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 INTRODUCTION TO ANTIBIOTICS 
 

Appropriate antimicrobial therapy for a given infectious disease requires knowledge of the 
potential site of infection; the infecting pathogen(s); the expected activity of the antibiotic(s) 
against the infecting pathogen(s); and host characteristics.  Therefore, appropriate diagnosis is 
crucial.  Specimens should be obtained from the suspected site of infection (optimally BEFORE 
antibiotics are initiated) for microscopy and culture to try and identify the causative pathogen(s). 

 
I. ESTABLISHING THE PRESENCE OF INFECTION – Before initiating antibiotic 

therapy, it is important to first clearly establish the presence of an infectious process.  The 
isolation of an organism from a clinical specimen does not always indicate the presence 
of infection or mandate anti-infective therapy. 
A. NORMAL FLORA, CONTAMINATION, COLONIZATION, OR 

INFECTION 
1. The human body harbors a number of microorganisms that colonize 

certain body systems called “normal flora”, which are normally harmless 
bacteria that occur naturally on the skin, and in the respiratory, 
gastrointestinal, and genitourinary tracts.  
a. Normal flora bacteria are located in anatomic sites where 

pathogenic organisms can cause disease.  They often compete with 
pathogenic organisms for nutrients, stimulate cross-protective 
antibodies, and suppress the growth of pathogenic organisms. 

b. Bacteria that comprise normal flora may become pathogenic when 
host defenses are impaired or when they are translocated to sterile 
body sites during trauma, intravenous line insertion, or surgery 
(necessitating skin disinfection before line insertion or surgery). 

c. Indiscriminate use of antibiotics can alter or eradicate the 
protective normal bacterial flora. 

d. Patients who are hospitalized for more than 48 hours can have their 
usual normal flora replaced by the “normal flora” of the hospital, 
which tend to be gram-negative aerobes. 

e. SITES OF NORMAL FLORA COLONIZATION 
 

SKIN 
Diphtheroids (Corynebacterium spp.) 
Propionibacteriaceae 
Bacillus spp. 
Staphylococci (esp. coagulase-negative) 
Streptococci 

UPPER RESPIRATORY TRACT 
Bacteroides spp. 
Haemophilus spp. 
Neisseria spp. 
Streptococci (anaerobic) 

GASTROINTESTINAL TRACT 
Bacteroides spp. 
Clostridium spp. 
Enterobacteriaceae (E. coli, Klebsiella spp.) 
Streptococci (anaerobic) 
Enterococcus spp. 
Fusobacterium spp. 

GENITOURINARY TRACT 
Lactobacillus spp. 
Corynebacterium spp. 
Enterobacteriaceae – especially E.coli 
Staphylococci (S. saprophyticus) 
Streptococci 
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2. BODY SITES (FLUIDS) THAT ARE STERILE include the 
bloodstream, cerebrospinal fluid, pleural fluid, peritoneal fluid, pericardial 
fluid, synovial fluid, bone, and urine (taken directly from the bladder). 

3. The isolation of an organism from a clinical specimen does not always 
represent the presence of infection - clinicians must consider the clinical, 
laboratory and radiographic evidence available to differentiate between 
contamination, colonization, or infection.   
a. Contamination – an organism is introduced into the clinical 

specimen during the sample acquisition process 
i. Example: isolation of coagulase negative staphylococci in the 

blood of a patient where the blood was drawn via a peripheral 
stick and the patient does not have signs of infection (normal 
skin flora bacteria contaminated blood culture). 

b. Colonization – an organism is present at a body site but is not 
invading host tissue or eliciting host responses. 

   i. Example: isolation of Pseudomonas aeruginosa from a sputum 
culture in a patient without fever, cough, or infiltrate on chest 
x-ray (pathogenic bacteria in patient without clinical/radiologic 
signs of pneumonia). 

 c. Infection – a pathogenic organism is present at a body site and is 
damaging host tissues and eliciting host responses and symptoms 
consistent with infection. 

   i. Example: isolation of Streptococcus pneumoniae in the 
cerebrospinal fluid of a patient with fever, headache, 
photophobia, and neck stiffness. 

