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Once again the order is different. I have listed the antibacterials in order of their mode of action with those targeting peptidoglycan first followed by those that interfere with: ribosomes, folate production and DNA formation.

Antibiotic Drugs

Summary Tables by Alan McLeod

	
	Target
	Oral Dose
	IV Dose
	Levels

	Benzylpenicillin
	Peptidoglycan wall
	-
	600-1200mg QDS
	-

	Amoxycillin
	Peptidoglycan wall
	250mg – 1g TDS
	500mg – 1g TDS
	-

	Flucloxacillin
	Peptidoglycan wall
	250mg – 1g TDS
	500mg – 2g TDS
	-

	Cefalexin
	Peptidoglycan wall
	250 mg QDS
	-
	-

	Cefuroxime
	Peptidoglycan wall
	250-500 mg BD
	750-1500 mg 6-8˚
	-

	Ceftriaxone
	Peptidoglycan wall
	-
	1 g / day (2-4 max)
	-

	Vancomycin
	Peptidoglycan wall
	125 mg QDS
	500 mg QDS
	YES

	Tazosin
	Peptidoglycan wall
	NR
	NR
	NR

	Gentamicin 
	Ribosome
	-
	3-5 mg / kg / day
	-

	Fusidic acid
	Ribosome
	NR
	NR
	NR

	Erythromycin
	Ribosome
	250-500 mg QDS
	50 mg / kg /day
	-

	Nitrofurantoin
	Ribosome + others
	50-100 mg QDS
	-
	-

	Trimethoprim
	Folate production
	NR
	NR
	SE

	Co-trimoxazole *
	Folate production
	NR
	NR
	NR

	Metronidazole
	DNA Formation
	500 mg tds
	500 mg TDS
	>10 d

	Ciprofloxacin
	DNA gyrase
	250-750 mg bd
	200-400 mg bd
	-


* a mixture of trimethoprim and sulfamethoxazole. Synergistic inhibition of folate prod.

NR = Info not required in exam; SE = See entry; > x d = if more than x days treatment

	
	Aerobes
	Anaerobes

	
	Gram +ve
	Gram -Ve
	Gram +ve
	Gram -Ve

	Benzylpenicillin
	++ NS
	++ NM
	++
	Mixed

	amoxycillin
	++ NS
	++NP
	++
	Mixed

	flucloxacillin,
	+ NE
	-
	-
	-

	Cefuroxime
	++ NE
	++ NP
	+
	-

	Vancomycin
	++
	-
	++
	-

	Tazosin
	++
	++
	++
	++

	Gentamicin 
	++ NS
	++ NM NH
	-
	-

	Erythromycin
	-
	-
	+
	+

	Metronidazole
	-
	-
	++
	++

	ciprofloxacin
	+
	++
	+
	+


NS= not useful against Staph.  NCN = Ok for Staph aureus but not caf neg Staph

NE = not useful against Enterococci, NP = not useful against pseudomonas

NM= not useful against meningococcus, NH = not useful against Haemophilus

Pseudomonas cover: ciprofloxacin gentamycin

Staph cover: rifampicin, tazosin

Enterococci cover: rifampicin, tazobactam 

As can be seen, the traditional surgical prophylaxis of ‘Cef and Met’ provides wide coverage of organisms. ‘Gent and Met’ is an alternative if penicillin allergy is noted.
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The surgeons friend:

Cefuroxime: 1.5 g by intravenous injection at induction; up to 3 further doses of 750 mg may be given by intramuscular or intravenous injection every 8 hours for high-risk procedures
Metronidazole: 400–500 mg 2 hours before surgery; up to 3 further doses of 400–500 mg may be given every 8 hours for high-risk procedures

Gram staining by Janisha Patel

Gram stain – Method of differential staining of bacteria

Smears are fixed by flaming, stained in solution of crystal violet, treated with iodine solution, rinsed, decolorised, counterstained with safranin O.  Gram-positive organisms stain purple-black, Gram-negative organisms stain pink.  Useful indicating fundamental differences in cell wall structure.
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Gram-positive – refers to bacteria that resist decolorisation after treatment with Gram crystal violet stain (i.e. remain purple-black) This is an Indication that the outer structure of bacterium consists of cytoplasmic membrane surrounded by a thick, rigid bacterial cell wall composed of peptidoglycan.

Gram-negative – bacteria are unable to resist decolorisation after treatment with Gram crystal violet (i.e. stain pink)This is an indication that outer structure of bacterium consists of cytoplasmic (inner) membrane surrounded by relatively thin peptidoglycan layer in turn surrounded by outer membrane

	Name: Benzylpenicillin (or Penicillin G) by Theodora Vatopoulou

	Grp
	(-lactam antibiotic, (-lactamase sensitive penicillins

	Ind
	· Severe skin infection(esp. cellulitis, wound infections, gas gangrene, prophylaxis in limb amputation), in conjunction with other agents

· Meningitis (Cefotaxime is the drug of choice)

· Endocarditis

· ENT infections

· Severe pneumonia

· Anthrax



	C/I
	Common to all penicillins: Penicillin hypersensitivity (common:1%).

· IgE antibody mediated= Reactive degradation penicillin products, combine with a protein carrier and act as haptens( mild reaction to anaphylactic shock.

· Non-IgE antibody mediated= Modification of erythrocyte surface components due to the binding of β-lactams can cause the formation of anti-erythrocyte antibodies, resulting in a Coombs’-positive haemolytic anaemia.

The patients with a history of penicillin allergy should not be given any β-lactam antibiotics. A non-confluent rash affecting only a small area or occurring> 72 hours after starting the penicillin does not usually represent an allergic reaction.

	S/E
	Common to all penicillins:

· Hypersensitivity (incl. fever, arthralgia, rashes, urticaria, angiodema, anaphylaxis). Patients can also develop a rash that is a result of a disease or a viral infection (e.g. EBV), rather than hypersensitivity.

· Diarrhoea (same mechanism as cephalosporins)

· Oral (and vaginal) candidiasis, due to the eradication of normal flora

· Cholestatic jaundice

· Like cephalosporins, penicillins accumulate in renal failure, along with the electrolytes Na and K (which are contained in the intravenous solutions).

· Rarely: blood disorders (( PLT/Neut), Coomb’s positive haemolytic anaemia, CNS toxicity (incl. convulsions at high doses), interstitial nephritis, hyperNa and hyperK ( in the case of renal failure)

	I/A
	Common to all penicillins:

· If a penicillin causes diarrhea(reduces the absorption of the OCP

· Reduce the excretion of some NSAIDs, by reducing tubular secretion

	Dose
	By intramuscular or by slow intravenous injection or by infusion, 2.4–4.8 g daily in 4 divided doses, increased if necessary in more serious infections (single doses over 1.2 g intravenous route only)

Endocarditis (in combination with another antibacterial if necessary), by slow intravenous injection or by infusion, 7.2 g daily in 6 divided doses, increased if necessary (e.g. in enterococcal endocarditis or if used alone) to 14.4 g daily in 6 divided doses

Anthrax (in combination with other antibacterials, by slow intravenous injection or by infusion, 2.4 g every 4 hours

Intrapartum prophylaxis against group B streptococcal infection, by slow intravenous injection or by infusion, initially 3 g then 1.5 g every 4 hours until delivery

Meningococcal disease, by slow intravenous injection or by infusion, 2.4 g every 4 hours




	Name: Amoxycillin by Theodora Vatopoulou

	Grp
	Broad spectrum penicillin with increased gastric absorption

	Ind

(highlighted: same as ampicillin)
	· Bronchitis, Mild pneumonias (esp. community acquired), Haemophilus influenzae infections, 
· endocarditis prophylaxis 
· ENT/Dental infections 
· UTIs, 
· anthrax prophylaxis; 

· invasive salmonellosis; 
· adjunct in listerial meningitis and Helicobacter pylori eradication.

Often used with clavulanic acid as co-amoxiclav.



	C/I
	Penicillin hypersensitivity

	S/E
	Same as above+

N&V

	I/A
	Same

	Dose
	· 250-1000 mg TDS (i.e. 8 hourly) PO

(Otitis media: 1 g TDS, Pneumonia: 0.5–1 g TDS, Anthrax: 500 mg TDS, Dental abscess: 3 g repeated after 8 hours. UTIs: 3 g repeated after 10–12 hrs. 
· 500mg IM TDS

· 500 mg TDS to 1 g QDS in severe infections (IV injections or infusions)

Endocarditis (in combination with another antibiotic if necessary) 2 g every 6 hours (IV), increased to 2 g every 4 hours e.g. in enterococcal endocarditis or if used alone)

Listerial meningitis (in combination with another antibiotic), by intravenous infusion, 2 g every 4 hours for 10–14 days 


Flucloxacillin by Mandeep Basi

A narrow spectrum penicillinase-resistant penicillin

Mode of operation: 

Like other beta-lactam antibiotics, flucloxacillin acts by inhibiting the synthesis of bacterial cell walls. It inhibits cross-linkage between the linear peptidoglycan polymer chains that make up a major component of the cell wall of Gram-positive bacteria.

