Anti-infective Drugs
· Infection – the colonization or invasion of the body by pathogenic microorganisms
· Components of the chain of infection:

a.) infectious agent

b.) reservoir or source

c.) portal of exit

d.) mode of transmission

e.) portal of entry

f.) susceptible host
   
· The modern age of anti-infective therapy began with the discovery and use of sulfanilamide in 1936.

· Anti-infective drugs include: antibiotics, anti-tubercular, anti-fungal, antiviral, and anti-parasitic.

· Factors that increase the susceptibility of the body to infection include:

a.) Age – the young (pediatric) have immature immunological defense mechanism; the old (geriatric) have diminished defense mechanisms

b.) Exposure to pathogenic organisms

c.) Disruption of the body’s normal barriers  

d.) Inadequate immunological defenses – immunosuppressive drugs as corticosteroids and antineoplastics
e.) Impaired circulation – lesser WBC 

f.) Poor nutritional status

· Sources of infection includes: bacteria, fungi and viruses.
· Identification of the organism – when the identity of the organism is to be established before the therapy, a specimen of blood, sputum, urine, feces or tissue is collected. Tests include:

a.) microscopic examination – under appropriate magnification

b.) gram staining – rapid method for establishing th biochemical nature of the cell wall

c.) culture – seeding of a nutrient medium with the specimen (48-72 hours)

d.) sensitivity test – establish the sensitivity of an infecting organism to antimicrobial agents

· empirical therapy – sometimes the physician gives initial medication upon assessment of the signs of infection even without the test results

· Selection of antimicrobial agents must be based on the factors:

· location of the infection

· status of the client’s organ functions

· age of the client

· pregnancy or lactation

· likelihood of organisms developing that are resistant to that antimicrobial agents

· Classification of antimicrobial  agents:

· bactericidal – kills the microbes 

· bacteriostatic – inhibit bacterial growth

· narrow-spectrum – treat infections caused by relatively limited number of organisms

· broad-spectrum – act on a wide variety of organisms
· Actions of antimicrobial agents:

· Inhibits cell wall synthesis – destroy structural cell integrity resulting to cell death

· Inhibit protein synthesis

· Interferes with protein formation

· Prevent growth and reproduction of organisms

· Interfere with cell membrane permeability

· Permit leakage of intracellular components

· Anti-metabolite – block or alter specific metabolic step essential for normal function of bacterial cell 

· Adverse effects
· Hypersensitivity reactions – may be manifested as rash, urticaria, fever, bronchospams, anaphylaxis. A client who exhibits hypersensitivity reaction to an antibiotic may develop a similar reaction with an agent in the same or related chemical class, a phenomenon called cross-sensitivity. 

· Organ toxicity – likely to occur in clients with impaired organ functions involving the liver, kidneys, CNS. Irritation of the GI tract is the most common form of toxicity with oral agents. Nephrotoxicity (pt. exhibits ‘red man syndrome’ – deep red color in the face and neck) result from vancomycin.

· Hematological disorders – chloramphenicol cause fatal aplastic anemia
· Selecting an Anti-infective Drug

· Microorganism must be isolated and identified

· The susceptibility to various drugs must be determined.

· The location of the infection must be considered

· The cost of the drug as well as its potential adverse effects and the possibility of patient allergies must be considered.

General Nursing Guidelines in Administering Antimicrobial Agents

Assessment:

1. Assess each client for the presence of factors that increases risks for infection.

2. Assess culture reports for causative organisms.

3. Assess susceptibility reports for appropriate antibacterial drug therapy.

4. Assess clients for drug allergies.

5. Assess baseline data about renal and hepatic function and other factors that aid monitoring for therapeutic and adverse drug effects.

6. Assess for characteristics that increase risks of adverse drug effects.

Nursing Diagnosis
1. Fatigue related to infection

2. Activity intolerance related to fatigue

3. Diarrhea related to antimicrobial therapy

4. Imbalance nutrition: less than body requirements related to anorexia, nausea, and vomiting associated with antimicrobial therapy

5. Risk for injury related to infection or adverse drug effects

6. Risk for infection related to emergence of drug-resistant microorganism/drug induced superinfections

7. Deficient knowledge: methods of preventing infections

8. Risk for deficient fluid volume related to adverse GI reactions

Planning/Goals

The client will:

