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Introduction to Antibiotics

Paul O’Keefe, MD

August 30, 2016

Infectious Diseases Overview 
and Learning Objectives

• Microbiology Review – Appendix A
• Normal Flora, Contamination, Colonization, 

or Infection
• Signs and Symptoms of Infection
• Likely Pathogens Based on Site of Infection
• MIC, MBC, MIC Breakpoints, and 

Antimicrobial Susceptibility Testing Methods
• Pharmacodynamics of Anti-Infectives
• Antibiotic Regimen Selection
• Antibiotic Class Reviews  - upcoming lectures

Diagnosis of Infection

• Appropriate antibiotic therapy depends 
upon:
Knowledge/suspicion of the site of infection 

and subsequent infecting pathogen

Spectrum of activity of the antibiotic

Host characteristics

• Appropriate diagnosis is the KEY

• Obtain cultures from suspected site of 
infection BEFORE antibiotics are initiated
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Establishing the Presence of 
an Infection

• Establish presence of infection before 
initiating antibiotic therapy

• Isolation of an organism from a clinical 
specimen does not always indicate the 
presence of infection

• Must differentiate between normal flora, 
contamination, colonization, or infection
Which bacteria was isolated? From where?
Are signs of infection present?

Normal Flora

 Normal flora are usually harmless bacteria that 
occur naturally on the skin, and in the respir-
atory, genitourinary, and gastrointestinal tracts

 Suppress growth of pathogenic bacteria

 May become pathogenic when host defenses 
are impaired or disrupted

 Antibiotic use can alter the normal flora

 Hospitalized patients become colonized with 
“new flora” within 48 hours of admission (often 
gram-negative aerobes)

“Sterile” Body Sites

Body Site Specimen

Bloodstream Blood

Subarachnoid space CSF

Pleural space Pleural fluid

Peritoneum Peritoneal fluid

Pericardium Pericardial fluid

Synovium Synovial fluid

Urinary tract Urine (directly from 
bladder)
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Contamination versus 
Colonization versus Infection

Isolation of a bacteria from a clinical specimen is 
not always an indication of infection
 Contamination – organism inadvertently introduced 

during specimen collection or processing
 Coag-neg staph in blood of patient

 Colonization – organism is present at body site but is 
not invading host tissue or inducing signs and 
symptoms of infection
 Pseudomonas aeruginosa in the sputum of a patient who is 

not displaying signs of pneumonia

 Infection – pathogenic organism is damaging host 
tissue and eliciting signs and symptoms of infection
 Streptococcus pneumoniae in sputum of patient with fever, 

productive cough, and shortness of breath

Common Bacterial Pathogens 
by Site of Infection

 Certain bacteria have a propensity to 
commonly cause infection in particular 
body sites or fluids
 E. coli in urine, S. aureus in skin abscess

 Antibiotics may be chosen before results 
of the cultures are available based on 
some preliminary information
» Site of infection and likely causative 

organism
» Gram-stain result (does result correlate with 

most likely suspected organism?)

Key Concepts: Background Infection

• Interpretation of laboratory culture results requires knowledge 
of:
– Sites with normal flora vs. “sterile sites”

– Contamination (lab), Colonization (no infection), Infection

• Known pathogens by site, i.e., lung, abdomen, skin, meninges
– Guides empiric antibiotic therapy
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Susceptibility Testing

Antibiotics are usually initiated when an 
infection is suspected because an 
undue delay may lead to significant 
morbidity or mortality
 Antibiotics are chosen that have activity 

against likely pathogens (empiric therapy)
 Antibiotic regimen is modified once culture 

and susceptibility results are available 
(directed or targeted therapy)

Antimicrobial Spectrum 
of Activity

• Spectrum of activity is the general list of bacteria 
that are killed or inhibited by an antibiotic
 Established during early clinical trials of the antibiotic
 Recent local, regional and national susceptibility 

patterns of each bacteria should be continuously 
evaluated because antibiotic activity may change over 
time due to emergence of resistance

• Narrow Spectrum = antibiotic has activity against 
a limited group of bacteria

• Broad Spectrum = antibiotic has activity against 
a wide variety of bacteria

Prepared by Sharon Erdman, PharmD. IUPUI College of Pharmacy
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Antimicrobial Susceptibility 
Testing

• Antibiotic susceptibility testing is performed on 
individual bacterial isolates once grown and 
identified in culture

• Definitions
» Minimum Inhibitory Concentration or MIC - lowest 

concentration of an antibiotic that inhibits visible 
bacterial growth

» Minimum Bactericidal Concentration or MBC - lowest 
concentration of an antibiotic that kills bacteria; 
decreases bacterial inoculum by 99.9% 

