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The miracle of penicillin - 1942

Day 4

Day 9

Recovered



Sulfa antibiotics and pneumonia

 1938 - controlled trial in pneumonia

 Sulpha antibiotic: 8% died

 No antibiotic: 27% died

Evans GM, GaisfordWF. Treatment of pneumonia with 2-(p-aminobenzenesuphonamido)-pyridine. 

Lancet 1938;2:14-9
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Antibiotics save body damage

Bronchiectasis
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Antibiotics enable surgery, ICU 

care, anti-cancer treatment



Chung, A. et al. BMJ 2007;0:bmj.39274.647465.BEv1-bmj.39274.647465.BE

Geometric mean minimum inhibitory concentration (MIC) for ampicillin of isolates from children 
according to whether or not they received antibiotics (error bars show 95% confidence intervals; 

P values based on t test)



Genes pass between bacteria



Resistant bacteria spread 

from one human to another 



Ciprofloxacin resistance in NZ
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Clindamycin resistance in NZ
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MRSA in NZ





Thanks to Helen Heffernan, ESR



From SE Asia to Nelson, with love
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Number of carbapenemase-producing Enterobacteriaceae isolates 
identified in New Zealand, by major β-lactamase class, each year 

from 2009 to 2015

K. pneumoniae carbapenemases (KPCs)

Metallo-β-lactamases (MBLs)

OXA-48-like carbapenemases

All carbapenemases

Thanks to Helen Heffernan, ESR



Mupirocin resistance in NZ

0

5

10

15

20

25

30

35

19
94

19
95

19
97

19
98

19
99

20
00

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

%
 r

e
si

st
an

t

Community + Hospital Staphylococcus aureus

OTC 1991-2000 Prescription only 2001 -



Resistance and total antibiotic use

Lancet 2005; 

365(9459): 548-



Mark Thomas. NZMJ 2014; 127: 1394



Use antibiotics wisely



Antibiotic stewardship

in primary care

Guidelines
•BPAC

• Health Pathways

Restrictions -

PHARMAC

Telephone 

advice

Community 

Pharmacists

Audit and 

feedback.

Education



10 antibiotic pearls for GPs

1. Topical antiseptics for preventing wound infections after 

trauma or minor procedures

2. Infected eczema

3. Who needs an antibiotic?

4. Choosing an antibiotic – MDRO risk factors

5. Choosing an antibiotic – macrolides and FQ

6. Dosing for obesity

7. Getting the right dose – flucloxacillin

8. Probenecid boosting

9. Compliance – flucloxacillin with food

10. Duration – should you always finish the course?



Acute traumatic wounds
 2% to 17.5% get infected.

 Risk factors - diabetes, legs or hands, crush injury, 

contamination, delay >24 hr 

 Cleansing and debridement ↓ infection
 Tap water = saline

 Topical antiseptics ↓ infection by 10-70%
 11+ animal studies; 13+ human trials

 Microdacyn, Savlon (chlorhex + cetrimide), H2O2, 

povidone-iodine, manuka honey, dilute bleach (cheapest)

 Dressings (moisture) benefit wounds.



Minor dermatologic procedures

 Overall 1.3 to 1.5% infection risk

 Skin prep and dressing probably important

 Topical antibiotics or antiseptics

 Meta-analysis of > 4000 patients, 4 RCTs (Bacitracin, 

chloramphenicol, mupirocin, or gentamicin ointment)

 Pooled odds of infection 0.71

 Authors’ conclusion: not indicated due to low risk
J DermTreatment 2015; 26(2): 151-8

 My recommendation: if high-risk – Microdacyn, H2O2, 

Savlon – not chloramphenicol, mupirocin



Infected eczema

 Dilute bleach (NaClO) baths – effective for submerged skin
Pediatrics 2009; 123: e808-14

Ped Dermatol 2003; 30(3): 308-15

 Microdacyn-like products – effective 
Cutis 2012; 90: 97-102

Allergy 1997; 52: 1012-6

Add 1⁄4 to 1⁄2 cup bleach to bath or 3 teaspoons bleach to a 10 L bucket of water.  

Then soak or wipe over skin for 5 to 10 min, rinse in fresh water, apply emollients 

etc...



Predictors of pneumonia

 10-20 studies in adults, including > 4500 adults:
 Absence of runny nose (2 studies)

 RR > 25/min (4+ studies)

 Fever (6+ studies)

 Tachycardia (5+ studies)

 Crackles (4+ studies)

 Reduced breath sounds (3+ studies)

 GRACE study

 2820 patients with acute cough (< 4 weeks)

 Predictors of pneumonia (5%):

 Dyspnoea, no coryza , reduced breath sounds, crackles, pulse > 100 and 

fever > 37.8

 CRP

BMJ 2013; 346:f2450





Duration of symptoms in Rhinovirus upper 

respiratory infections (‘the common cold’)
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APBRS diagnosis may be made in a patient with a viral URTI that is not better after 10 days or worsens after 5–7 days and is accompanied by 
associated symptoms.