4. Clinical signs of infection (both localized and systemic) include: 
 

    LOCALIZED       SYSTEMIC 
pain    purulent discharge   FEVER  malaise 
inflammation  sputum production  chills, rigors  hypotension 
swelling  cough    tachycardia   mental status changes 
erythema  abnormal discharge  tachypnea 

 
5. Laboratory signs suggestive of infection include: 

a. Elevated white blood cell count (peripheral {leukocytosis} and/or 
at site of infection) with a “left shift”  

b. Positive gram stain and culture  
c. Elevated erythrocyte sedimentation rate (ESR) or C-reactive 

protein (CRP) 
d. pO2 - hypoxemia 
e. Positive antigen or antibody titers 

6. Radiographic signs of infection 
 a. Infiltrate on chest x-ray in patients with pneumonia 

b. Periosteal elevation and bony destruction on a bone x-ray in a 
patient with osteomyelitis 

7. Assessment of the Severity of Infection 
a. The severity of a patient’s infection is based on the degree of 

abnormality in the parameters above.  
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b. Significant alterations in cardiac, respiratory and central nervous 
system parameters may signify a serious, life-threatening infection. 

c. The severity of infection may influence the choice, route of 
administration, and dose of antibiotics used. 

8. Common Bacterial Pathogens by Site of Infection 
a. Certain bacteria have a propensity to commonly cause infection in 

particular body sites or fluids.  
b. This information is used to guide the choice of empiric antibiotic 

therapy before the results of the gram stain, culture, and 
susceptibility results are known.  An antibiotic is empirically 
chosen that has a spectrum of activity that covers the most 
common causative bacteria at the patient’s suspected infection site.  

 
SUSPECTED ORGANISMS BY SITE OF INFECTION 

Mouth    Skin & Soft Tissue   Bone & Joint 
Peptococcus   Staphylococcus aureus   Staphylococcus aureus 
Peptostreptococcus  Staphylococcus epidermidis  Staph epidermidis 
Actinomyces israelii  Streptococcus pyogenes   Neisseria gonorrhoeae 
Treponema pallidum  Pasteurella multocida   Streptococcus spp. 
         Gram-negative bacilli 
Abdomen   Urinary Tract                    Upper Respiratory Tract 

 Escherichia coli   Escherichia coli    Streptococcus pneumoniae 
Proteus spp.   Proteus mirabilis   Haemophilus influenzae 
Klebsiella spp.   Klebsiella spp.    Moraxella catarrhalis 
Enterococci   Enterococcus spp.   Streptococcus pyogenes 
Bacteroides spp.  Staphylococcus saprophyticus  
Fusobacterium spp. 

 Lower Respiratory Tract Lower Resp Tract   Meningitis 
 Community-Acquired  Hospital-Acquired     
 Streptococcus pneumoniae Staphylococcus aureus (MRSA)  Streptococcus pneumoniae 
 Haemophilus influenzae  Pseudomonas aeruginosa 
 Neisseria meningitidis  Klebsiella pneumoniae 
     Acinetobacter sp. 
 Klebsiella pneumoniae  Enterobacter spp.   Haemophilus influenzae 
 Legionella pneumophila  Citrobacter spp.   Group B Strep 
 Mycoplasma pneumoniae Serratia spp.    Escherichia coli 
 Chlamydophila pneumoniae Acinetobacter spp.   Listeria monocytogenes  
 Moraxella catarrhalis  Staphylococcus aureus 
 
 
 

When selecting an antibiotic for a particular infection, one of the issues that will be considered is the result of 
antimicrobial susceptibility testing of the infecting pathogen, which typically takes 24 to 48 hours or more to 
perform.  If the susceptibility results of the infecting pathogen are not yet known, an antibiotic is empirically 
selected based on the most likely infecting organism and current local susceptibility patterns.  In most cases, 
therapy must be initiated at the suspicion of infection since infectious diseases are often acute, and a delay 
in treatment may result in serious morbidity or even mortality (e.g., meningitis, pneumonia).  Once the 
susceptibility results of the infecting bacteria are known, empiric antibiotic therapy should be streamlined to 
an antibiotic agent with more specific activity toward the infecting bacteria. 
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II. ANTIMICROBIAL SUSCEPTIBILITY TESTING 
 
A. General Antimicrobial Spectrum of Activity - the spectrum of activity for each 

antibiotic is a general list of bacteria that the antibiotic displays activity against.  
However, since bacteria may become resistant to antibiotics over time, recent 
national, local, and specific organism susceptibility data should be considered when 
selecting an antibiotic to treat a specific patient’s infection. 
1. Narrow Spectrum: the antibiotic has activity against a limited group of 

bacteria (e.g., penicillin has activity against some gram-positive and gram-
negative cocci, but not gram-negative bacilli). 