» MIC ≤ MBC

Susceptibility Breakpoints

Interpretive guidelines established by the 
CLSI, which categorize specific antibiotic 
MIC values for a given bacteria as:
» Susceptible - organism will most likely be 

eradicated with normal doses of the antibiotic

» Intermediate - treatment may be successful 
using maximal doses of the antibiotic

» Resistant - MIC exceeds usual serum 
concentrations of the antibiotic, so less than  
optimal results are expected

Susceptibility Breakpoints

• Interpretive guidelines for S, I and R for 
each antibiotic and each bacteria are 
different because they are based upon:
» Pharmacokinetics of the drug - achievable 

serum and tissue concentrations
» General activity of the antibiotic
» Site of infection
» Data from clinical efficacy trials

 In general, MIC values should not be 
compared between different antibiotics 
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Comparative Serum 
Concentration-Time Profiles

Time (hours)

Log 
Conc
mcg/ml

Zosyn 3.375g

Ceftriaxone 1 g

Imipenem 500mg

Levofloxacin 750mg

50

100

200

Methods for MIC Determination
Broth Dilution

• Quantitative test of the in vitro activity of 
an antibiotic – yields an MIC or MIC range

• Macrodilution and microdilution methods

• Two-fold serial dilutions of the antibiotic in 
broth are incubated with a standard 
inoculum of the infecting bacteria
» MIC - lowest concentration of antibiotic that 

prevents visible growth of the bacteria

Methods for MIC Determination
Macro Broth Dilution

Macrodilution - two-fold serial dilutions of an 
antibiotic are incubated with a standard inoculum 
of the infecting bacteria in test tubes
» MIC = first tube without visible growth

» Results yield the exact MIC of the antibiotic against 
the infecting organism

» Not routinely performed because it is labor and 
resource intensive

» MBC (not routine) – extension of macrodilution test; 
MBC represents the antibiotic concentration that kills 
bacteria (no colonies are present on agar plates)
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Methods for MIC Determination
Macrodilution

With permission from: A Practical Approach to Infectious Diseases, 4th edition, 1996, page 955.

Methods for MIC Determination
Micro Broth Dilution

Microdilution - microtiter plates or 
cassettes with serial dilutions of several
antibiotics tested at the same time
» Automated; most common method
» Due to size restraints of cassettes, not all 

concentrations of an antibiotic can be 
tested for susceptibility

» Result may be reported as an MIC range, 
such as  8 µg/ml Susceptible

» Vitek,Microscan

Methods for MIC Determination
Microdilution
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Methods for MIC Determination
Microdilution

Methods for MIC Determination
Disk Diffusion – Kirby Bauer

• Qualitative test of the in vitro activity of an 
antibiotic; MIC is not determined

• Filter paper disks impregnated with a fixed 
concentration of an antibiotic are placed on 
agar plates inoculated with a standard 
concentration of the infecting bacteria 

• Clear zone of inhibition is observed around 
the disk - bacteria only grows where 
concentrations of the antibiotic are below 
those required to inhibit bacterial growth

• Zone diameters (in mm) correlate with S, I, R

Methods for MIC Determination
Disk Diffusion
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Methods for MIC Determination
E-Test®

• Combines quantitative benefits of broth dilution 
with the ease of disk diffusion; yields an MIC

• Plastic strip impregnated with known, 
predefined concentration gradient of antibiotic 
is placed on agar plates inoculated with 
standard concentration of infecting bacteria 

• Clear elliptical zone of inhibition is observed  
around strip - bacteria only grow where 
concentrations are below those required to 
inhibit bacterial growth

• MIC = where ellipse crosses the strip

Methods for MIC Determination
Etest®

Antimicrobial Susceptibility 
Testing

• Susceptibility Reports
» For individual bacteria, the report will list the 

antibiotics tested for susceptibility including 
MIC values and CLSI interpretation (S, I, R)

» Caution – only an Indication of the antibiotic’s 
activity in the test tube

» Used for antibiotic selection (directed therapy)

• Hospital Antibiograms
» Susceptibility data for most common bacteria 

isolated in hospital annually
» Helps guide choice for empiric antibiotic 

therapy before bacteria has been identified
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Susceptibility Report

Specimen: Urine

Culture Result: > 105 Escherichia coli

Susceptibilities:

Drug MIC (g/ml) CLSI Interpretation

Ampicillin > 32 Resistant

Cefazolin  8 Susceptible

Ciprofloxacin  0.5 Susceptible

Tobramycin 1 Susceptible

Bactrim  10 Susceptible

Hospital 
Antibiogram

Key Concepts – Susceptibility 
Testing

• Narrow vs. Broad spectrum

• Quantitative
– MIC

– MBC

– Breakpoints: S, I, R based on kinetics, general 
activity, site of infection, clinical data