Flucloxacillin is insensitive to beta-lactamase (also known as penicillinase) enzymes secreted by many penicillin-resistant bacteria. The presence of the isoxazolyl group on the side chain of the penicillin nucleus facilitates the beta-lactamase resistance, since they are relatively intolerant of side-chain steric hindrance. Thus it is able to bind to penicillin binding proteins (PBPs) and inhibit peptidoglycan crosslinking, but is not bound by or inactivated by beta-lactamases.

It is used to treat infections caused by susceptible Gram-positive bacteria. Notably, it is active against infections due to beta-lactamase-producing staphylococci including otitis externa; adjunct in pneumonia, impetigo, cellulitis, osteomyelitis and in staphylococcal endocarditis. 

Side effects: 

· hypersensitivity reactions including urticaria, fever, joint pains, rashes, angioedema, anaphylaxis, serum sickness-like reaction; 

· rarely CNS toxicity including convulsions (especially with high doses or in severe renal impairment), interstitial nephritis, haemolytic anaemia, leucopenia, thrombocytopenia, and coagulation disorders; 

· also reported diarrhoea (including antibiotic-associated colitis)

· very rarely hepatitis and cholestatic jaundice

Contraindications: penicillin hypersensitivity.

Cautions: 

· If severe renal impairment reduce dose.

· Not known to be harmful in pregnancy.

· Trace amounts in breast milk

· CSM (committee on safety of medicines) has advised that very rarely cholestatic jaundice and hepatitis may occur up to several weeks after treatment with flucloxacillin has been stopped. Administration for more than 2 weeks and increasing age are risk factors. CSM has reminded that:

· flucloxacillin should not be used in patients with a history of hepatic dysfunction associated with flucloxacillin;

· flucloxacillin should be used with caution in patients with hepatic impairment;

· careful enquiry should be made about hypersensitivity reactions to beta-lactam antibacterials.

Interactions: 

Flucloxacillin belongs to Penicillins but has no specific interaction information. For interactions with penicillin, refer to drug notes on Benzylpenicillin.

Dose: 

· By mouth, 250–500 mg every 6 hours, at least 30 minutes before food; child under 2 years quarter adult dose; 2–10 years half adult dose

· By intramuscular injection, 250–500 mg every 6 hours; child under 2 years quarter adult dose; 2–10 years half adult dose

· By slow intravenous injection or by intravenous infusion, 0.25–2 g every 6 hours; child under 2 years quarter adult dose; 2–10 years half adult dose

· Endocarditis (in combination with another antibacterial, see Table 1, section 5.1 BNF), body-weight under 85 kg, 8 g daily in 4 divided doses; body-weight over 85 kg, 12 g daily in 6 divided doses

· Osteomyelitis (see Table 1, section 5.1 BNF), up to 8 g daily in 3–4 divided doses

Cefalexin – by Sarah Keep

Group: Cephalosporin (1st generation)

Mode of operation: 

Cephalosporins are bactericidal and have the same mode of action as beta-lactam antibiotics (such as penicillins). Cephalosporins disrupt the synthesis of the peptidoglycan layer of bacterial cell walls which is important for cell wall structural integrity, especially in Gram-positive organisms, by inhibitting the enzymes which cross-link peptides in the peptidoglycan layer.

Cefalexin is an orally active ‘first generation’ cephalosporin – the "older" generations of cephalosporins have greater gram positive (staphylococcus and streptococcus) coverage than the "newer" generations which have greater gram negative antimicrobial properties than the preceding generations. They are useful for UTI’s which do not respond to other drugs or which occur in pregnancy, respiratory-tract infections, otitis media, sinusitis, and skin and soft-tissue infections. 
Side effects: 

· diarrhoea and rarely antibiotic-associated colitis (both more likely with higher doses)

· nausea and vomiting

· abdominal discomfort 

· headache 

· allergic reactions including rashes, pruritus, urticaria, serum sickness-like reactions with rashes, fever and arthralgia, and anaphylaxis 

· Stevens-Johnson syndrome, toxic epidermal necrolysis reported

· Disturbances in liver enzymes, transient hepatitis and cholestatic jaundice 

Contraindications: 

· Cephalosporin hypersensitivity
Cautions: 

· sensitivity to beta-lactam antibacterials as 10% of penicillin-sensitive patients will also be allergic to cephalosporins (avoid if history of immediate hypersensitivity reaction)

· renal impairment - Max. 3 g daily if creatinine clearance 40–50 mL/minute; max. 1.5 g daily if creatinine clearance 10–40 mL/minute; max. 750 mg daily if creatinine clearance less than 10 mL/minute
· breast-feeding – present in low dose in breast milk

· false positive urinary glucose (if tested for reducing substances) and false positive Coombs' test; interactions: Appendix 1 (cephalosporins)

Interactions:

	Drug
	Effect of interaction

	Coumarins
	cephalosporins positively enhance the anticoagulation effect of Coumarins

	Probenecid
	excretion of cephalosporins reduced by probenecid (leading to an increased plasma concentration)

	Combined OCP
	reduces contraceptive effect of combined OCP by impairing the bacterial flora responsible for recycling ethinylestradiol from the large bowel


Monitoring: 
Dose: 

250 mg every 6 hours or 500 mg every 8–12 hours increased to 1–1.5 g every 6–8 hours for severe infections; 

child 25 mg/kg daily in divided doses, doubled for severe infections, max. 100 mg/kg daily; or under 1 year 125 mg every 12 hours, 1–5 years 125 mg every 8 hours, 6–12 years 250 mg every 8 hours 

Prophylaxis of recurrent urinary-tract infection, adult 125 mg at night

Cefuroxime – by Mark Keenan

Group: Cephalosporin (2nd generation)

This is a 2nd generation Cephalosporin which forms part of the (-lactam group of antibiotics. Some bacteria have adapted to beta-lactam antibiotics by producing an enzyme called beta lactamase that inactivates the antibiotic.

Mode of Action:

Inhibits peptide-glycan cross-linking, which results in inhibition of bacterial cell wall synthesis and is active against a wide range of Gram-positive and Gram-negative organisms. 

Indications:

It is less susceptible to than the earlier cephalsporins to inactivation by beta-lactamases and is therefore is active against certain bacteria which are resistant to other drugs and has greater activity against H Influenza and N Gonnorrhoeae.
· Commonly used for surgical prophylaxis (commonly in addition with metronidazole).

· Upper respiratory tract infections for example, ear, nose and throat infections, such as otitis media, sinusitis, tonsillitis and pharyngitis.

· Lower respiratory tract infections for example, pneumonia, acute bronchitis, and acute exacerbations of chronic bronchitis.

· Genito-urinary tract infections for example, pyelonephritis.

· Skin and soft tissue infections for example, furunculosis, pyoderma and impetigo.

· Gonorrhoea, acute uncomplicated gonococcal urethritis, and cervicitis.

Contraindications:

· Those with a history of allergy to penicillin.

· They can accumulate in renal insufficiency

· Avoid in patients with porphyria

Side effects:

Hyper sensitivity is quite common (5%) in which a urticarial rash develops

Eradication of patient’s normal flora, which can result in:

(1) infection by Candida in the oropharynx

(2) Antibiotic associated diarrhoea

Can cause abnormal LFT’s and frank hepatitis.

Drug interactions:

· May reduce the effectiveness of the OCP (risk small)

· Can potentiate the effect of warfarin

· Antacids may reduce their absorption

Monitoring:

· Take cultures before starting treatment with antibiotics

· Measures of clinical improvement are the most important but inflammatory markers (e.g. CRP, ESR) and WCC are also useful.

· Renal and liver function should be monitored especially if treatment is longer than seven days.

· Remember, cephalosporins can give a false positive urine glucose test and Coomb’s test.

Dose 

By mouth (as cefuroxime axetil), 250 mg twice daily in most infections including mild to moderate lower respiratory-tract infections (e.g. bronchitis); doubled for more severe lower respiratory-tract infections or if pneumonia suspected

· Urinary-tract infection, 125 mg twice daily, doubled in pyelonephritis

· Gonorrhoea, 1 g as a single dose

Child over 3 months, 125 mg twice daily, if necessary doubled in child over 2 years with otitis media

Lyme disease, adult and child over 12 years, 500 mg twice daily for 20 days

By intramuscular injection or intravenous injection or infusion, 750 mg every 6–8 hours; 1.5 g every 6–8 hours in severe infections; single doses over 750 mg intravenous route only

Child usual dose 60 mg/kg daily (range 30–100 mg/kg daily) in 3–4 divided doses (2–3 divided doses in neonates)

Gonorrhoea, 1.5 g as a single dose by intramuscular injection (divided between 2 sites)

Surgical prophylaxis 1.5 g by intravenous injection at induction; up to 3 further doses of 750 mg may be given by intramuscular or intravenous injection every 8 hours for high-risk procedures

Meningitis, 3 g intravenously every 8 hours; child, 200–240 mg/kg daily (in 3–4 divided doses) reduced to 100 mg/kg daily after 3 days or on clinical improvement; neonate, 100 mg/kg daily reduced to 50 mg/kg daily
Ceftriaxone by Jess Mitchell
Group: Cephalosporin (3rd generation)
Indications

Used to treat septicaemia, pneumonia, and meningitis: Infections due to sensitive gram pos and gram neg bacteria.  