2. Broad Spectrum: the antibiotic has activity against a wide variety of bacteria, 
such as gram-positive and gram-negative bacteria (e.g., imipenem has activity 
against gram-positive and gram-negative aerobes and anaerobes). 

 
B. Susceptibility Definitions  

1. Minimum Inhibitory Concentration or MIC– the lowest concentration of 
an antibiotic that prevents visible growth (unaided eye) of a bacteria after 18 
to 24 hours of incubation 

2. Minimum Bactericidal Concentration or MBC – the lowest concentration 
of an antibiotic that results in a decrease of > 99.9% of the bacterial inoculum 
(MIC  MBC) 

3. Susceptibility Breakpoints – interpretive guidelines established by the 
Clinical and Laboratory Standards Institute (CLSI) that categorize the MIC 
values or zone sizes for each antibiotics against each bacteria as: 
a. Susceptible (S) – organism will most likely be eradicated during 

treatment of infection using normal doses of the specified antibiotic; 
concentrations of the antibiotic represented by the MIC are easily 
achieved in patient’s serum with usual doses. 

b. Intermediate (I) – results are considered equivocal or indeterminate; 
MICs are higher, and treatment may be successful when maximum 
doses are used or if the drug concentrates at the site of infection. 

c. Resistant (R) – indicates less than optimal results are anticipated if the 
particular antibiotic is used; the MIC exceeds usual serum 
concentrations (even if maximal doses are used). 

d. The interpretive guidelines for S, I, and R of each antibiotic are often 
different because they are based on clinical PK of the individual drug 
(achievable serum and tissue concentrations), general activity of the 
antibiotic, site of infection, and data from clinical efficacy trials. 

e. Susceptibility breakpoints differ for each antimicrobial drug class and 
even between antibiotics within the same drug class – therefore, MIC 
values often cannot be compared between antibiotics. 

 
C. TESTING METHODS FOR SUSCEPTIBILITY - once an organism is cultured in 

the microbiology lab, further testing is performed to determine the antibiotic 
susceptibility of the organism to serve as a guide to streamline antibiotic therapy. 
1. Broth Dilution (macrodilution with test tubes, microdilution with automated 

microtiter plates or cassettes) – a quantitative determination of the in vitro 
activity of an antibiotic since an exact MIC or MIC range can be determined 
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a. Dilutions of an antibiotic (based on achievable serum concentrations 
after usual doses) are placed in broth with a standard inoculum of the 
infecting bacteria and incubated for 18 to 24 hours. 

b. MIC = the lowest concentration of an antibiotic that prevents visible 
growth of the infecting bacteria after 18 to 24 hours of incubation 
(clear to unaided eye with macrodilution; automated systems by the 
machine). 

c. Macrodilution testing employs two-fold serial dilutions of an 
antibiotic (based on achievable serum concentrations after usual doses) 
incubated in test tubes with a standard inoculum of the patient’s 
infecting bacteria; the exact MIC of the antibiotic is the first tube 
without visible growth; labor and resource intensive. 
i. MBC – lowest concentration of the antibiotic that kills bacteria 

   Test tubes without visible growth are cultured on agar 
plates. After incubation colonies counted - MBC is the 
concentration that reduced the original inoculum by 
99.9% after 24 hours of incubation. 

 MBC is only determined in limited circumstances such 
as in the treatment of certain infections where 
bactericidal activity may be more predictive of a 
favorable outcome (meningitis, endocarditis). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

d. Microdilution methods employ microtiter plates or cassettes that 
contain wells with serial dilutions of several antibiotics that can be 
tested for susceptibility simultaneously in an automated system.   

e. Size constraints of the plates or cassettes allow only a limited number 
of concentrations to be tested for each antibiotic (usually those 
representing the S, I, and R breakpoints), so that an MIC range may be 
reported instead of an exact MIC (for example  8 g/ml, susceptible). 

f. Automated microdilution systems are the most common method utilized 
in microbiology labs for susceptibility testing because less labor and 
resources are required for performance. 

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



Pharmacology & Therapeutics     Introduction to Antibiotics 
August 30, 2016  Paul O’Keefe, M.D. 
 

 6

2. Disk Diffusion (Kirby Bauer Method) – a qualitative determination of the in 
vitro activity of an antibiotic 
a. Filter paper disks impregnated with a fixed concentration of an 

antibiotic are placed on agar plates inoculated with a standardized 
inoculum of the patient’s infecting bacteria. 

b. Bacteria multiply on the plate while antibiotic diffuses out of the disk; 
bacterial growth occurs only in areas where drug concentrations are 
below those required to cause inhibition of bacterial growth. 

c. A clear zone of inhibition is then observed around the disk - the larger 
the diameter, the more active the drug against the bacteria.  Zone 
diameters in millimeters (mm) for each drug have been correlated to 
susceptible and resistant interpretations; however, exact MICs cannot 
be determined. 