1. Receive antimicrobial drugs accurately when given by health care providers 

2. Take drug as prescribed and for the length of time prescribed when self administered

3. Experience decreased fever and other signs and symptoms of infection

4. Be monitored regularly

5. Receive prompt treatment of potential adverse effects

6. Verbalize and practice measures to prevent future infections

7. Safeguarded against nosocomial infections

Interventions

1. Use universal precaution

2. Promote general health measures

3. Keep clients skin clean and dry

4. Treat all body fluids and body substances as infectious

5. Implement isolation procedures appropriately

6. Have clients wash hands after coughing, sneezing, and contact with other people

7. Assist clients at risk about pulmonary hygiene

8. Use sterile technique when changing dressing

9. Personnel with lesion should not work until lesion are healed

10. Maintain total fluid intake of approximately 3000 ml for 24 hours

11. Assist client in taking antimicrobial drugs safely

12. Follow the manufacturer’s instructions for reconstitution, dilution, and storage of drugs, check for expiration dates

13. Shake oral suspensions well before administering

14. Be aware that therapy usually continues for 7 to 10 days 

Evaluation

1. Interview and observe for compliance

2. Observe for adverse effects

3. Evaluate for infection control

4. Patient is free from infection

A.) Antibacterial agents 

- either destroy bacteria or inhibit their growth. Bacteria are one-celled organisms. They have a cell membrane that regulates passage of nutrients into and out of the cell. Cell wall provides rigidity and support. The nucleus contains nucleic acids RNA and DNA.
A. Antibacterial Drugs
· Penicillins

· Cephalosporins

· Carbapenems

· Monobactams

· Aminoglycosides

· Flouroqiunolones

· Tetracyclines

· Lincomycin derivatives
· Macrolides

· Vancomycin

· Sulfonamides
· Nitrofurantoin

General Nursing Actions When Giving Anti-Bacterial Medications

1. Administer accurately

a. Schedule at evenly spaced intervals around the clock

b. Give mot oral antimicrobials on an empty stomach, approximately 1 hour before or 2 hours after meals.

c. For oral and parenteral solutions from powder form, follow label instructions for mixing and storing. Check expiration dates.

d. Give parenteral antimicrobial solutions alone; do not mix with other drug in a syringe or IV solution.

e. Give IM antimicrobials deeply into large muscle masses, and rotate injection sites.

f. For IV administration, use dilute solutions, give direct injections slowly and intermittent solutions over 30-60 mins.

2. Observe for therapeutic effects

a. with local infections, observe for decreased redness, edema, heat, and pain.

b. with systemic infections, observe for decreased fever and white blood cell count, increased appetite, and reports of feeling better.

c. with wound infections, observe for decreased signs of local inflammation and decreased drainage.

d. with  respiratory infections, observe for decreased dyspnea, coughing, and secretions

e. with urinary tract infections, observe for decreased urgency, frequency, and dysuria

f. absence of signs and symptoms of infection when given prophylactically

3. Observe for adverse effects

a. Hypersensitivity

b. Superinfections

c. Phlebitis at IV sites; pain at IM sites

d. Nausea and vomiting

e. Diarrhea

f. Nephrotoxicity

g. Neurotoxicity

h. Bleeding

4. Observe for Drug interactions

· Penicillins

· natural penicillins (penicillin G benzathine, penicillin G potassium, penicillin G procaine, penicillin G sodium, penicillin V potassium)

· penicillinase-resistant penicillins (dicloxacillin sodium, nafcillin sodium, oxacillin sodium)

· aminopenicillins (amoxicillin, ampicillin)

· extended-spectrum penicillins (carbanicillin indanyl sodium, ticarcillin disodium)

Pharmacokinetics

· absorbed mainly in the duodenum and the upper jejunum of the small intestines

· distributed widely to most areas of the body (lungs, liver, kidneys, muscle, bone, and placenta)
· high concentrations also appear in urine

Pharmacodynamics

· bactericidal in action

· bind reversibly to enzymes(PBPs- penicillin-binding proteins) outside the bacterial cytoplasmic membrane

Pharmacotherapeutics

· wide spectrum antibiotics

· cover gram-positive, gram-negative, and anaerobic organisms

Adverse Reactions

· anaphylactic reactions
· serum sickness

· drug fever

· various skin rashes

· tongue inflammation

· nausea and vomiting
· diarrhea

· liver toxicity

· Cephalosporins
· broad-spectrum agents

· used against gram-positive and gram-negative bacteria (but less active against gram (+) organisms, but more active against gram (-) ones)

· First-generation cephalosporins- cefadroxil, cefazolin sodium, cephalexin hydrochloride monohydrate, and cephradine.