Mechanism of Action

These share the common feature of a B-Lactam ring with the Penicillins.  They act to inhibit cell wall synthesis.  They are excreted mainly by the kidneys and their actions can be prolonged with probenecid.  They all have similar broad spectrum of antibacterial activity, although individual drugs have different activity against certain bacteria.  

Cautions

· Pregnancy

· Breastfeeding

· Renal impairment
· These have the same mechanism and similar pharmacology to penicillins, and therefore may produce allergic reactions and cross sensitivity to penicillin.  

Contra-indications

· Cephalosporin hypersensitivity

· neonates with jaundice, hypoalbuminaemia, acidosis or impaired bilirubin binding

Side-effects

· Diarrhoea and rarely antibiotic associated colitis.  

· Nausea and vomiting etc. 

Dose
By deep intramuscular injection, or by intravenous injection over at least 2–4 minutes, or by intravenous infusion, 1 g daily; 2–4 g daily in severe infections; intramuscular doses over 1 g divided between more than one site; single intravenous doses above 1 g by intravenous infusion only

neonate by intravenous infusion over 60 minutes, 20–50 mg/kg daily (max. 50 mg/kg daily) infant and child under 50 kg, by deep intramuscular injection, or by intravenous injection over 2–4 minutes, or by intravenous infusion, 20–50 mg/kg daily; up to 80  mg/kg daily in severe infections; doses of 50 mg/kg and over by intravenous infusion only; 50 kg and over, adult dose

Endocarditis caused by haemophilus, actinobacillus, cardiobacterium, eikenella, and kingella species (`HACEK organisms') (in combination with another antibacterial, see Table 1, section 5.1; [unlicensed indication]), by intravenous infusion, 2–4 g daily

Uncomplicated gonorrhoea, by deep intramuscular injection, 250 mg as a single dose

Surgical prophylaxis, by deep intramuscular injection or by intravenous injection over at least 2–4 minutes, 1 g at induction; colorectal surgery, by deep intramuscular injection or by intravenous infusion , 2 g at induction; intramuscular doses over 1 g divided between more than one site
Vancomycin (and teicoplanin) – by Janisha Patel

Glycopeptide antibiotics
Mode of action:

· bactericidal activity against aerobic and anaerobic Gram-positive bacteria

· e.g. Staph aureus, enterococci, Staph epidermidis

· inhibits peptidoglycan cell wall synthesis therefore is inactive against Gram-negative organisms

· First line for MRSA (multi-resistant staphylococcus)

· Intravenous route used in prophylaxis and treatment of endocarditis 

· Plasma half-life of 8 hours

· Oral route used to treat antibiotic-associated colitis (pseudomembranous colitis i.e. caused by Clostridium difficile)

· BUT not given orally for systemic infection because not significantly absorbed

Peptidoglycan synthesis blocking

· Peptidoglycans do not occur in eukaryotes

· Following antibiotics block their synthesis at different points 

· Vancomycin 

· Cycloserine 

· Bacitracin 

· Penicillins

· Cephalosporins

· Other beta-lactams

Side Effects:

After parenteral administration: 

· nephrotoxicity including renal failure and interstitial nephritis

· ototoxicity (discontinue if tinnitus occurs)

· blood disorders including neutropenia (usually after 1 week or cumulative dose of 25g) - rarely agranulocytosis and thrombocytopenia

· nausea

· chills, fever

· eosinophilia, anaphylaxis, rashes (including exfoliative dermatitis, Stevens-Johnson syndrome, toxic epidermal necrolysis, and vasculitis)

· phlebitis (irritant to tissue)

On rapid infusion 

risk of anaphylactoid reactions
· Severe hypotension (including shock and cardiac arrest)

· Wheezing

· Dyspnoea

· Urticaria, pruritus, flushing of the upper body (‘red man' syndrome)

· Pain and muscle spasm of back and chest

Cautions:

· avoid rapid infusion (risk of anaphylactoid reactions)

· rotate infusion sites
· renal impairment
· elderly; avoid if history of deafness
· pregnancy – use only if potential benefit outweight risk
· plasma-vancomycin concentration monitoring essential to reduce risk of fetal toxicity
· breast-feeding – present in milk 
· following oral administration significant absorption unlikely
· systemic absorption may follow oral administration especially in inflammatory bowel disorders or following multiple doses
Interaction:

	Drug
	Interaction

	Anaesthetics, General
	Hypersensitivity-like reaction 

	Antibacterials 

e.g. aminoglycosides

capreomycin

colistin
	Increase risk of nephrotoxicity and ototoxicity

	Antibacterials e.g polymyxins
	Nephrotoxicity

	Ciclosporin
	Increased risk of nephrotoxicity and possible ototoxicity

	Cisplatin (cytotoxics)
	Increased risk of nephrotoxicity and possible ototoxicity

	Loop Diuretics
	Increased risk of ototoxicity

	Lipid-regulating drugs e.g. colestyramine
	Effects of oral vancomysin antagonised

	Muscle relaxants: suxamethonium
	Vancomycin enhances its effects

	Oestrogens
	Reduce contraceptive effects of oestrogen


Monitoring: 

· Plasma concentration monitoring required

· Pre dose (‘trough’) concentration should be 5-10 mg/litre

· all patients require plasma-vancomycin measurement (after 3 or 4 doses if renal function normal, earlier if renal impairment), blood counts, urinalysis, and renal function tests
· monitor auditory function in elderly or if renal impairment
Doses:

· By mouth, antibiotic-associated colitis

· Adult 125mg every 6 hours for 7–10 days

· child 5mg/kg every 6 hours

· over 5 years, half adult dose

· By intravenous infusion

· Adult 500 mg every 6 hours or 1g every 12 hours

· elderly over 65 years, 500mg every 12 hours or 1g once daily

· neonate up to 1 week, 15mg/kg initially then 10mg/kg every 12 hours

· 1–4 weeks, 15mg/kg initially then 10mg/kg every 8 hours

· d over 1 month, 10mg/kg every 6 hours

· Endocarditis prophylaxis

· For penicillin-allergic or who have received more than single dose of penicillin in previous month

· Iv 1g over 100 minutes

Tazosin and Piperacillin by Mandeep Basi

Mode of operation:
Piperacillin is an extended spectrum beta-lactam antibiotic of the ureidopenicillin class. It is normally used together with the beta-lactamase inhibitor tazobactam to form Tazocin. The combination has activity against many Gram-positive and Gram-negative pathogens and anaerobes, including Pseudomonas aeruginosa.

Piperacillin is an antibiotic which exerts its bacterial activity by inhibiting both septum and cell wall synthesis.

Gentamycin by Simon Pettitt
Gentamycin is an antibiotic of the aminoglycoside family.
Mechanism of Action:

Aminoglycosides are bacteriostatic antibiotics and thus inhibit bacterial replication.

Gentamycin (along with other aminoglycosides) binds to bacterial ribosomes (30S subunit) causing altered translation of the genetic code into a non-functioning or altered peptide chain through tRNA misreading.  

Indications:

Gentamycin is particularly effective in the treatment of aerobic gram negative bacterial infections although resistance in E.coli has been shown. Gentamycin is also of use in pseudomonas infections of the lung in a nebulized form. 

Along with other aminoglycosides, Gentamycin has limited benefit in the treatment of mycobacterial (e.g. Tuberculosis) and gram positive bacterial infections. 

Due to ototoxicity, Gentamycin is also used in Meniere’s disease by disabling the vestibular apparatus. 