– Broth dilution – Macro and Micro

– Disk diffusion

– E test

• Qualitative – Agar diffusion (Kirby Bauer)

• Hospital Antibiogram
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Take a 5 Minute Break

How Are Antibiotics Used?
• Empiric therapy - antibiotics given with 

activity against most likely infecting bacteria
» Therapy chosen based on DOC for most likely 

organism and regional susceptibility patterns

» Given until culture and susceptibility results for 
infecting bacteria are available 

• Directed or targeted therapy - antibiotics 
are selected to treat documented infections 
» Antibiotic selected based on results of 

susceptibility studies   change to a more 
narrow spectrum agent

» Given for predefined duration of therapy

How Are Antibiotics Used?

• Prophylactic therapy - antibiotics given to 
prevent the development of infection
» Therapy chosen based on DOC for most likely 

organism and regional susceptibility patterns
» Administered for as long as patient is at risk 

• Combination therapy  
» Broaden bacterial coverage to cover all 

organisms causing infection
» Decrease the emergence of resistance
» Take advantage of synergy when antibiotics 

are used together
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Combination Therapy

» Synergy - activity of the antimicrobial 
combination is greater than expected from the 
additive activity of the individual antibiotics

(A + B) > A + B

» Additive - activity of the combination is no 
greater than the sum of the effects of each 
individual agent

(A + B) = A + B

» Antagonism - activity of the combination is less 
than expected from the additive activity of the 
individual agents

(A + B) < A + B

Combination Therapy

Key Concepts: How Antibiotics Used

• Treatment
– Empiric – predicted pathogens

• Meningitis, Com Acq pneumonia, Sepsis

– Directed or targeted therapy
• Known infection

• Prevention (Prophylaxis)

• Combination
– Cover entire spectrum or organisms

– Prevent emergence of resistance

– Synergy (A + B) > A + B

– Antagonism (A + B) < A + B
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Principles of Antibiotic Therapy

Bacteriostatic:  antibiotic that inhibits 
bacterial growth; killing depends on host 
defense mechanisms
» Disadvantages:  in setting of inadequate host 

defenses, any partially inhibited organisms 
may survive, replicate, and produce recurrent 
infection when the antibiotic is discontinued (or 
serum concentrations fall below MIC)

» Examples include macrolides, ketolides, 
tetracyclines, glycylcyclines, sulfonamides, 
clindamycin, Synercid, linezolid

Principles of Antibiotic Therapy

Bactericidal:  antibiotic kills bacteria; less 
dependent on host defense mechanisms
» Preferable if the host immune system is 

compromised or does not function well (e.g. 
neutropenic, immunosuppressed)

» Required for the treatment of meningitis, 
endocarditis, osteomyelitis, febrile 
neutropenia

» Examples:  penicillins, cephalosporins, 
carbapenems, aztreonam, fluoroquinolones, 
aminoglycosides, vancomycin, daptomycin, 
Bactrim®, metronidazole

Class Group/ Name Static or Cidal

CELL WALL SYNTHESIS INHIBITORSELL WALL SYNTHESIS INHIBITORS
-Lactams Penicillins Bactericidal

Cephalosporins Bactericidal

Carbapenems  Bactericidal

Monobactams (aztreonam) Bactericidal

-lactam inhibitor combos (Zosyn, Unasyn) Bactericidal

Glycopeptides Vancomycin Bactericidal

Lipopeptides* Daptomycin Bactericidal

PROTEIN SYNTHESIS INHIBITORS
Aminoglycosides* Gentamicin, tobramycin, amikacin Bactericidal

Macrolides Erythromycin, azithromycin, clarithromycin Bacteriostatic

Tetracyclines, Glycylcyclines Doxycycline, tetracycline, tigecycline Bacteriostatic

Chloramphenicol Bacteriostatic

Lincosamides Clindamycin Bacteriostatic

Streptogramins Quinupristin/ dalfopristin (Synercid) Bacteriostatic

Oxazolidinones Linezolid Bacteriostatic

NUCLEIC ACID SYNTHESIS INHIBITORSNUCLEIC ACID SYNTHESIS INHIBITORS
Fluoroquinolones* Ciprofloxacin, levofloxacin, moxifloxacin Bactericidal

Metronidazole* Bactericidal

METABOLIC INHIBITORSMETABOLIC INHIBITORS
Sulfonamides Trimethoprim-sulfamethoxazole Bactericidal
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Key Concepts: Static, Cidal

• Bacteriostatic – Inhibit only, host defenses 
required

• Bactericidal – Kill
– Required for endocarditis, meningitis, ? 