 

 
With permission from: Diagnostic Microbiology, 12th edition, 2007, page 195 

 

3. E-Test (Epsilometer Test) – combines the quantitative benefits of 
microdilution with the ease of agar dilution 
a. A plastic strip impregnated with a known, prefixed concentration 

gradient of antibiotic is placed on an agar plate with a standardized 
inoculum of the patient’s infecting bacteria. 

b. Bacteria multiply on the agar plate while antibiotic diffuses out of the 
strip according to the concentration gradient; bacterial growth occurs 
only in areas where drug concentrations are below those required to 
cause inhibition of bacterial growth. 

c. An elliptical zone of inhibition is then formed, and the MIC is 
measured where the ellipse crosses the antibiotic strip. An exact MIC 
can be determined. 
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With permission from: Diagnostic Microbiology, 12th edition, 2007, page 200 

 

 4. Susceptibility Reports 
a. For each patient’s infecting bacteria, a susceptibility report will be 

generated that lists the antibiotics that were tested for activity 
against the organism, the exact MIC or zone size (or MIC range if 
automated systems are used) and CLSI interpretation (S, I, and R). 

b. This information is utilized with other clinical and patient-specific 
parameters (to be discussed later) to select an antibiotic regimen 
for the treatment of the patient’s infection. 

5. Hospital Antibiograms 
a. Susceptibility data from organisms cultured from patients (inpatients 

and/or outpatients) are compiled in an annual report called an 
Antibiogram.    

b. The susceptibility data in an antibiogram is typically used to help 
guide the choice of empiric antibiotic therapy before the infecting 
organism has been identified in the lab. Clinicians use the antibiogram 
to determine the most active antibiotic against specific organisms at 
that specific institution. 

 
 

 
 
 
 
 

III. HOW ANTIBIOTICS ARE USED   
 

A. The treatment of infectious diseases is quite different than other disease states 
requiring drug therapy in a number of ways:   
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1. Antibiotics can be used to treat a suspected or documented infection, or can be 
used to prevent an infection from occurring in high-risk patients.  

2. Additionally, anti-infective therapy is typically given for a finite duration of 
therapy or a particular number of days based on previous clinical data for that 
infection type and/or infecting organism.  Occasionally, some patients may 
receive anti-infective therapy for an infinite duration (such as that given for 
diabetes, CHF, or hypertension). 

 
B. Empiric Therapy – Antibiotics are administered that have activity against the 

predicted or most likely pathogens causing a patient’s infection based on the signs and 
symptoms of infection.  The site of infection may or may not be known, and the 
culture results are pending, negative, or unobtainable. 
1. Examples – antibiotics are started in a patient with community-acquired 

pneumonia who is unable to expectorate a sputum sample; a patient presents 
to the hospital with signs of bacterial meningitis and antibiotics are started 
immediately after a lumbar puncture is performed. 

2. The initial antibiotic therapy is selected based on the known or probable site of 
infection, the most likely causative organism(s), the drug of choice for that 
particular organism and infection, and the local (hospital antibiogram) or 
regional susceptibility patterns of the suspected bacterial pathogens. Empiric 
antibiotic therapy usually covers a wide variety of bacteria (broad-spectrum). 

3. Empiric therapy is usually administered until the culture and susceptibility 
results are available.  If an organism is not isolated, empiric therapy may be 
continued until the finite duration of antibiotic therapy has been completed for 
that infection type, assuming the patient is improving.  

 
C. Directed or targeted therapy – antibiotics are used to treat an established infection 

where the site of infection, causative pathogen, and antibiotic susceptibilities are 
known. 
1. Example – a patient has bacteremia with methicillin-susceptible 

Staphylococcus aureus and is receiving intravenous nafcillin therapy. 
2. Antibiotic therapy is selected based upon the susceptibility results of the 

infecting pathogen, and is typically changed from the empiric antibiotic 
originally chosen to a more narrow-spectrum agent directed toward the 
infecting organism. 

3. Antibiotics are given for the finite duration of therapy as determined by the 
infection type.  All effective antibiotics that have been administered for the 
infection count toward the effective days of therapy (empiric and directed).  