Side effects: 

· Vestibular and auditory damage (due to ototoxicity)

· Nephrotoxicity

· Hypomagnesaemia on prolonged therapy

· Antibiotic-associated colitis

· Stomatitis

· Nausea

· Vomiting

· Rash

· Blood disorders

Contraindications: 

· Myasthenia gravis

Cautions: 

· Pregnancy (small risk of auditory and vestibular nerve damage in 2nd and 3rd trimesters)

· Renal impairment

· Infants

· Neonates

· Elderly

Interactions: 

· Vancomycin - Increased risk of nephrotoxicity and ototoxicity

· Amphotericin – Increased risk of nephrotoxicity

· Polymyxins - Increased risk of nephrotoxicity

· Capreomycin - Increased risk of nephrotoxicity 

· Agalsidase beta

· Digoxin

· Indometacin

· Oestrogens

· Teicoplanin

· Tacrolimus

· Suxamethonium

· Pyridostigmine

· Platinum compounds

· Bisphosphonates

· Cyclosporins

· Colistin

· Loop diuretics

· Non-depolarising muscle relaxants

· Neostigmine

Monitoring: Not a monitored drug

Dose: 

· IM or slow IV via 3 minute injection
· 3-5mg/kg daily (divided doses every 8 hours)

· Neonates; up to 2 weeks, 3mg/kg (every 12 hours)

· Child; 2 weeks-12 years, 2mg/kg (every 8 hours)

· In endocarditis; 1mg/kg (every 8 hours)

· Intrathecal injection 1mg daily (can be increased to 5mg daily) – seek specialist advice

Fusidic Acid by Matt Carey

Indications: particularly for eye and skin infections. 

· Narrow spectrum antibiotic used in the treatment of S. aureus.

· Used in primary and secondary skin infections and the eye, it has good bone penetration and is used in osteomyelitis if infected by a sensitive organism and also useful for staphylococcal endocarditis.

Mechanism 

Fusidic acid inhibits bacterial protein synthesis by interfering with amino acid transfer from aminoacyl-tRNA to protein on the ribosomes.

This disrupts protein synthesis and causes the bacteria to stop dividing within almost minutes of contact.  However DNA and RNA synthesis continue for approximately 1-2 hours. It works only on gram-positive bacteria such as Staphylococcus aureus, Streptococcus and Corynebacterium minutissimum.

Fusidic acid may be bacteriostatic or bactericidal depending on size of infection. 

Erythromycin by Becky Empson

Mode of operation-

Erythromycin belongs to a group of antibiotics that act by inhibiting bacterial protein synthesis. It belongs to a subgroup of this class called macrolides which as well as including erythromycin contain clarithromycin and azithromycin. Erythromycin is selectively toxic because bacterial ribosomes consist of a 50S and 30S subunit, while mammalian ribosomes have a 60S and 40S subunit.

Proteins are built from amino acids, on ribosomes which move along strands of messenger RNA (mRNA) so that successive codons pass through an acceptor (amino acyl A site) for specific transfer RNA (tRNA) molecules that bear the next amino acid required to elongate the peptide chain.  The next step in peptide synthesis is transpeptidation where the growing peptide chain attached to the P site, is transferred to the amino acid attached to the aminoacyl-tRNA at the A site. Following transpeptidation, the peptide chain is translocated from site A to P so that the A site is ready to accept the next aminoacyl-tRNA and build the protein chain. The macrolides bind to the 50S subunit of the bacteria and inhibit translocation. 

Macrolides have a similar antibacterial spectrum to benzylpenicillin. Gram-positive bacteria are more sensitive to erythromycin than gram- negative bacteria because they accumulate about 100 times more drug. 

Indications-

  

Alternative to penicillin in hypersensitive patients; oral infections (see notes above); campylobacter enteritis, syphilis, non-gonococcal urethritis, respiratory-tract infections (including legionnaires' disease), skin infections; chronic prostatitis; diphtheria and whooping cough prophylaxis; acne vulgaris and rosacea 

	Side-effects
· Nausea, 

· vomiting, 

· abdominal discomfort,

· diarrhoea (antibiotic-associated colitis reported);
	less frequently:

· urticaria, rashes and other allergic reactions;

· reversible hearing loss reported after large doses;

· cholestatic jaundice, pancreatitis,

· cardiac effects (including chest pain and arrhythmias),

· myasthenia-like syndrome,

· Stevens-Johnson syndrome, & toxic epidermal necrolysis 


Cautions

· Hepatic impairment

· Renal impairment

· Neonate under 2 weeks (risk of hypertrophic pyloric stenosis)

· predisposition to QT interval prolongation (including electrolyte disturbances, concomitant use of drugs that prolong QT interval)

· Porphyria

Dose

By mouth, adult and child over 8 years, 250–500 mg every 6 hours or 0.5–1 g every 12 hours; up to 4 g daily in severe infections; child up to 2 years 125 mg every 6 hours, 2–8 years 250 mg every 6 hours, doses doubled for severe infections

Early syphilis, 500 mg 4 times daily for 14 days

Uncomplicated genital chlamydia, non-gonococcal urethritis, 500 mg twice daily for 14 days

By intravenous infusion, adult and child severe infections, 50 mg/kg daily by continuous infusion or in divided doses every 6 hours; mild infections (oral treatment not possible), 25 mg/kg daily; neonate 30–45 mg/kg daily in 3 divided doses

Interactions- 

There are so many that I thought people could decide for them selves what was important by checking the link 
http://www.bnf.org/bnf/bnf/51/41001i169.htm
I did write down the drugs that I recgonised and the enzyme system that it affects- 

Erythromycin inhibits the cytochrome P-450 system (class of enzymes called the mixed function oxidase catalyse oxidation reactions) and increases activity of theophylline, warfarin, carbamazepine and digoxin. 

Nitrofurantoin by Matt Carey

· Used for the treatment of uncomplicated urinary tract infections.

· Only active in the urine, no antibacterial effects systemically. 

· At low doses its bacteriostatic, at high doses its bactericidal.

· Given orally – rapidly and totally absorbed by the GI tract and excreted by the kidneys. 

Mode of action 

Nitrofurantoin is reduced by bacterial flavoproteins forming a reactive intermediate.

This is thought to inactivate ribosomal proteins and other macromolecules, disabling protein, RNA and DNA synthesis.  The prevents the cell functions from being achieved.

The broad nature of action is thought to be the reason why resistance has been slow to emerge. 

Side effects 

Most common - GI upset, pulmonary reactions (fibrosis and effusions), perpheral neuropathy, hypersensitivity.

Rarely -  hepatotoxicity, cholestasis, pancreatitis, arthralgia, alopecia, transient skin disorders (especially exfoliative dermatitis) blood disorders and benign intracranial hypertension.

From the BNF

anorexia, nausea, vomiting, and diarrhoea; acute and chronic pulmonary reactions (pulmonary fibrosis reported; possible association with lupus erythematosus-like syndrome); peripheral neuropathy; also reported, hypersensitivity reactions (including angioedema, anaphylaxis, sialadenitis, urticaria, rash and pruritus); rarely, cholestatic jaundice, hepatitis, exfoliative dermatitis, erythema multiforme, pancreatitis, arthralgia, blood disorders (including agranulocytosis, thrombocytopenia, and aplastic anaemia), benign intracranial hypertension, and transient alopecia. 

Contraindications

renal impairment, infants less than 3 months old, G6PD deficiency (including pregnancy at term, and breast-feeding of affected infants) and porphyria. 

Cautions 

anaemia; diabetes mellitus; electrolyte imbalance; vitamin B and folate deficiency; pulmonary disease; hepatic impairment; monitor lung and liver function on long-term therapy, especially in the elderly (discontinue if deterioration in lung function); susceptibility to peripheral neuropathy; false positive urinary glucose (if tested for reducing substances); urine may be coloured yellow or brown.

Interactions

Nil of note

Monitoring

Nil of note

Dose

50-100mg QDS PO with food – not available in IV or IM. 

Trimethoprim by Teresa Allwood

Dihydrofolate reductase inhibitor

Mode of operation:
Trimethoprim is similar in structure to the pteridine moiety of folate. This similarity is close enough to confuse bacterial enzymes and is taken up into the bacteria. When in the bacteria it acts as a folate antagonist, inhibiting bacterial dihydrofolate reductase. Dihydrofolate reductase enzyme is also present in humans, although the bacterial version is many times more sensitive to trimethoprim than its human counterpart. The effect on the human enzyme is thought to be the cause of some of the side-effects.
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Indications: urinary tract infections
Side effects: 

· Gastro-intestinal disturbances including nausea and vomiting
· Pruritus
· Rashes
· Hyperkalaemia
· Depression of haematopoiesis
· Erythema multiforme
· Toxic epidermal necrolysis
· Photosensitivity 
· Allergic reactions including angioedema and anaphylaxis
Contraindications: 

· Blood dyscrasias
Cautions: 

· Renal impairment 

· Pregnancy 

· Breast-feeding 

· Predisposition to folate deficiency

· Elderly 

· Neonates (specialist supervision required)

· Porphyria

Interactions:

	Drug
	Effect of interaction

	Amiodarone

Azathioprine

Ciclosporin

Coumarins

Dapsone

Digoxin

Eplerenone

Lamivudine

Mercaptopurine

Methotrexate

Phenytoin

Procainamide

Pyrimethamine


	Increases the risk of ventricular arrhythmias

Increases the risk of haematological toxicity

Increases the risk of nephrotoxicity

Enhances the anti-coagulation of coumarins (e.g warfarin)