- effective against streptococci, staphylococci and gram-positive microorganisms
· Second-generation cephalosporins- cefaclor, cefotetan, cefprozil, ceftibuten, cefoxiten, cefuroxime axetil, and cefuroxime sodium.
· more active against some gram-negative organisms than the first-generation drugs

· Third-generation cephalosporins- cefdinir, cefoperazone sodium, cefotaxime sodium, cefpodoxime proxetil, ceftazidime, ceftizoxime sodium, and ceftriaxone sodium

· active against several strains resistant to other antibiotics

· useful against enteric pathogens and in meningeal infections

· Fourth-generation cephalosporins- ceftditoren pivoxil and cefepime hydrochloride

Pharmacokinetics

· administered parenterally because they aren’t absorbed from the GI tract

· distributed widely but aren’t distributed in the CNS

· 2nd and 3rd – generation drugs crosses the blood-brain barrier
· Metabolized in the intestines which will be excreted via the biliary system

· Excreted primarily in the kidneys unchanged

Pharmacodynamics

· inhibit cell wall synthesis by binding to the bacterial PBP enzymes located on the cell membrane

· after the drug binds to PBP, body’s natural defense mechanisms destroy the bacteria.

Pharmacotherapeutics

· 1st generation- acts primarily against gram (+) organisms, may be used as alternative therapy in patients allergic to penicillin
· Used to treat staphylococcal and streptococcal infections, including pneumonia, cellulitis, and osteomyelitis

· 2nd generation- act against gram (-) bacteria; effective against anaerobes

· 3rd generation- acts primarily against gram(-) organisms

· 4th generation- active against a wide range of gram (-) and gram (+) bacteria

Adverse Reactions

· Confusion



- hypersensitivity reactions;
· Seizures




hives, itching, measles like rashes,
-    Bleeding




serum sickness, anaphylaxis

· nausea

· vomiting

· diarrhea

· Carbapenems
· Used for serious or life threatening infection, especially gram (+) and gram (-) nosocomial infections

· a class of  beta-lactam antibacterials that includes:


a. imipenem-cilastatin sodium


b. meropenem


c. ertapenem

Pharmacokinetics

Imipenem

· given with cilastatin because alone it is rapidly metabolized in the tubules of the kidneys, making it ineffective
· then distributed widely

· metabolized by several mechanisms and excreted primarily in urine

Ertapenem

· completely absorbed after IV administration and is highly protein bound

· metabolized by hydrolysis and excreted mainly in urine

Meropenem

· distributed widely including the CNS after parenteral administration

· metabolism is insignificant; 70% of the drug is excreted unchanged in the urine.

Pharmacodynamics

· bactericidal

· exert antibacterial activity by inhibiting bacterial cell wall  synthesis

Pharmacotherapeutics

· Imipenem-cilastatin has the broadest spectrum of activity of currently available beta-lactam drugs:

· It’s effective against aerobic gram-positive species, such as Streptococcus, Staphylococcus aureus, and S. epidermidis
· Inhibits most Enterobacter species

· Inhibits P. aeruginosa and most anaerobic species, including B. fragilis

· Used to treat serious nosocomial infections and infections in immunocompromised patients caused by mixed aerobic and anaerobic organisms

· Meropenem is indicated for treatment of intra-abdominal infections and bacterial meningitis

·  Ertapenem’s  spectrum of activity includes intra-abdominal, skin, urinary tract, and gynecological infections as well as community acquired pneumonia’s  caused by various gram (+), gram (-) and aneorobic organisms.
Adverse Reactions

· nausea and vomiting

· diarrhea

· hypersensitivity reactions

Ertapenem

· seizures


- respiratory distress
· hypotension


- death
· hyperkalemia
· Monobactams
- azrtreonam- narrow spectrum antibiotic against many gram (-) aerobic bacteria
Pharmacokinetics

· rapidly and completely absorbed and widely distributed

· metabolized partially and excreted primarily in urine as unchanged drug

Pharmacodynamics

· inhibits bacterial cell wall synthesis

· binds with PBP-3 of susceptible gram (-) bacteria, inhibiting cell wall synthesis and resulting in lysis

Pharmacotherapeutics

· effective against a variety of gram (-) aerobic organisms and strains of E. coli, Enterobacter, Klebsiella pneumoniae, K. oxytoca, Proteus mirabilis, Serratia marcescens, H. influenza, and Citrobacter
· used to treat complicated and uncomplicated UTI’s, septicemia, and lower respiratory tract, skin and skin structure, intra-abdominal, and gynecologic infections caused by gram (-) aerobic organisms

Adverse Reactions

· diarrhea

· hypersensitivity and skin reactions

· hypotension

· nausea and vomiting

· transient ECG changes

· transient increase in serum liver enzymes.