 
 

D. Prophylactic Therapy – antibiotics are given to prevent the development of infection 
during a procedure or immunocompromised state when there is a considerable risk of 
infection 
1. Examples – a patient with a prosthetic heart valve is given amoxicillin to 

prevent endocarditis at the time of a bacteremia-inducing dental procedure; an 
AIDS patient is given Bactrim to prevent Pneumocystis carinii pneumonia 
when the CD4 count is less than 200 cells/mm3; antibiotics are given prior to 
surgical procedures to prevent surgical site infections 
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2. Antibiotic therapy is selected based on the local and regional susceptibility 
patterns of the most likely infecting bacteria.  

3. Prophylaxis is administered for as long as the patient is at risk, such as single 
dose antibiotic therapy for surgical/dental prophylaxis or longer durations of 
antibiotic therapy during immunosuppressive states. 

 

E. Combination Therapy  
1. Combination therapy may be selected in a limited number of circumstances 

for the treatment of infection: 
a. To provide coverage against all organisms in a mixed, polymicrobial 

infection where a single antibiotic does not cover all of the infecting 
organisms – used to broaden bacterial coverage. 

b. To take advantage of synergistic properties when the antibiotics are 
used together. 

c. To decrease the emergence of resistance – only for tuberculosis. 
2. Synergy – the activity of the antimicrobial combination is greater than that 

expected from the additive activity of the individual antimicrobials 
a. (A + B) > A + B 
b. Example: ampicillin and gentamicin are administered together in the 

treatment of Enterococcal endocarditis in order to produce 
bactericidal activity and achieve successful eradication of the 
infection (alone each agent is bacteriostatic against Enterococcus)  

3. Additive – the activity of the antimicrobial combination is no greater than the 
sum of the effects of each individual component (no greater and no worse) 

a. (A + B) = A + B 
4. Antagonism – the activity of the antimicrobial combination is less than that 

expected from the additive activity of the individual antimicrobials 
a. (A + B) < A + B 
b. Example: azole antifungals and amphotericin B 

 
IV. PHARMACODYNAMIC CONSIDERATIONS 
 

A. Type of antibacterial activity – BACTERIOSTATIC or BACTERICIDAL? 
1. Bacteriostatic – antimicrobial agents that inhibit the growth of susceptible 

bacteria and rely on host defenses to help kill the bacteria and subsequently 
eradicate the infection 
a. Typically, normal host defenses are required for clinical success of 

bacteriostatic agents, so they should be used with caution in patients who 
are immunocompromised. 

b. Examples: macrolides, ketolides, streptogramins, oxazolidinones, 
tetracyclines, glycylcyclines, sulfonamides (alone), and clindamycin 

2. Bactericidal – antimicrobial agents that kill susceptible bacteria in the 
absence of host defenses 
a. Bactericidal activity is considered essential in the treatment of 

infections located in sites where host defenses are not adequate 
including the meninges (meningitis), heart valves (endocarditis), and 
bone (osteomyelitis); as well as in patients with impaired host defenses 
(febrile neutropenia). 
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b. Examples: -lactams, aminoglycosides, vancomycin, daptomycin, 
fluoroquinolones, metronidazole, and trimethoprim-sulfamethoxazole 

 
B. Pharmacodynamics (PD) is the study of the time course or rate of bacterial killing 

relative to serum concentrations.  The study of pharmacodynamic provides a rational 
basis for optimizing dosing regimens by describing the relationship between drug, 
host, and antimicrobial effect by integrating both pharmacokinetic and MIC data. 

 
 
 
 
 
 
Absorption 
Distribution 
Elimination 
 

Pharmacokinetics  Pharmacodynamics 
 

C. PD studies have demonstrated marked differences in the time course of bacterial 
killing among different antibiotics, described by examining the relationship between 
pharmacokinetic parameters and the MIC.  

 
D. On the basis of PD studies, antibiotics can generally be divided into 2 major groups 

on the basis of their bactericidal activity: 
1. Concentration-dependent – the higher the serum concentration of the 

antibiotic, the more rapid and extensive the degree of bacterial killing.  
Concentration-dependent agents also appear to have prolonged persistent 
effects (post antibiotic effects or PAE) that allow for infrequent dosing. 
a. Examples of concentration-dependent antibiotics include the 

aminoglycosides, the fluoroquinolones, daptomycin, and 
metronidazole  

b. The major PD parameters that correlate with clinical and microbiologic 
outcome (efficacy) of concentration-dependent antibiotics are the 
Peak/MIC ratio and the AUC/MIC ratio. 

c. Goal of dosing - infrequent dosing of large doses to maximize drug 
concentrations or magnitude of exposure for optimal bacterial 
killing. 