Given together enhances plasma concentration of both drugs

Increases plasma concentration of digoxin

Increases the risk of hyperkalaemia

Increases the plasma concentration of Lamivudine

Increases the risk of haematological toxicity

Increases the risk of haematological toxicity

Increases plasma concentration of Phenytoin

Increases plasma concentration of Procainamide

Increases anti-folate effect 


Monitoring:

· On long-term treatment, patients and their carers should be told how to recognise signs of blood disorders and advised to seek immediate medical attention if symptoms such as fever, sore throat, rash, mouth ulcers, purpura, bruising or bleeding develop

· Manufacturer recommends blood counts on long-term therapy (but evidence of practical value unsatisfactory)
Dose: 

Commonly used for urinary tract infections

Acute infections, 200 mg every 12 hours; child, every 12 hours, 6 weeks–5 months 25 mg, 6 months–5 years 50 mg, 6–12 years 100 mg

Chronic infections and prophylaxis, 100 mg at night; child 1–2 mg/kg at night
Co-trimoxazole by Alan McLeod

Indications:

Should not be used unless specifically directed. Specific indications for its use include: (Rossi, 2004)

· treatment and prophylaxis of pneumonia caused by Pneumocystis jiroveci (P. carinii)

· infections caused by Listeria monocytogenes, Nocardia spp., Stenotrophomonas maltophilia (Zanthomonas maltophilia)

· melioidosis
· shigellosis
· traveller's diarrhoea
· prophylaxis of cerebral toxoplasmosis in HIV patients

· Whipple's disease
Mechanism of action:

Folic acid is a necessary component in the production of DNA but Bacteria are unable to take up folic acid from the environment (i.e. the infection host) thus are dependent on their own de novo synthesis.
Co-trimoxazole is an antibiotic combination of trimethoprim and sulfamethoxazole, in the ratio of 1 to 5, used in the treatment of a variety of bacterial infections. It exhibits a synergistic antibacterial effect when compared to each of its components administered singly. This is because trimethoprim and sulfamethoxazole inhibit different successive steps in the folate synthesis pathway (see diagram in Trimethoprim).
Co-trimoxazole is more effective than either of its components individually in treating bacterial infections, though it is associated with a greater incidence of adverse effects including allergic responses and Stevens Johnson syndrome.
Rossi S, editor. Australian Medicines Handbook 2004. Adelaide: Australian Medicines Handbook; 2004
Metronidazole by Jess Mitchell

Anaerobic infections (including dental).  Also used for surgical and gynaecological sepsis in which it’s activity against colonic anaerobes is important.   It is also effective in the treatment of antibiotic associated colitis.

Mechanism of Action

Antimicrobial with high activity against anaerobic bacteria and protozoa.  It is a nitromidazole-  these have a very wide spectrum against anaerobic bacteria.  The drug diffuses into the organism where the nitro group is reduced- this leads to inhibition of DNA synthesis or DNA damage.  

Cautions

Disulfiram-like reaction with alcohol, hepatic impairment and hepatic encephalopathy, pregnancy and breast feeding, clinical and lab monitoring advised if treatment exceeds 10 days.  

Contra-indications

None listed

Side-effects

Nausea, vomiting, unpleasant taste, furred tongue, GI disturbances etc

Monitoring: clinical and laboratory monitoring advised if treatment exceeds 10 days
Dose

Anaerobic infections (usually treated for 7 days and for 10 days in antibiotic-associated colitis), by mouth, either 800 mg initially then 400 mg every 8 hours or 500 mg every 8 hours, child 7.5 mg/kg every 8 hours; by rectum, 1 g every 8 hours for 3 days, then 1 g every 12 hours, child every 8 hours for 3 days, then every 12 hours, age up to 1 year 125 mg, 1–5 years 250 mg, 5–10 years 500 mg, over 10 years, adult dose; by intravenous infusion over 20 minutes, 500 mg every 8 hours; child 7.5 mg/kg every 8 hours

Leg ulcers and pressure sores, by mouth, 400 mg every 8 hours for 7 days

Bacterial vaginosis, by mouth, 400–500 mg twice daily for 5–7 days or 2 g as a single dose

Pelvic inflammatory disease (by mouth, 400 mg twice daily for 14 days

Acute ulcerative gingivitis, by mouth, 200–250 mg every 8 hours for 3 days; child 1–3 years 50 mg every 8 hours for 3 days; 3–7 years 100 mg every 12 hours; 7–10 years 100 mg every 8 hours

Acute oral infections, by mouth, 200 mg every 8 hours for 3–7 days (see also notes above); child 1–3 years 50 mg every 8 hours for 3–7 days; 3–7 years 100 mg every 12 hours; 7–10 years 100 mg every 8 hours

Surgical prophylaxis, by mouth, 400–500 mg 2 hours before surgery; up to 3 further doses of 400–500 mg may be given every 8 hours for high-risk procedures; child 7.5 mg/kg 2 hours before surgery; up to 3 further doses of 7.5 mg/kg may be given every 8 hours for high-risk procedures

By rectum, 1 g 2 hours before surgery; up to 3 further doses of 1 g may be given every 8 hours for high-risk procedures; child 5–10 years 500 mg 2 hours before surgery; up to 3 further doses of 500 mg may be given every 8 hours for high-risk procedures

By intravenous infusion (if rectal administration inappropriate), 500 mg at induction; up to 3 further doses of 500 mg may be given every 8 hours for high-risk procedures; child 7.5 mg/kg at induction; up to 3 further doses of 7.5 mg/kg may be given every 8 hours for high-risk procedures
Note  anaerobic infections are usually treated for 7 days (10 days in antibiotic associated colitis)
Ciprofloxacin by Jess Mitchell

It is active against both gram pos and neg bacteria but especially gram negative bacteria including salmonella, shigella, campylobacter, neisseria, and pseudomonas.  It has only moderate activity against gram pos bacteria such as Strep pneumoniae and Enterococcus.   It is active against Chlamydia and some mycobacteria.  Used in treatment of Gonorrhoea in sensitive organisms (ie check sensitivity) 

Mechanism of Action

Antibacterial drug that inhibits nucleic acid synthesis.  It is a Quinolone, which inhibits DNA gyrase, an enzyme that compresses bacterial DNA into supercoils.    It is a broad spectrum antibacterial agent.  Quinolones have good penetration into tissues and cells.  They are effective when given orally and have relatively low toxicity.  

Cautions

Should be used with caution in those with a history of epilepsy, or conditions that predispose to seizures, in G6Pd deficiency, Myasthenia Gravis (risk of exacerbation), during breast feeding and preganancy and renal impairment (and a host of others)
· may impair performance of skilled tasks- effects enhanced by alcohol.  

Contra-indications

None listed

Side-effects

Nausea, vomiting, dyspepsia, abdo pain, diarrhoea (rarely antibiotic associated colitis), headache, dizziness….rarely Stevens-Johnson syndrome etc

Monitoring: None listed
Dose

By mouth, respiratory-tract infections, 250–750 mg twice daily

· Urinary-tract infections, 250–500 mg twice daily (100 mg twice daily for 3 days in acute uncomplicated cystitis in women)

· Chronic prostatitis, 500 mg twice daily for 28 days

· Gonorrhoea, 500 mg as a single dose

· Pseudomonal lower respiratory-tract infection in cystic fibrosis, 750 mg twice daily; child 5–17 years (see Cautions above), up to 20 mg/kg twice daily (max. 1.5 g daily)

· Most other infections, 500–750 mg twice daily

· Surgical prophylaxis, 750 mg 60–90 minutes before procedure

· Prophylaxis of meningococcal meningitis [not licensed],

By intravenous infusion (over 30–60 minutes; 400 mg over 60 minutes), 200–400 mg twice daily

· Pseudomonal lower respiratory-tract infection in cystic fibrosis, 400 mg twice daily; child 5–17 years (see Cautions above), up to 10 mg/kg 3 times daily (max. 1.2 g daily)

· Urinary-tract infections, 100 mg twice daily

· Gonorrhoea, 100 mg as a single dose

child not recommended (see Cautions above) but where benefit outweighs risk, by mouth, 10–30 mg/kg daily in 2 divided doses or by intravenous infusion, 8–16 mg/kg daily in 2 divided doses

Anthrax (treatment and post-exposure prophylaxis, see notes above), by mouth, 500 mg twice daily; child 30 mg/kg daily in 2 divided doses (max. 1g  daily)

By intravenous infusion, 400 mg twice daily; child 20 mg/kg daily in 2 divided doses (max. 800 mg daily)
Antiviral / HIV Drugs

Aciclivir by Lorraine Peck

· Mechanism of action

Aciclovir (ACV) is an antiviral drug, it is a guanine analogue with a high specificity for herpes simplex and varicella zoster viruses. Herpes Simplex can cause cold sores, conjunctivitis, mouth ulcers, genital infections and encephalitis. Varicella zoster viruses cause shingles and chicken pox. Herpes simplex is more susceptible to aciclovir than varicella zoster.  However, it does not eradicate the virus. Aciclovir can be considered a prodrug – it is administered in an inactive (or less active form) and is metabolised into a more active compound after administration.