Osteomyelitis, neutropenia

• Know whether classes are bacteriostatic or 
bactericidal

Pharmacodynamics of 
Anti-Infectives

Describes the relationship between 
drug concentrations and antimicrobial 
effect - integrates PK and MIC data 

PK / PD (continued)

General concept of pharmacokinetic/pharmacodynamic (PK/PD) modeling. PK/PD modeling combines a PK model component 
that describes the time course of drug in plasma and a PD model component that relates the plasma concentration to the 
drug effect in order to describe the time course of the effect intensity resulting from the administration  of a certain dosage 
regimen (from Derendorf and Meibohm5). 
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Pharmacodynamic Parameters
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Post-Antibiotic Effect

PAE is the time it takes for a bacteria to 
regrow once serum concentrations of the 
antibiotic have dropped below the MIC  
» Duration of PAE is drug and organism specific
» Agents with long PAEs can be dosed to allow 

serum concentrations to fall below the MIC
» Gram-positive bacteria - all antibiotics have 

some PAE; 2 hours for -lactams
» Gram-negative bacteria - prolonged PAEs with 

protein or nucleic acid synthesis inhibitors such 
as aminoglycosides and fluoroquinolones

Concentration Dependent Killing
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Higher serum concentrations = More rapid and extensive killing
Prolonged persistent (post antibiotic) effects

Next Dose
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Time Dependent Killing

Time above MIC
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Post-Antibiotic Effect
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Killing depends on time of exposure above the MIC
not higher serum concentrations
By extending time of infusion, can extend time above
even higher MIC

Higher MIC

1 gram over one hour 1 gram over four hours
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Key Concepts: Pharmacodynamics

• Concentration/Time – PK

• Concentration/Effect (dose response) – PD

• PK/PD – Time/Effect

• AUC/MIC

• Time above (below) MIC

• Concentration dependent killing

• Time dependent killing

• Post antibiotic effect

Antimicrobial Selection

• More complicated than matching a drug 
to a known or suspected pathogen

• Generalized systematic approach
» Confirm presence of infection
» Selection of empiric therapy
» Identification of the pathogen
» Modify (streamline) antibiotic therapy
» Monitor therapeutic response 

Factors to Consider when 
Choosing an Antibiotic

Infection-Specific Parameters
» Severity of infection - influences route of 

administration, dose, number of antibiotics

» Site of infection - antibiotic must get there

» Infecting organism – site of acquisition of 
infection, suspected bacteria and sensitivity  
patterns, drug of choice, combination 
therapy
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Factors to Consider when 
Choosing an Antibiotic

Host Factors
» Allergies - must carefully assess allergy 

history; verify allergic reaction; consider 
degree of cross-reactivity

» Age - may influence potential infecting 
bacteria as well as altered PK

» Pregnancy or nursing - effects of the 
drug on fetus; altered PK parameters 
(Vd, Cl)

Factors to Consider when 
Choosing an Antibiotic

Host Factors
» Renal and hepatic function - diminished 

function may lead to drug accumulation 
and undue toxicity - adjust doses!

• Antibiotics primarily eliminated by kidneys include 
most -lactams, vancomycin, the aminoglycosides, 
some FQs, Bactrim, daptomycin, tetracycline

• Antibiotics primarily eliminated by the liver include 
the macrolides, Synercid, linezolid, clindamycin, 
metronidazole, some FQs, Bactrim, doxycycline, 
tigecycline

Factors to Consider when 
Choosing an Antibiotic

Host Factors
» Concomitant drug therapy - assess for 

potential drug interactions that may 
augment toxicity or alter PK

» Underlying disease states - may 
predispose a patient to a particular 
infection or pathogen
• Diabetes and soft tissue infections

• Burn, trauma patients and skin infections
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Factors to Consider when 
Choosing an Antibiotic

Drug Factors
» In vitro activity and current susceptibilities
» Established clinical efficacy - FDA-

approved indications or other published 
clinical trials

» Drug of choice charts – treatment 
guidelines, books

» PK and tissue penetration - drug must get 
sufficient concentrations at the site of 
infection; route of administration needed

Factors to Consider when 
Choosing an Antibiotic

Drug Factors
» PD - what type of bacterial activity is 

needed for organism and infection type
» Side effect profiles - potential adverse 

effects associated with each drug
» Cost

• Cost of antibiotic itself 
• Number of administrations per day
• Number of antibiotics required to treat the 

infection
• Intravenous versus oral
• Monitoring of serum concentrations and toxicity 

Key Concepts – Antibiotic Selection

• Infection – Severity, site and organism

• Host – Allergy, age, pregnancy, renal/hepatic 
function, drug interactions, underlying 
disease

• Drug – Predicted activity/measured 
susceptibility, “drug of choice”, PK and tissue 
levels, PD (need cidal?), Side Effects, Cost
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Thank you!

Questions