· Aminoglycosides
· amikacin sulfate

· gentamycin sulfate

· kanamycin sulfate

· paromomycin sulfate

· streptomycin sulfate

· tobramycin

Pharmacokinetics

· absorbed poorly from the GI tract, usually given parenterally

· crosses the placenta barrier but not in the blood-brain barrier

· aren’t metabolized. They are excreted primarily by the kidneys

Pharmacodynamics

· bactericidal drugs against susceptible organisms by binding 30S subunit, thereby protein synthesis and causing the bacteria to die.

Pharmacotherapeutics

· infections caused by gram-negative bacilli

· serious nosocomial infections such as gram-negative bacteremia, peritonitis, and pneumonia

· combined with penicillins to treat infections caused by gram-positive organisms.

Adverse Reactions

· neuromuscular reactions, ranging from peripheral nerve toxicity to neuromuscular blockade

· ototoxicity

· renal toxicity

· nausea

· vomiting

· diarrhea

· Flouroqiunolones
· primarily administered to treat UTI’s, upper respiratory tract infections, pneumonia, gonorrhea. Examples include:

· ciprofloxacin

· gatifloxacin

· levofloxacin

· moxifloxacin hydrochloride

· norfloxacin 

· ofloxocain

Pharmacokinetics

· this drug is absorbed well after oral administration
· highly protein bound, minimally metabolized in the liver, and are excreted primarily in urine

Pharmacodynamics

· interrupt deoxyribonucleic acid (DNA) synthesis during bacterial replication by inhibiting DNA gyrase disabling bacterial reproduction

Pharmacotherapeutics

· used to treat a wide variety of UTI

· Ciprofloxacin- treat lower respiratory tract infections, infectious diarrhea, and skin, bone, and joint infections

· Gatifloxacin- treat bronchitis, community acquired pneumonia, UTI’s and gynecological infections

· Levofloxacin- treat lower respiratory tract infections, skin infections, and UTI

· Moxifloxacin- treat acute bacterial sinusitis and mild to moderate community-acquired pneumonia

· Norfloxacin- treat UTI’s and prostatitis
· Ofloxacin- treat selected sexually transmitted diseases, lower respiratory tract infections, skin and skin structure infections, and prostatitis

Adverse Reactions

· Dizziness

· Nausea and vomiting

· Diarrhea

· Abdominal pain

· Photosensitivity

· Tetracyclines
· broad-spectrum antibiotics

· intermediate-acting compounds- democycline hydrochloride

· long-acting compounds- doxycycline hyclate and minocycline hydrochloride

Pharmacokinetics

· absorbed from duodenum when taken orally

· distributed widely into body tissues and fluids and concentrated in bile

Pharmacodynamics

· bacteriostatic

· penetrate the bacterial cell by an energy-dependent process

· within the cell, they bind primarily to a subunit of the ribosome 30S and 50S, inhibiting the protein synthesis required for maintaining the bacterial cell

Pharmacotherapeutics

· provide a broad spectrum of activity. They cover a wide range of organisms, including:
· gram (+) and gram (-) aerobic and anaerobic bacteria

· spirochetes

· mycoplasmas

· rickettsiae

· chlamydiae

· some protozoa

· used to treat:

· rocky mountain spotted fever

· Q fever

· Lyme disease

· Nongonococcal urethritis

· together with streptomycin, it is an effective treatment for Brucellosis

· low dosages treat acne

Adverse Reactions

· superinfections

· nausea and vomiting

· abdominal distress and distention

· diarrhea

· photosensitivity reactions

· hepatic toxicity

· renal toxicity

· Sulfonamides
· first effective systemic antibacterial drugs. They include:

· co-trimoxazole

· sulfadiazine

· sulfasoxazole

· sulfasalazine

Pharmacokinetics

· well absorbed and widely distributed in the body

· metabolized in the liver to inactivate metabolites and excreted by the kidneys.