The herpes virus and varicella zoster viruses contain a thymidine kinase which converts aciclovir to a monophosphate.  The monophosphate is then phosphorylated by host cell enzymes to Aciclo-GTP which inhibits viral DNA-polymerase and viral DNA synthesis. This monophosphate form of aciclovir is incorporated into the viral DNA, resulting in chain termination of the viral DNA. In addition the viral enzymes cannot remove aciclo-GMP from the chain, which results in inhibition of further activity of DNA polymerase. The DNA-polymerase of the herpes virus has a much higher affinity for the activated drug (aciclovir) than the cellular DNA-polymerase in uninfected cells. Thus acyclovir is selectively toxic to infected cells. 

Resistance  caused by changes in the viral genes coding for thymidine kinase or DNA polymerase have been found and acyclovir-resistant herpes simplex virus has been the cause of  pneumonia, encephalitis and mucocutaneous infections in immunocompromised patients. 



Side-effects

GI

Nausea, vomiting, abdominal pain, diarrhoea, very rarely hepatitis, jaundice,

Skin

Rash, urticaria, pruritus, photosensitivity,

Severe local inflammation (sometimes leading to ulceration) (with IV infusion)

Neuro

Headache, dizziness, confusion, hallucinations, convulsions and drowsiness, 

Very rarely agitation, tremors, psychosis (with IV infusion)

Haematology 

Anaemia, thrombocytopenia and leucopenia
Renal

Acute renal failure,

General

Fatigue, dyspnoea, fever

Contraindications

None except for hypersensitivity

Cautions
Maintain adequate hydration (especially with infusion or high doses); 

Renal impairment 

Pregnancy – Not known to be harmful.  Advised to use if benefits out weigh harms 

Breast-feeding - Significant amount in milk after systemic administration—not known to be harmful but manufacturer advises caution 

Interactions

	Drug
	Effect of Interaction

	Ciclosporin
	increased risk of nephrotoxicity when aciclovir given with ciclosporin

	Mycophenolate Mofetil

(Immunosuppressant)
	plasma concentration of aciclovir increased by mycophenolate mofetil , also plasma concentration of inactive metabolite of mycophenolate mofetil increased

	Probenecid
	excretion of aciclovir reduced by probenecid (increased plasma concentration)


Dose

By mouth, herpes simplex, treatment, 200 mg (400 mg in the immunocompromised or if absorption impaired) 5 times daily, usually for 5 days (longer if new lesions appear during treatment or if healing incomplete); 

Child under 2 years, half adult dose, 

Over 2 years, adult dose

Herpes simplex, prevention of recurrence, 200 mg 4 times daily or 400 mg twice daily possibly reduced to 200 mg 2 or 3 times daily and interrupted every 6–12 months

Herpes simplex, prophylaxis in the immunocompromised, 200–400 mg 4 times daily; 

Child under 2 years, half adult dose, 

Over 2 years, adult dose

Varicella and herpes zoster, treatment, 800 mg 5 times daily for 7 days; 

Child, varicella, 20 mg/kg (max. 800 mg) 4 times daily for 5 days or 

Under 2 years 200 mg 4 times daily, 2–5 years 400 mg 4 times daily, 

Over 6 years 800 mg 4 times daily

Attenuation of chickenpox (if varicella–zoster immunoglobulin not indicated) [unlicensed use], adult and child 40 mg/kg daily in 4 divided doses for 7 days starting 1 week after exposure

By intravenous infusion, treatment of herpes simplex in the immunocompromised, severe initial genital herpes, and varicella–zoster, 5 mg/kg every 8 hours usually for 5 days, doubled to 10 mg/kg every 8 hours in varicella–zoster in the immunocompromised and in simplex encephalitis (usually given for at least 10 days in encephalitis, possibly for 14–21 days); prophylaxis of herpes simplex in the immunocompromised, 5 mg/kg every 8 hours

Note

To avoid excessive dosage in obese patients, parenteral dose should be calculated on the basis of ideal body-weight

Neonate and infant up to 3 months, with disseminated herpes simplex, 20 mg/kg every 8 hours for 14 days (21 days if CNS involvement); varicella–zoster [unlicensed use] 10–20 mg/kg every 8 hours for at least 7 days; child 3 months–12 years, herpes simplex or varicella–zoster, 250 mg/m2 every 8 hours usually for 5 days, doubled to 500 mg/m2 every 8 hours for varicella–zoster in the immunocompromised and in simplex encephalitis (usually given for at least 10 days in encephalitis, possibly for 14–21 days)

By topical application, see sections 13.10.3 (skin) and 11.3.3 (eye)

Ganciclovir by Lorraine Peck

Mechanism of Action

Ganciclovir is an antiviral drug, an a acyclic analogue of guanosine. It is the drug of choice for cytomegalovirus (CMV) infection which occurs particularly in immunocompromised patients.  CMV is a frequent opportunistic infection in AIDS patients.  Like aciclovir, ganciclovir has to be activated to the triphosphate and in this form it competes with guanosine triphosphate for incorporation into viral DNA. It suppresses viral DNA replication, but unlike aciclovir it does not act as a chain terminator nor is it rapidly broken down, and can persist in cells infected with CMV for 18-20 hours.  It must be given IV, although it can cause neutropenia. It is therefore, only used to treat severe CMV in immunocompromised patients.  CMV is resistant to aciclovir because it does not code for thymidine kinase.
Valganciclovir by Lorraine Peck

Mechanism of Action

An antiviral medication used for initial and maintenance treatment of cytomegalovirus retinitis in patients with AIDS. As the L-valyl ester of ganciclovir, it is a prodrug for ganciclovir. After oral administration, it is rapidly converted to ganciclovir by intestinal and hepatic esterases. The activity of the drug is due to its conversion. Ganciclovir is a synthetic analogue of 2'-deoxyguanosine and inhibits the replication of human cytomegalovirus (CMV). In CMV-infected cells, ganciclovir is initially phosphorylated to ganciclovir monophosphate by a viral protein kinase. Further phosphorylation by protein kinases produces ganciclovir triphosphate. Ganciclovir triphosphate acts as a virostatic agent by inhibiting viral DNA synthesis. It compets for a position in the viral DNA and terminating DNA synthesis once incorporated. Since phosphorylation is dependent upon viral protein kinases, ganciclovir is preferentially metabolized in virus-infected cells.
HAART: highly active anti-retroviral therapy by Krishna Vakharia
Antiretroviral drugs are medications for the treatment of infection by retroviruses, primarily HIV. Different classes of antiretroviral drugs act at different stages of the HIV life cycle. Combination of several (typically three or four) antiretroviral drugs is known as Highly Active Anti-Retroviral Therapy (HAART).

Antiretroviral drugs are broadly classified by the phase of the retrovirus life-cyle that the drug inhibits. There are thus three broad classifications of antiretroviral drugs: 

· Reverse transcriptase inhibitors (RTIs) target construction of viral DNA by inhibiting activity of reverse transcriptase. 

· Protease inhibitors (PIs) target viral assembly by inhibiting the activity of protease, an enzyme used by HIV to cleave nascent proteins for final assembly of new virons. 

· Fusion inhibitors block HIV from fusing with a cell's membrane to enter and infect it. 

· Integrase inhibitors inhibit the enzyme integrase, which is responsible for integration of viral DNA into the DNA of the infected cell. There are several integrase inhibitors currently under clinical trial but none are commercially available.

Combination therapy

The life cycle of HIV can be as short as about 1.5 days: from viral entry into a cell; through replication, assembly, and release of additional viruses; to infection of other cells. HIV lacks proofreading enzymes to correct errors made when it converts its RNA into DNA via reverse transcription. Its short life cycle and high error rate cause the virus to mutate very rapidly, resulting in a high genetic variability of HIV. Most of the mutations either are inferior to the parent virus (often lacking the ability to reproduce at all) or convey no advantage, but some of them have a natural selection superiority to their parent and can enable them to slip past defenses such as the human immune system and antiretroviral drugs. The more active copies of the virus, the greater the possibility that one resistant to antiretroviral drugs will be made, so antiretroviral combination therapy defends against resistance by suppressing HIV replication as much as possible. 

Combinations of antiretrovirals create multiple obstacles to HIV replication to keep the number of offspring low and reduce the possibility of a superior mutation. If a mutation arises that conveys resistance to one of the drugs being taken, the other drugs continue to suppress reproduction of that mutation. With rare exceptions, no individual antiretroviral drug has been demonstrated to suppress an HIV infection for long; these agents must be taken in combinations in order to have a lasting effect. As a result the standard of care is to use combinations of antiretroviral drugs. 

Combinations of antiretrovirals are subject to positive and negative synergies, which limits the number of useful combinations. For example, ddI and AZT inhibit each other, so taking them together is less effective than taking either one separately. Other issues further limit some people's treatment options from antiretroviral drug combinations, including their complicated dosing schedules and often severe side effects. 

