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Introduction 
In clinical pharmacology, there are four basic components of a therapeutic decision: 1) 

can I do some good (efficacy), 2) can I do some harm (toxicity, residues, regulatory), 3) 

can I get it in the animal (a reasonable regimen), and 4) what does it cost? To consider 

each of these areas, veterinarians complete a rigorous training program along with a 

career involving years of continuing education. During these encounters there are many 

reasons cited why one antimicrobial may be a better choice than another. The problem is 

that sometimes the stated attractive attributes of an antimicrobial are simply dogmatic 

statements parroting the dogma originally told to the instructor/speaker. 

What then should be considered in an antimicrobial regimen decision? Are you missing 

a key component? These proceedings look at common inputs with a goal of evaluating 

how much emphasis should be placed on each.  

Areas of consideration 
The consideration of the interaction of the antimicrobial and pathogen through 

antimicrobial susceptibility testing (AST) is very important and is given consideration in a 

separate dedicated paper in this session. In this paper, emphasis is placed on clinical 

efficacy, bacteriostatic vs. bactericidal, narrow vs. broad spectrum, duration of therapy, 

synergism and antagonism, and pharmacokinetics and pharmacodynamics. 

Clinical efficacy 

When the final decisions are made, confirmation of clinical efficacy against negative 

controls or a well-characterized positive control still rules. Clinical efficacy may be 

evaluated in two manners. The approach which we most commonly encounter is a 

superiority study, designed and powered in an attempt to reject the null hypothesis (Ha = 

Ho, there is no difference between treatments). We are used to these studies utilizing 

negative controls or one product compared to another in a post-approval clinical trial. Our 

judgment of the difference is heavily influenced by the completely arbitrary P value, which 

is universally misunderstood. The p-value should be considered as our amount of surprise 

in seeing this difference between treatment groups given that the null hypothesis is true. 

This approach uses the reciprocal of the p-value; a p-value of 0.05 indicates a high degree 

of surprise (0.95 out of 1).  

The American Statistics Association has published a paper on how the P-value should be 

used, or more importantly, not used.1  There were 6 points in the ASA statement. 1) P-

values can indicate how incompatible the data are with specified statistical model. 2) P-

values do not measure the probability that the studies hypothesis is true, or the probability 

that the data were produced by random chance alone. 3) Scientific conclusions and 

business or policy decisions should not be based only on whether a p-value passes a 

specific threshold. 4) Proper inference requires full reporting and transparency. 5) A p-

value, or statistical significance, does not measure the size of an effect or the importance 



of an effect. 6) By itself, a p-value does not provide a good measure of evidence regarding 

a model or hypothesis.  

To emphasize point #2, the p-value is not the probability that the observed results are 

due to chance. Selke, et al., calculated the actual error rates (possibility of wrongly 

rejecting the null hypothesis) based on stated assumptions.2 At a P value of 0.05 there is 

still a 23-50% chance of incorrectly rejecting the null hypothesis (saying there is a 

difference when in fact there is not). At P = 0.01 there a 7-15% chance. To get down to a 

potential error rate of around 4-5% the p-value would need to be approximately 0.0027.     

A key concept of a superiority study is that failure to reject the null hypothesis does not 

allow the conclusion to accept the null hypothesis as fact. In other words, failing to 

demonstrate a difference by the arbitrary p-value cutoff of 0.05 or 0.10 does not provide 

for the conclusion that the two treatments are in fact equal. If the goal is to be able to 

conclude that two treatments are the same, then a non-inferiority study is used. In this 

case, a predetermined delta (difference between treatments) is selected. If the upper 

bound of a confidence interval created for the mean of the test article falls withing the 

delta around the mean of the control product, then the two treatments may be considered 

to be equal. An example of how these trials are conducted in the drug approval process 

is presented in the Food and Drug Administration Center for Veterinary Medicine 

Guidance for Industry #204.3 To quote this document, “The only way to rule out absolutely 

any inferiority is to show superiority. The non-inferiority study seeks to overcome this 

dilemma by showing statistically that: a defined portion of the know effect of the active 

control is retained by the investigational new animal drug; and the difference between the 

investigational new animal drug and the active control is no worse than the predefined 

margin”.  

There is much more to evaluating clinical trials than understanding the true meaning of a 

p-value. One must guard against a lack of external validity related to the population of 

animals to which the results are to be applied, pseudoreplication, lack of or inappropriate 

randomization, lack of masking (blinding), and inappropriate reporting such as tables with 

the means of categorical data such as clinical scores. A properly conducted, prospective, 

randomized, masked clinical trial in a suitable reference population should still be our 

highest priority in making antimicrobial use decisions.  

Bacteriostatic vs. bactericidal 

A bactericidal antimicrobial is typically defined as the ability to decrease the bacterial 

concentration in a culture by at least 3 logs (103) in 24 hours. This may change with 

concentration of the antimicrobial or by organism being tested. Yet, somehow a seemingly 

magical quality has been attributed to bactericidal antimicrobials as compared to 

bacteriostatic antimicrobials.  

