not kill. I agree Spellberg et al on all the 

counts.  

 

The antibacterial effect of a drug depends on the 

growth rate of the bacteria and the killing rate of 

the bacteria by the drug at a specific concentration.  

 

The definitions of MIC (Minimum Inhibitory 

Concentration) and MBC (Minimum Bactericidal 

Concentration) are related to the activity of an 

antibacterial drug at a specific concentration. MIC 

is the concentration at which there is no visible 

growth after 24 hours and MBC is the 

concentration at which there is a 1000 fold (99.9%) 

reduction in bacterial numbers after 24 h. The 

classification of a drug as a static or cidal agent is 

based on the ratio of MBC to its MIC (Static = 

MBC/MIC > 4; Cidal = MBC/MIC < 4) (1). 

Clearly, the definitions of static and cidal are  

concentration dependent. In other words a drug that 

is static at one concentration can be cidal at a higher 

concentration whether the ratio is greater or lesser 
than 4. Indeed, it has been clearly shown that 

antibacterial drugs display two distinct types of 
killing activity over time (3,4). 

 

 

 
 

Antibacterial drugs are classified into two major 

categories based on their in vitro killing of bacteria 

(killing kinetics), in presence of increasing 

concentrations (multiples of their minimum 

inhibitory concentration (MIC)), over 24 hours : 1. 

Concentration dependent killing : there is an 

increase in the bacterial killing rate and magnitude 

over a wide range of drug concentrations (e.g. 
Fluoroquinolones, Aminoglycosides); 2. Time 

dependent (or minimum concentration 

dependent) killing : the killing rate increases over 

a limited range of concentrations and reaches 

saturation (no further increase in magnitude of kill) 

(e.g. beta-lactams, cephalosporins, carbapenems) 

(3, 4). For such drugs higher magnitudes of kill can 

be achieved by exposing bacteria at the saturating 

concentration for a longer period of time. Thus, for 

concentration dependent drugs, maximizing 

concentrations yields maximum efficacy and for 

time dependent drugs maximizing time exposure, 

rather than concentration, yields maximum 

efficacy. 

 

The patterns of in vitro killing of drugs show 

similarities with their in vivo killing patterns in 

animal models of infection (4).  For several classes 

of antibacterial drugs, when in vitro killing kinetics 

and MIC is combined with their pharmacokinetics 

(PK), a high degree of correlation was observed with 

their efficacy or pharmacodynamics (PD) in a wide 

range of animal models of infection and in the clinic 

(5, 6). Based on the above observations,  the efficacy 
of antibacterial drugs is described in terms of the 

ratio of a PK parameter and the MIC known as the 

PK/PD index. The three main PK/PD indices 
associated with antibacterial efficacy are the ratio of 

free maximum drug concentration in plasma and 

MIC (fCmax/MIC), ratio of free drug area under the 

plasma concentration time curve and MIC 

(fAUC/MIC) and the percentage of time the free 

drug concentration exceeds the MIC in a twenty four 

hour dosing interval (%fT >MIC). For example, the 

PK/PD index associated with efficacy of 

fluoroquinolone drugs is  fAUC/MIC whereas the 

PK/PD index associated with the efficacy of beta 

lactam drugs is (%fT >MIC). The PK/PD index 



 

 

determines the rationale for dose and regimen in the 

clinic (6). For fAUC/MIC drugs, the goal is to 

maximise dose (exposure) and for %fT>MIC the 

goal is to frequently dose to maintain concentrations 

above a certain threshold. For any antibacterial drug, 

the in vitro killing pattern, MIC and PK (PK/PD 

index and magnitude) is generally predictive of the 

success or failure of clinical response against a 

variety of bacterial pathogens and different sites of 

infections (7). Taken together, the classification of 

antibacterial drugs based on relationship between the 

killing pattern and concentration over time is better 

descriptive of their characteristics and has high 

clinical utility.  

 

I suggest classifying antibacterial drugs as 
concentration dependent or time dependent instead 

of static or cidal.  
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