Anti-Fungal Drugs

Amphotericin by Simon Pettitt

Mechanism of Action:

Amphotericin is an polyene antimycotic drug. Antimycotics are used in the treatment of fungal infections.

Polyene antimycotics associate with ergosterol. Ergosterol is a chemical present in fungal membranes. Associatiation of ergosterol and amphotericin causes pore formation. The formation of pores results in loss of K+ and thus fungal cell death. 

 As such Amphotericin is useful in the treatment of candida albicans (oral thrush) as an oral preparation and systemic fungal infections (aspergillosis, cryptococcus, leishmaniasis) as intravenous preparations.

Fluconazole by Jess Mitchell

Mechanism of Action

Is a triazole- it has a wide range of antifungal activity with fewer side-effects due to their specificity.  They are specific inhibitors of lanosterol alphademethylase, an action that results in inhibition of ergosterol synthesis.  Fluconazole is very well absorbed after oral administration.  It also achieves good penetration into the CSF to treat fungal meningitis.  

Cautions

Renal impairment, pregnancy and breast feeding, monitor liver function- discontinue if signs or symptoms of hepatic disease

Contra-indications

None listed 

Side-effects

Nausea, abdominal discomfort, diarrhoea, flatulence, headache etc

Dose

Vaginal candidiasis (see also Recurrent Vulvovaginal Candidiasis, section 7.2.2) and candidal balanitis, by mouth, a single dose of 150 mg

Mucosal candidiasis (except genital), by mouth, 50 mg daily (100 mg daily in unusually difficult infections) given for 7–14 days in oropharyngeal candidiasis (max. 14 days except in severely immunocompromised patients); for 14 days in atrophic oral candidiasis associated with dentures; for 14–30 days in other mucosal infections (e.g. oesophagitis, candiduria, non-invasive bronchopulmonary infections); child by mouth or by intravenous infusion, 3–6 mg/kg on first day then 3 mg/kg daily (every 72 hours in neonate up to 2 weeks old, every 48 hours in neonate 2–4 weeks old)

Tinea pedis, corporis, cruris, pityriasis versicolor, and dermal candidiasis, by mouth, 50 mg daily for 2–4 weeks (for up to 6 weeks in tinea pedis); max. duration of treatment 6 weeks

Invasive candidal infections (including candidaemia and disseminated candidiasis) and cryptococcal infections (including meningitis), by mouth or intravenous infusion, 400 mg daily (400 mg initially then 200 mg daily in invasive candidal infections, increased if necessary to 400 mg daily); treatment continued according to response (at least 8 weeks for cryptococcal meningitis); child 6–12 mg/kg daily (every 72 hours in neonate up to 2 weeks old, every 48 hours in neonate 2–4 weeks old); max. 400 mg daily

Prevention of relapse of cryptococcal meningitis in AIDS patients after completion of primary therapy, by mouth, 200 mg daily or by intravenous infusion, 100–200 mg daily

Prevention of fungal infections in immunocompromised patients, by mouth or by intravenous infusion, 50–400 mg daily adjusted according to risk; 400 mg daily if high risk of systemic infections e.g. following bone-marrow transplantation; commence treatment before anticipated onset of neutropenia and continue for 7 days after neutrophil count in desirable range; child according to extent and duration of neutropenia, 3–12 mg/kg daily (every 72 hours in neonate up to 2 weeks old, every 48 hours in neonate 2–4 weeks old); max. 400 mg daily
Anti-Malarial Drugs

Malaria – by Alan McLeod

Malaria is endemic in many tropical and semitropical areas including parts of North America it should be suspected in the following groups of patients

· Returned from a malaria infected country within the last 4-6 weeks

· Symptoms of influenza (fever, muscular ache, malaise)

· or of gastroenteritis (nausea, vomiting, diarrhoea)

· with fever, chills or anaemia

As well as via mosquito bite, malaria may be spread by blood transfusion from an infected individual or via the sharing of needles in injecting drug use.

The fever of malaria may follow a regular relapsing / remitting pattern (every 2 days or 3 days depending upon plasmodium species). The worst type (P. falciparum) may have fevers at irregular intervals.

The diagnosis is confirmed by a smear of peripheral blood that is Giemsa stained. Serology is of little use as treatment is required within 1-2 days of onset of symptoms and seroconversion takes far longer than this.

Quinine by Rubina Matharu

Indication: 
( Treatment (not prophylaxis as is too toxic) of falciparum malaria, or if infective species is unknown, or if mixed infection.

( Nocturnal leg cramps
Mode of operation:  

Malaria: Quinine is thought to affect plasmodial DNA and prevent its replication (see mode of operation for Chloroquine).  The mechamism of action is not fully known.

Leg cramps: quinine reduces the excitability of the motor end plate and reduces its response to acetylcholine and tetanic stimulation. 

Side effects: 

Cinchonism is a pathological condition in humans caused by an overdose of quinine – symptoms include tinnitus, headache, hot and flushed skin, nausea, abdominal pain, rashes, visual disturbances (including temporary blindness), confusion; hypersensitivity reactions including angioedema, blood disorders (including thrombocytopenia and intravascular coagulation), and acute renal failure; hypoglycaemia (especially after parenteral administration); cardiovascular effects; very toxic in overdosage (accidental fatalites have occurred in children).

Contraindications: 

Haemoglobinuria

Myasthenia gravis

Optic neuritis

Cautions: 

Atrial fibrillation, conduction defects, heart block, pregnancy (but appropriate for treatment of malaria, G6PD deficiency
Interactions: 

	Drug
	Effect of interaction

	Amiodarone
	( risk of ventricular arrhythmias —avoid concomitant use.

	Cimetidine
	metabolism of quinine inhibited by cimetidine (( plasma concentration)

	Digoxin
	quinine ( plasma concentration of digoxin

	Flecainide
	quinine ( plasma concentration of flecainide

	Mefloquine
	( risk of convulsions when quinine given with mefloquine (but should not prevent the use of intravenous quinine in severe cases)

	Moxifloxacin
	( risk of ventricular arrhythmias when quinine given with moxifloxacin —avoid concomitant use

	Pimozide
	( risk of ventricular arrhythmias  —avoid concomitant use

	Suxamethonium
	quinine possibly enhances effects of suxamethonium

	Artemether with Lumefantrine
	avoidance of antimalarials advised by manufacturer of artemether/lumefantrine


Monitoring: monitor blood glucose and electrolyte concentration during parenteral treatment.
Dose: 

Malaria treatment: 
Oral: 600 mg (of quinine salt) every 8 hours for 7 days and (if quinine resistance known or suspected) followed by:

Either Fansidar (Pyrimethamine with sulfadoxine) – 3 tablets as a single dose

Or/ (if Fansidar resistant) Doxycycline 200mg daily (as a single dose or divided into 2 doses) for at least 7 days.

Parenteral: if patient is severely ill quinine should be given by intravenous infusion.  For the adult the loading dose is 20mg/kg2 (up to a maximum of 1.4g) of quinine salt infused over 4 hours every 8 hours (until patient is able to swallow tablets to complete the 7 day course), followed by either Fansidar or Doxycycline as above.

Nocturnal leg cramps:
Quinine salts 200 –300 mg at bedtime are effective in reducing the frequency of nocturnal leg cramps by about 25% in ambulatory patients. It may take up to 4 weeks for improvement to become apparent and it is then given on a continuous basis if there is benefit. Patients should be monitored closely during the early stages for adverse effects as well as for benefit. Treatment should be interrupted at intervals of approximately 3 months to assess the need for further quinine treatment. 

Chloroquine by Rubina Matharu

Indication: 

( Prophylaxis of malaria in areas of the world where risk of chloroquine resistance is still low.  It is no longer recommended for the treatment of falciparum malaria due to widespread resistance. It is also not recommended if the infective species is not known or if there is mixed infection.  It is still recommended for the treatment of benign malarias (usually caused by Plasmodium vivax and less commonly P. ovale and P. malariae).

( As a disease modifying drug in the long term control of Rheumatoid arthritis (RA).

( Occasionally used in the treatment of Systemic and discoid lupus erythematosus.

Mode of operation: 

Background: Malaria is caused by four species of protozoa (P. falciparum, P. vivax, P. ovala, P.malariae) that have part of their life cycle in the female Anopheles mosquito). 

When a mosquito bites a human is injects sporozoites into a capillary and these are carried by the blood to the liver where they multiply and form tissue schizonts (pre-erythrocytic stage).  After 5-16 days the schizonts rupture and release thousands of merozoites that infect red blood cells (erythrocytic stage).  In the case of P. ovale and P. vivax but NOT P.falciparum some of the schizonts remain dormant in the liver and can rupture months/years later causing a relapse in the disease.