Wald-Dicker, et al. (2018), took a look at this dogma in a systematic human trial review, 

identifying 56 trials published since 1985 which compared the efficacy of bacteriostatic 

and bactericidal antimicrobials.4 Of these trials, 49 were unable to reject the null 

hypothesis, 6 found the bacteriostatic antimicrobial to have superior efficacy, and one trial 

found the bactericidal antimicrobial superior.  However, in the latter trial, the dosing of the 

bacteriostatic antimicrobial was insufficient based on pharmacokinetic/pharmacodynamic 



principles. The authors concluded “…virtually all available data from high-quality 

randomized clinical trials demonstrate no intrinsic superiority of bactericidal compared to 

bacteriostatic agents. Other drug characteristics such as optimal dosing, 

pharmacokinetics, and tissue penetration may be more important efficacy drivers.”   

Bacteriostatic or bactericidal classification is just one of many characteristics of an 

antimicrobial which may contribute to clinical efficacy. Placing too much emphasis on this 

lone characteristic may lead to an inappropriate therapeutic decision.  

Narrow and broad spectrum 

Defining narrow and broad spectrum is like asking multiple people to define the term 

sustainability; the answer is heavily dependent on the perspective of the definer. There is 

also the issue of whether the spectrum width is being defined in relation to efficacy vs. 

selection for resistant organisms.  

First, the nature of the efficacy spectrum is defined by each clinician in relation to their 

primary pathogens of interest. For which set of pathogens are the narrow and broad 

spectrum classifications established? As for many ranking exercises, the extreme ends 

of the distributions are relatively easy, but the challenges come in the middle. For 

example, in human medicine the consideration of the carbapenems (imipenem, 

meropenem) as very broad spectrum and metronidazole as very narrow spectrum 

(anaerobes only) gives a false sense that all other antimicrobials should fall into a similar 

scheme.  

Weiss, et al., established a consensual definition of de-escalation in a human care setting 

by ranking B-lactam antibiotics.5 The purpose of de-escalation is to move from an initial 

broad spectrum antimicrobial to a narrower spectrum antimicrobial with a goal of 

decreasing selection for resistant organisms. In reviewing papers evaluating the effects 

of de-escalation, the authors found that the definitions for narrowing of the spectrum 

during de-escalation were either not described or focused on Pseudomonas aeruginosa, 

changing from imipenem or meropenem to a specified antimicrobial or any other 

antimicrobial,  or were left to the discretion of the senior internist or a pharmacist. They 

cited these inconsistent definitions of spectrum as contributing to no clear trends in the 

effects of de-escalation. The authors then recruited 28 experts from the fields of intensive 

care, infectious disease, and clinical microbiology in an attempt to standardize spectrum 

rankings for key B-lactam antimicrobials.  The group was unable to differentiate the 

ecological consequences of one key grouping of antimicrobials and also were unable to 

agree on the timing of de-escalation or whether duration of therapy should be included in 

the concept of de-escalation.   

If the consideration of spectrum against pathogens of interest is difficult, what about 

consideration of the “bystander bacteria”, the commensal organisms responsible for 

balance in the complex populations of bacteria in the body? Madaras-Kelly, et al., used a 

modified Delphi method to engage experts in the effort to establish spectrum scores 

across 10 antimicrobial domains (27 antibiotics) and 14 organism domains (19 species).6  

Using national Veterans Administration AST data, scores were assigned based on activity 

for combinations of antimicrobial and organism domains. Weighting was assigned based 

on additional classifications. The sensitivity and specificity of the spectrum score to 



identify de-escalation judgements as identified by antimicrobial stewards was 86.3% and 

96.0%, respectively. These authors, through a complex procedure evaluating system-

specific AST data, were able develop a ranking which closely approximated empirical 

judgments by those making antimicrobial use decisions. The question of the impact of de-

escalation along the score scale remains unanswered. 

Given these two complex efforts to standardize the concept of spectrum width in human 

medicine, how would we define narrow and broad spectrum in veterinary medicine? In 

this case, specifically in swine medicine? Perhaps the answer is that we don’t have a 

reasonable classification scheme and should not be using these terms. The most 

dangerous outcome is considering a narrow spectrum antimicrobial, by whatever arbitrary 

means that classification is assigned, as being less likely to select for antimicrobial 

resistance. This begs the question as to the specific population(s) in which we are 

considering the nature of resistance, the honest answer being we don’t know.   

Think before you use these terms. If there isn’t a clear definition related to a specific set 

of pathogens, and the limitations in implying the degree of selection for resistant organism 

aren’t clearly expressed, then don’t use them. 

Duration of therapy 

The antimicrobial approval process has focused on dose selection without consideration 

being given to the optimal duration of therapy. Single injection antimicrobials have the 

duration provided by the combination of the antimicrobial clearance and release of the 

drug from the site of administration. Who knows where the label durations for in-feed 

antimicrobials came from? From what information are you determining the duration of 

antimicrobials administered in the water? 