2. Concentration-independent (time-dependent) – higher serum 
concentrations of the antimicrobial do not produce enhanced bacterial killing.  
The extent of bacterial killing is largely dependent on the time of exposure.  
These agents are not rapidly bactericidal, and typically have a short or 
nonexistent PAE. 
a. Examples include the -lactams, clindamycin, macrolides, ketolides, 

vancomycin, tetracyclines, linezolid, Synercid 
b. Goal of dosing - optimize the duration of exposure (Time>MIC).  

Maintain the serum concentrations of the antibiotic above the 
MIC for the infecting pathogen for at least 40-70% of the dosing 
interval, depending on the organism. 

Dosage 
Regimen 

Concentration 
versus time in 

serum 

Concentration 
versus time in tissue 
and other body fluid 

Concentration 
versus time at site 

of infection

Pharmacolgic or 
toxic effect 

Antimicrobial 
effect versus time 



Pharmacology & Therapeutics     Introduction to Antibiotics 
August 30, 2016  Paul O’Keefe, M.D. 
 

 11

 
E. Post-Antibiotic Effect (PAE) – the time it takes for a bacteria to recover after 

exposure to an antibiotic, or the time it takes for bacteria to recover and begin 
regrowth after an antibiotic has been removed. 
1. The exact duration of the PAE is drug and organism specific. 
2. Agents with appreciable PAEs may be dosed to allow serum concentrations to 

fall below the MIC of the infecting bacteria since regrowth will not occur for a 
finite period (for as long as the antibiotic’s PAE). 

3. All antibiotics produce some PAE against gram-positive bacteria; the PAE 
for -lactams is approximately 2 hours. 

4. For gram-negative bacteria, prolonged PAEs are observed after exposure to 
protein synthesis inhibitors or nucleic acid synthesis inhibitors 
(fluoroquinolones and aminoglycosides); -lactams have short or nonexistent 
PAE.  

 
V. ANTIMICROBIAL REGIMEN SELECTION 
 

A. Choosing an antibiotic to treat a patient’s infection is more complicated than simply 
matching a drug to a known or suspected pathogen.  The decision is typically based 
on the interrelationship between the patient, the infection, and the characteristics of 
the antibiotic. 
 

B. When selecting an antibiotic for the treatment of an infection, a variety of factors 
must be considered: 
1. Infection-Specific Factors 

a. Severity of infection (mild. moderate, severe, life-threatening) – 
influences the route of administration, dose, number of antibiotics 
Oral – for infections that are mild, or for those that are significantly 
improved and can be treated on an outpatient basis 
IV – used for infections that are serious or life-threatening, or for 
antibiotics with insufficient absorption from the GI tract. 

b. Site of infection – influences the antibiotic and dose, since adequate 
concentrations of the drug must reach the site of infection for efficacy.  
Special considerations must be made for the treatment of meningitis 
(cross blood-brain barrier), endocarditis, prostatitis, etc. 

c. Infecting organism – site of acquisition of the infection (community 
versus hospital, nursing home); exposure to ill family members, pets; 
employment; recent travel; known or anticipated susceptibility 
patterns; empiric versus directed therapy; drug of choice for particular 
organism/infection; need for combination therapy 

2. Host Factors – patient-specific characteristics should be considered in every 
patient in whom antimicrobial therapy will be instituted 
a. Allergies – careful assessment of allergy history should be performed 

to ascertain the potential antimicrobial agents that may be used for a 
patient’s infection. 
i. A careful allergy history is necessary because many patients 

confuse common adverse effects with true allergic reactions 
(GI effects such as nausea, vomiting, or diarrhea). 
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ii. The most common antibiotic allergy is to the penicillins; must 
consider the allergic reaction as well as the degree of cross-
reactivity to other -lactam antimicrobials.  

iii. Allergy to a specific antibiotic precludes the use of that 
antibiotic (and often antibiotic class) for the treatment of 
infection.   Typically, allergy to one macrolide precludes the 
use of other macrolides, and the same holds true for other 
antibiotics among the same class. 

b. Age – aids in identification of the causative pathogen, as well as 
assessing the patient’s ability to eliminate antimicrobial agents. 
i. The causative pathogen in meningitis varies markedly 

depending on the age of the patient. 
ii. The pharmacokinetics (PK) of different antibiotics may be 

altered based on the age of the patient including protein 
binding, metabolism, or renal elimination of an antimicrobial 
agent, which may influence drug selection or drug dosing. 
 Premature neonates develop kernicterus from sulfonamides 

due to displacement of bilirubin from albumin. 
 Renal function (and elimination) declines with age. 
 Age-related hepatotoxicity with isoniazid. 