Chloroquine is a rapidly acting antimalarial and is toxic to the erythrocytic schizonts.  It has no action on the liver schizonts and must be followed by a course of Primaquine (used to eliminate schizonts of P. ovale and P. vivax in the liver once the clinical attack has been controlled).    

Mechanism of action: Plasmodia within parasitized red blood cells digest haemoglobin producing haem (ferriprotoporphyrin IX) that is toxic.  Plasmodial haem polymerase converts haem to harmless haemazoin.  Chloroquine is concentrated in sensitive plasmodia and inhibits haem polymerase.  The result is an accumulation of haem that is thought to kill parasites by a membranolytic action. 
Side effects: 

Gastro-intestinal disturbances 

Headache

Hypotension

Convulsions

visual disturbances

depigmentation or loss of hair

skin reactions (rashes, pruritus)

Rarely: bone-marrow suppression, hypersensitivity reactions such as urticaria and angioedema; Side-effects (associated with rx of RA and lupus erythematosus): ECG changes, retinal damage, keratopathy, ototoxicity, discolouration of skin, nails and mucous membranes.  

Rarely: blood disorders, mental changes, myopathy, acute generalised exanthematous pustulosis, exfoliative dermatitis, Stevens-Johnson syndrome, photosensitivity and hepatic damage.

Very toxic in overdose
Cautions:

Renal impairment

Hepatic impairment

Pregnancy (but for malaria benefit outweighs risk)

May exacerbate psoriasis

Neurological disorders (avoid for prophylaxis if history of epilepsy)

May aggravate myasthenia gravis

Severe gastro-intestinal disorders

G6PD deficiency 

Avoid concurrent therapy with hepatotoxic drugs
Interactions: 

	Drug
	Effect of interaction

	Kaolin
	Absorption of chloroquine reduced

	Agalsidase Beta 
	Effects possibly inhibited by chloroquine

	Antacids
	Absorption of chloroquine reduced

	Anti-arrhythmics
	( risk of ventricular arrhythmias, avoid concomitant use with amiodarone

	Antibacterials
	( risk of ventricular arrhythmias, avoid concomitant use with moxifloxacin

	Antiepileptics
	Possible increased risk of convulsions

	Antimalarials
	Avoidance of antimalarials recommended by manufacturer (artemether/lumefantrine), ( risk convulsions when chloroquine given with mefloquine.

	Cardiac glycosides
	Possible ( plasma concentration of digoxin

	Ciclosporin
	( plasma concentration

	Parasympathomimetics
	May increase symptoms of myasthenia gravis and diminish effect of neostigmine and pyridostigmine

	Ulcer healing drugs
	Metabolism inhibited by cimetidine


Monitoring: Manufacturers recommend regular ophthalmological examination when used for RA and lupus erythematosus.

Dose: Doses expressed as chloroquine base

Prophylaxis of malaria, preferably started 1 week before entering endemic area and continued for 4 weeks after leaving, 300 mg once weekly; 

Infants

To 12 weeks body-weight under 6 kg, 37.5 mg once weekly

12 weeks–11 months body-weight 6–10 kg, 75 mg once weekly

Child 

1–3 years body-weight 10–16 kg, 112.5 mg once weekly

4–7 years body-weight 16–25 kg, 150 mg once weekly

8–12 years body-weight 25–45 kg, 225 mg once weekly

Over 13 years body-weight over 45 kg, adult dose

For the indication of RA and lupus – this is a specialised use and should be initiated and supervised under expert guidance. 

Counselling: Warn travellers about importance of avoiding mosquito bites, importance of taking prophylaxis regularly, and importance of immediate visit to doctor if ill within 1 year and especially within 3 months of return.

Proguanil – by Rebecca Dobson

Chemical structure.
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Mode of operation:
Folate antagonist. Inhibits the utilisation of folate by inhibiting dihydrofolate reductase. This inhibits formation of tetrahydrofolate. Folates are essential for DNA synthesis and cell division. Synthesis of folate is an example of a metabolic pathway found in bacteria but not man. Folate is required for DNA synthesis in both bacteria and humans. Humans obtain it from the diet and have evolved a transport mechanism for taking it up into the cells. Humans don’t need to synthesise it and indeed cannot do so. Most species of bacteria however as well as asexual forms of malarial protozoa have not evolved the necessary transport mechanisms and cannot make use of preformed folate. In order to act as coenzymes folates must be reduced to tetrahydrofolate (FH4). This reaction is catalysed by dihydrofolate reductase and occurs in two steps, first to dihydrofolate (FH2) and then to FH4. Proguanil inhibits protozoal dihydrofolate reductase specifically.

Given orally and well absorbed although process is slow. Plasma half-life of 16 hours. Pro-drug, metabolised in liver to its active form – a triazine metabolite excreted in the urine. Must be taken daily. 

Proguanil is used (usually with chloroquine, but occasionally alone) for the prophylaxis of malaria. Malarone (a combination of atovaquone with proguanil) is licensed for the treatment of acute uncomplicated falciparum malaria. Malarone is also used for prophylaxis of falciparum malaria in areas of widespread mefloquine or chloroquine resistance. Malarone is particularly suitable for short trips to highly chloroquine-resistant areas because it needs to be taken only for 7 days after leaving an endemic area.

Side-effects.

· Mild gastric intolerance and diarrhoea

· Mouth ulcers and stomatitis

· Skin reactions and hair loss reported

· Rarely hypersensitivity reactions such as urticaria and angioedema

Cautions.

· Renal impairment

· Pregnancy – folate supplements needed.
Interactions.

	Drug.
	Effect of interaction.

	Antacids
	Absorption of proguanil reduced by oral magnesium salts (as magnesium trisilicate).

	Anticoagulants
	Proguanil may enhance anticoagulant effect of warfarin.

	Antimalarials
	Increased antifolate effect when proguanil given with pyrimethamine.


Monitoring/Counselling.

Warn travellers about importance of avoiding mosquito bites, importance of taking prophylaxis regularly and importance of immediate visit to doctor if ill within 1 year and especially within 3 months of return.

Dose.

Prophylaxis of malaria, preferably started 1 week before entering endemic area and continued for 4 weeks after leaving. 200mg once daily.

Infant:
up to 12 weeks body weight under 6kg, 25mg once daily; 12 weeks – 11 months body weight 6-10kg; 50mg once daily.

Child:
1-3 years body-weight 10-16kg, 75mg once daily, 4-7 years body-weight 16-25kg, 100mg once daily, 8-12 years body-weight 25-45kg; 150mg once daily; over 13 years body-weight over 45kg, adult dose.

Fansidar – by Rebecca Dobson

Combination of Pyrimethamine and Sulfadoxine. Not recommended for prophylaxis of malaria. Used in the treatment of Falciparum malaria. Can be used with or following quinine.
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Chemical structure:



Mode of operation.
(i) Chemoprophylactic function – kills falciparum parasites when they emerge from the liver after the pre-erythrocytic stage.

(ii) Prevents transmission – destroys gametocytes preventing transmission by mosquito and therefore preventing the increase of the human reservoir of the disease. It is however, rarely used for this purpose alone.

The use of sequential blockade with a combination of the 2 drugs (pyrimethamine and sulfadoxine) affects the same pathway in the malaria parasite at different points. Sulphonamides (sulfadoxine) and folate antagonists (pyrimethamine) when used together are more effective than when used alone for example in the treatment of pneumocystis pneumonia. Lower concentrations of each drug are effective when the 2 are used together thus decreasing likelihood of developing side-effects.

Side-effects.

· Nausea and vomiting

· Depression of haemopoiesis with high doses

· Rashes (including Stevens-Johnson syndrome)

· Insomnia

· Pulmonary infiltrates (e.g. eosinophilic or allergic alveolitis) reported – discontinue if cough or shortness of breath.

· Liver damage including jaundice and hepatocyte necrosis.

Contraindications.

· Porphyria

Cautions.

· Hepatic or renal impairment

· Pregnancy

· Breast feeding

· History of seizures – avoid large loading doses.

· Avoid in blood disorders (unless under specialist supervision)

Interactions.

	Drug.
	Effect of interaction.

	Antibacterials
	Increased antifolate effect when pyrimethamine is given with sulphonamides. Increased antifolate effect when pyrimethamine is given with trimethoprim.

	Antiepileptics
	Pyrimethamine antagonises anticonvulsant effect phenytoin, also increased antifolate effect.

	Antimalarials
	Avoidance of antimalarials advised by manufacturer of lumefantrine. Increased antifolate effect when pyrimethamine is given with proguanil.

	Antivirals
	Increased antifolate effect when pyrimethamine given with zidovudine.

	Cytotoxics
	Pyrimethamine increases antifolate effect of methotrexate.


Monitoring.

· Blood counts required with prolonged treatment.
Dose.

Fansidar tablets – pyrimethamine 25mg, sulfadoxine 500mg. 3 tablets to be taken as a single dose. Not for prophylactic treatment as recommended by UK malaria experts.
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