Pharmacodynamics

· bacteriostatic drug

· inhibits bacterial growth by inhibiting folic acid production

Pharmacotherapeutics

· treat acute, recurrent, or chronic UTI

· treat infections against Nocardia asteroids and Toxoplasmosis gondii

· exhibit a wide spectrum against gram (+) and gram (-) bacteria

· treat infections such as Pneumocystis carinii pneumonia, acute otitis media and acute exacerbations of chronic bronchitis 

Adverse Reactions

· produce crystals in the urine and deposits of sulfonamide crystals in the renal tubules
· hypersensitivity reactions

· serum sickness

· photosensitivity

· sulfasazaline-  causes an orange-yellow discoloration of urine or skin

· Macrolides
· erythromycin estolate

· erythromycin ethylsuccinate

· erythromycin gluceptate

· erythromycin lactobionate

· erythromycin stearate

· azithromycin

· clarithromycin

· dirithromycin

Pharmacokinetics

· is absorbed in the duodenum
· distributed to most tissues and body fluids except CSF

· Erythromycin is metabolized by the liver and excreted in the bile in high concentrations; excreted in urine if small amounts

· crosses the placenta barrier and is secreted in breast milk
· Azithromycin is rapidly absorbed by the GI tract and is distributed throughout the body

· Penetrates cells but doesn’t enter the CNS

· Clarithromycin and dirithromycin are rapidly absorbed and widely distributed

· Clarithromycin is excreted in urine, whereas dirithromycin is excreted in the bile and feces

Pharmacodynamics

· inhibit RNA-dependent protein synthesis by acting on small portion of the Ribosome

Pharmacotherapeutics

· Broad spectrum antibiotic against gram (+) and gram (-) bacteria, including mycobacterium, Treponema, Mycoplasma, and Chlamydia
· Effective against pneumococci and group A streptococci

· Drug of choice for treating Mycoplasma pneumoniae and Legionella pneumophilia infections

· Treat gonorrhea and syphilis

Adverse Reactions

· epigastric distress

· nausea and vomiting

· diarrhea

· rashes

· fever

· eosinophilia

· anaphylaxis

·   Lincomycin derivatives (Clindamycin)

· used for various gram (+) and anaerobic microorganism
Pharmacokinetics

· absorbed well and distributed widely in the body when taken orally

· metabolized in the liver and excreted by the kidneys and biliary pathways.

Pharmacodynamics

· bacteriostatic

· inhibits bacterial cell wall synthesis and may also inhibit the binding of bacterial ribosomes

Pharmacotherapeutics

· potent against aerobic gram (+) organisms including staphylococci, streptococci and pneumococci

· treat anaerobic intra-abdominal, pleural, or Pulmonary infections caused by Bacteroides fragilis

Adverse Reactions

· pseudomembranous colitis

· diarrhea

· stomatitis

· nausea and vomiting

· hypersensitivity reactions

· Nitrofurantoin
· has higher antibacterial activity in acid urine

· commonly used to treat acute and chronic UTI’s

Pharmacokinetics

· oral administration- absorbed rapidly and well from the GI tract

· crosses the placental barrier and is secreted in breast milk and also distributed in bile

Pharmacodynamics

· bacteriostatic and may also become bactericidal

· inhibit the energy production of the infecting microorganism

· also disrupt cell-wall formation
Pharmacotherapeutics

· used to treat UTI’s

Adverse Reactions

· GI irritation

· Anorexia

· Nausea and vomiting

· Diarrhea

· Dark yellow or brown urine

· Abdominal pain

· Chills

· Fever

· Joint pain

· Anaphylaxis

· Hypersensitivity reactions involving the skin, lungs, blood, and liver

· Vancomycin
· used to treat methicillin-resistant S. aureus

· it should be used only when culture and sensitivity test results confirm the need for it

Pharmacokinetics

· absorbed poorly in the GI tract, it must be given IV to treat systemic infections

· oral form is used to treat pseudomembranous colitis

· diffuses well into pleural, pericardial, synovial, and ascetic fluids

· 85% of the dose is excreted unchanged in urine within 24 hours

· Small amount may be eliminated through the liver and biliary tract

Pharmacodynamics

· inhibits bacterial cell-wall synthesis, damaging the bacterial plasma membrane

Pharmacotherapeutics

· active against gram (+) organisms such as Staphylococcus aureus, S. epidermidis, Enterococcus, and S. pneumoniae

· IV form is the therapy of choice for patients with serious resistant staphylococcal infections who are hypersensitive to penicillins.

· Oral form- Clostridium difficile colitis

Adverse Reactions

· hypersensitivity and anaphylactic reactions
· drug fever

· eosinophilia

· neutropenia

· hearing loss

· severe hypotension
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