c. Pregnancy and nursing – the fetus is at risk for teratogenicity during 
pregnancy and adverse effects while nursing during antibiotic therapy 
with some agents.  Also, PK parameters are altered during pregnancy 
(increased volume of distribution and clearance for some drugs) and 
must be taken into account when dosing. 

d. Renal and hepatic function – patients with diminished renal or 
hepatic function will accumulate certain anti-infectives, which may 
lead to undue toxicity.  Dosage adjustments are necessary ensure 
efficacy but avoid undue toxicity. 
i. Antibiotics primarily eliminated by the kidney include most -

lactams (except nafcillin, oxacillin, ceftriaxone, cefoperazone); 
most fluoroquinolones, clarithromycin, aminoglycosides, 
vancomycin, daptomycin, Bactrim, and tetracycline.  Dosages 
can be adjusted according to predetermined guidelines. 

ii. Some antibiotics may be removed during a hemodialysis 
session and require supplemental dosing.  

iii. Liver dysfunction will alter the elimination of chloramphenicol, 
clindamycin, metronidazole, nafcillin/oxacillin, linezolid, 
Synercid, erythromycin, azithromycin, doxycycline, 
tigecycline, and Bactrim.  Dosage adjustments in this setting 
are not well-studied.  

e. Concomitant drug therapy may influence the antibiotic used, the 
dose, or monitoring (occurrence of a drug-drug interactions) 
i. Augmented toxicity – coadministration of drugs may increase 

the likelihood of toxicity (vancomycin and gentamicin  
nephrotoxicity; ganciclovir and zidovudine  neutropenia) 

ii. Altered PK – coadministration may alter the A, D, M, and E of 
either agent (divalent cations decrease the absorption of fluoro-
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quinolones and tetracyclines   concentrations and treatment 
failure) 

f. Underlying disease states influence antibiotic selection by 
predisposing the patient to certain infections or particular causative 
pathogens related to their disease state. 
i. Patients with diabetes or peripheral vascular disease are prone 

to soft tissue infections of the lower extremities; patients with 
chronic lung disease are prone to pulmonary infections. 

ii. Underlying immunosuppression (malignancy, acquired 
immunodeficiencies) may lead to a wide variety of infections 
due to a number of etiologic agents. 

iii. Disruption of integumentary barriers from burns, trauma, or 
iatrogenic wounds (surgery, intravascular lines) may increase 
the risk of infection. 

3. Drug Factors – the individual characteristics of each antibiotic must be 
considered when selecting the most appropriate agent 
a. In vitro spectrum of activity and current susceptibilities – 

antibiogram, national, regional, or local   
b. Clinical efficacy as demonstrated by FDA-approved indications or 

other clinical studies in the published literature 
c. Drug of choice charts – textbooks, treatment guidelines; the drug of 

choice for a specific infection is often based on the in vitro activity 
against the causative organisms, documented clinical efficacy of the 
agent against the causative organisms, PK properties of the drug 
(adequate concentration at site of infection), patient characteristics, etc  

d. Dosage forms available – oral (tablet, capsule, suspension), parenteral 
(intramuscular, intravenous), intrathecal  
i. The route of administration depends on the severity of illness 

of the patient (patient with hypotension should not receive oral 
therapy due to unreliable drug absorption); the age of the 
patient (can the patient swallow a tablet?); available dosage 
forms; etc.  

ii. Antibiotics that are only available orally should not be used for 
the treatment of meningitis 

e. Pharmacokinetics (tissue penetration, route of elimination) - 
choose an anti-infective that achieves adequate concentrations in the 
serum and the site of infection (with meningitis – agent must cross the 
blood brain barrier, etc.).    

 
 

f. Pharmacodynamics 
i. What type of activity is required to treat the patient’s infection - 

bacteriostatic or bactericidal? 
ii. Consideration should be given to the type of bactericidal 

activity (concentration-dependent or time-dependent) the 
antibiotic provides and use this information to select an 
appropriate dose.   



Pharmacology & Therapeutics     Introduction to Antibiotics 
August 30, 2016  Paul O’Keefe, M.D. 
 