It’s easy to ask the questions and hard to come up with the answers. The questions 

become more pressing as we consider balancing efficacy with magnitude of selection for 

resistant organisms. The concept of antimicrobial use transparency also places a 

premium on getting it right in relation to the most efficient use of antimicrobials where they 

are needed.   

The most obvious duration is that of zero when the antimicrobial is not needed, or efficacy 

is doubtful. When an antimicrobial is indicated, how short could we go when there is an 

option for choosing the duration? Tillotson published a short article on the current status 

of duration of antimicrobial therapy in human medicine.7 For diseases such as urinary 

tract infections and community acquired pneumonia there are multiple studies which 

failed to show a difference between shorter and longer durations, the longer durations 

being conventional durations of therapy. The optimal duration varies with the chronicity 

of the disease, location of the infection, and status of the immune system.  These 

concepts apply to therapy of identified disease, and not necessarily to use of 

antimicrobials for prevention or control. 

As medical professionals, we have come to realize the misinformation contained in the 

statement “take the antimicrobial for the entire duration prescribed by your doctor to avoid 

a relapse with resistant organisms”. For example, when an arbitrary duration of 14 days 

is selected and clinical resolution is encountered after 3 days, the patient should continue 



to take the antimicrobial for 11 more days to minimize selection for resistance. For now, 

it is clear that durations of therapy have not been the focus of establishing antimicrobial 

regimens and we should prioritize developing information which allows optimizing 

duration as we move forward.  

 Synergism and antagonism 

Both synergism and antagonism are likely quite rare in clinical use of antimicrobials in 

swine medicine. Synergism, as defined by the fractional inhibitory concentration (FIC) 

index requires that the MIC of both antimicrobials is dropped by 75%, a lofty goal. The 

interaction of antimicrobials has been shown to change with concentration and in relation 

to different pathogens.  

Benefits from antimicrobial combinations are likely either additive rather than synergistic, 

or one antimicrobial is able to have activity against a pathogen when the other is not. The 

concept of bacteriostatic antagonism with bactericidal antimicrobials is oversimplified, 

based on in-vitro interactions which may or may not be present over the wide range of 

interacting concentrations encountered in different tissues (differences in distribution) and 

over time (differences in pharmacokinetics). There are some combinations with noted 

benefits, such as penicillin and gentamicin (thought to be cell wall mediated and also 

complimentary spectrums), trimethoprim and sulfas (sequential inhibition of folic acid 

synthesis), or amoxicillin and clavulanic acid (clavulanic acid serving as a suicide inhibitor 

of some beta-lactamases). 

The answer to all these uncertainties is the clinical confirmation of synergistic or additive 

activity for a drug combination in a prospective, randomized, controlled, masked, clinical 

trial.  

The application of pharmacokinetics and pharmacodynamics 

Since Craig’s pivotal article in 1998, the science of predicting the efficacy of antimicrobials 

through comparison of pharmacokinetic curves to pharmacodynamic targets (PK/PD) has 

undergone numerous advancements.8 Papich summarized pharmacokinetic/ 

pharmacodynamic use for rational regimen selection in veterinary medicine in 2014.9 

Today we use free drug (non-protein bound) plasma concentrations to match with 

pharmacodynamic parameters such as time > MIC for the β-lactams and peak 

concentrations (Cmax) or area under the plasma concentration curve (AUC) compared 

to the pathogen MIC for the fluoroquinolones. More recently, the optimal value of 

AUC:MIC ratios for fluroquinolones has been demonstrated to vary according to the 

desired effect on the pathogen population and the severity of the disease challenge. For 

some other antimicrobial groups, the optimal PK/PD relationship is not as clearly defined.  

In respiratory disease, the consideration of concentrations in pulmonary epithelial lining 

fluid (PELF) has been proposed, although with PELF concentrations differing from 

different collection techniques. The use of homogenized tissue concentrations for 

comparison to pathogen MIC values has been dismissed as misleading in the absence 

of clear demonstration of the relationship to clinical efficacy. The same can be said for 

the evaluation of gut content concentrations in relation to pathogen MIC values. 



If you wish to compare antimicrobial concentrations to pathogen MIC values, the science 

is rapidly evolving, and you should consult with someone who is up to date on the nuances 

of interpretation. Consideration of PK/PD interactions with MIC values has been done 

during the establishment of approved Clinical and Laboratory Standards Institute (CLSI) 

interpretive criteria for antimicrobial susceptibility testing as described in a companion 

proceedings paper.  The concepts of PK/PD may guide us when we are lacking other 

data to support decisions, but there is the potential for misleading conclusions if not 

properly applied.  

Summary 
Randomized, prospective, controlled, and masked (blinded) clinical trials rule. It is 

possible to go astray with consideration of bactericidal vs bacteriostatic, narrow vs. broad 

spectrum, pharmacokinetics/pharmacodynamics, and the search for synergism unless 

the most recent information is considered. As we consider the most needed future 

research, duration of therapy should be a top priority. 
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