 14

g. Side effect profiles - the potential adverse events associated with the 
use of each antibiotic must be carefully considered for each patient 
i. Nephrotoxic agents should be used with caution (e.g., 

aminoglycosides, amphotericin) in patients with underlying 
renal insufficiency.  

h. Cost – antimicrobial agents are a major portion of hospital drug 
expenditures, and include more than just the obvious acquisition cost 
of the drug.  Other considerations include the ancillary costs 
(preparation, storage, distribution, and administration of the drug), cost 
of frequent dosing, and the costs associated with monitoring and 
managing toxicity or serious adverse effects.   
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APPENDIX A:  CLINICALLY-RELEVANT BACTERIA 
 

GRAM-POSITIVE AEROBES    GRAM-NEGATIVE AEROBES 
 
Gram-positive cocci in clusters      Gram-negative cocci 

Staphylococcus aureus       Moraxella catarrhalis 
Staphylococcus epidermidis     Neisseria meningitidis 
Staphylococcus saprophyticus     Neisseria gonorrhoeae 
Staphylococcus haemolyticus    Gram-negative coccobacilli 
Staphylococcus hominis      Haemophilus influenzae 
Staphylococcus capitis      Haemophilus parainfluenzae 
Staphylococcus saccharolyticus    Gram-negative bacilli 

Gram-positive cocci in pairs      Enterobacteriaceae 
Streptococcus pneumoniae     Citrobacter freundii 

Gram-positive cocci in chains      Enterobacter aerogenes or cloacae
 Group Streptococcus      Escherichia coli 

Group A Strep - Streptococcus pyogenes    Klebsiella pneumoniae 
Group B Strep - Streptococcus agalactiae   Morganella morganii 
Group C Strep - Streptococcus equi    Proteus mirabilis or vulgaris 
Group D Strep – S bovis, S. equinus    Providencia spp 
Group F, G Strep      Salmonella spp. 

 Viridans Streptococcus     Shigella spp. 
Streptococcus mitis      Serratia marcescens 
Streptococcus milleri      Yersinia pestis 
Streptococcus mutans    
Streptococcus sanguis      Non-Enterobacteriaceae 
Streptococcus salivarius      Acinetobacter spp 
Streptococcus intermedius     Aeromonas hydrophila 

Gram-positive cocci in pairs AND chains     Bordetella pertussis 
 Enterococcus faecalis      Burkholderia cepacia 
 Enterococcus faecium      Campylobacter jejuni 
 Enterococcus gallinarum     Gardnerella vaginalis 
 Enterococcus casseliflavus     Helicobacter pylori 

Gram-Positive BACILLI        Pasteurella multocida 
Bacillus anthracis      Pseudomonas aeruginosa 
Bacillus cereus       Stenotrophomonas maltophilia 
Corynebacterium diphtheriae      Vibrio cholerae 
Corynebacterium jeikeium    
Lactobacillus spp. 
Listeria monocytogenes 
Nocardia asteroides 
Streptomyces spp. 
 
 
 
 
 
 
 
 
 
ANAEROBES 
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“Above the Diaphragm” 

 
Gram-positive cocci  Gram-negative cocci          Gram-positive bacilli 

 
Peptococcus   Prevotella   Actinomyces israelii 
Peptostreptococcus  Veillonella   Prevotella 
        Porphyromonas 
        Fusobacterium 

 
“Below the Diaphragm” 

 
Gram-positive bacilli Gram-negative bacilli 

 
Clostridium perfringens Bacteroides fragilis 
Clostridium difficile Bacteroides fragilis group  {“DOT” = distasonis, ovatus, 

thetaiotamicron)  
Clostridium tetani  Fusobacterium spp. 
    Prevotella 

 
“Skin Anaerobes” 
Propionibacterium acnes (a gram-positive bacilli) 

 
ATYPICAL BACTERIA 
Chlamydophila pneumoniae 
Chlamydia trachomatis 
Legionella pneumophila 
Mycoplasma pneumoniae 

 
SPIROCHETES 
Treponema pallidum (syphilis) 
Borrelia burgdorferi (Lyme disease) 
Leptospira interrogans 
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APPENDIX B:  ANTIBIOTIC CLASS SUMMARY 

 
Class Group/ Name Static or Cidal

CELL 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 INHIBITORS 
Fluoroquinolones* Ciprofloxacin, levofloxacin, moxifloxacin  Bactericidal 
Metronidazole*  Bactericidal 
METABOLIC INHIBITORS 
Sulfonamides Trimethoprim-sulfamethoxazole Bactericidal 

 
 

* Concentration-dependent bactericidal activity 
 
 

 