Adapted from Sinus and Allergy Health Partnership (SAHP).  Otolaryngol Head Neck Surg. 2004;130(1 Suppl):1-45;  Adapted from Gwaltney 

JM. JAMA. 1967;202:158-164.





How did it work in Nelson, 2014?

 Positive feedback from GPs: ‘empowering’

 21% increase in CRP test use 

 A reduction in all May to October respiratory antibiotic prescribing for adults > 

16y:

 Amoxicillin – 309 (4.6%) fewer

 Macrolides – 470 (12.4%) fewer

 Doxycycline – 98 (4.7%) fewer

 No significant change in hospital admissions for chest infection.



Choosing an antibiotic – MRSA?

 Skin infection – flucloxacillin first choice – but not if high-

risk MRSA:
 Region of NZ

 Country of origin – Northern Hemisphere, Pacific Islands

 Past MRSA-positive (within 6 to 12 months)

 Failing flucloxacillin. 



Choosing an antibiotic – TMP-R?

 Cystitis – trimethoprim first choice – but not if high-risk 

TMP-R:
 ‘Complicated UTI’

 Travel to Asia, Middle East, Africa within 6 months

 Past ESBL-positive

 Past trimethoprim-use (3 to 6 months)

 Recurrent UTI (unless always TMP-S)

http://thumbs.dreamstime.com/z/elderly-woman-looking-comfortable-drinking-tea-23960645.jpg
http://thumbs.dreamstime.com/z/elderly-woman-looking-comfortable-drinking-tea-23960645.jpg


Which macrolide?

Azithromycin Roxithromycin Erythromycin

Absorption OK OK OK

Tissue/serum 

concentration

10-100x (sputum, lung, 

alveolar macrophages)

1-5x 1x

Half life 15-40 hours

(tissue 2 to 4 days)

10-12 hours 2 hours

Dosing Daily for 3 days Daily for 7 days 2-4 times daily

Indigestion 8% 5% 16-20%

QT prolong 

/arrhythmia

Mild Mild+ Worst

Pregnancy Probably safe Probably safe Safe

Interactions Few Few Many

Cost per course $2.00 $2.09 $4.75



Ciprofloxacin, not norfloxacin

 More potent (4- to 8-fold)

 Better penetration of tissue – ?pyelonephritis 

 3 days cipro = 7 days norflox in complicated UTI study

 Toxicity lower

 Overall 5.8% versus 9.1%

 Less dizziness

 Tendonopathy equal

 Less selection of resistant mutants

 Cost 2/3. 



Antibiotic dosing for obesity

Adults: 50% more 

for first 2 days

Children: NZF for 

children – by weight
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Antibiotic class Organism Time > MIC goal 

for stasis (%)

Time > MIC goal 

for optimum kill (%)

Penicillins GNR, S. pneumoniae

Staphylococci

30-40

20-30

60-70

40-50

Cephalosporins GNR, S. pneumoniae

Staphylococci

40-50

20-30

70-80

40-50

Carbapenems GNR, staphylococci

S. pneumoniae

20-30

10-20

40-50

25-40



Predicted Fluclox ‘exposure’ by dose

Infection severity fT > 0.5 Regimens that will achieve this* 

Mild , intact immunity

= ’stasis’ 

4.8-7.2 h/day (Not: 250 po QID, 500 poTDS)

(Borderline: 500 po QID, 750 poTDS)

750 po QID

1000 poTDS or QID

Moderate infection

= ‘optimum kill’

9.6-12 h/day 1000 IV 4-hourly

2000 IV 6-hourly

Severe infection >18 h/day 2000 IV 4-hourly

2000 IV 8-hourly as 4-hour infusion

6 to 12g IV continuous infusion

*based on 16 PK studies



F vs F+P vs F+P+food in volunteers

 Oral flucloxacillin 1 g

 11 volunteers

 Low dose of probenecid (500 mg)

 With and without ‘an ordinary meal’ (22 g fat)

 Modern liquid chromatography/tandem mass spectrometry (LC-

MS/MS) assay

 Measure free (unbound) fluclox.



MIC90 = 0.5 mg/L



Predicted ‘exposure’ by dose

Infection severity fT > 0.5 Regimens that will achieve this* 

Mild , intact immunity

= ’stasis’ 

4.8-7.2 h/day (Not: 250 poQID, 500 poTDS)

(Borderline: 500 po QID, 750 poTDS)

750 po QID

1000 poTDS or QID

1000 po + proben 500-1000 BD

Moderate infection

= ‘optimum kill’

9.6-12 h/day 1000 po + proben 500-1000 TDS or QID

1000 IV 4-hourly

2000 IV 6-hourly

Severe infection >18 h/day 2000 IV 4-hourly

2000 IV 8-hourly as 4-hour infusion

6 to 12g IV continuous infusion

*based on 16 PK studies, including the present study





Results - efficacy

F alone QID

n=20

F+P BD

n=19

> 20% reduction infection size 

at 48-72 hours

14 (70%) 13 (68%)

> 30% reduction pain score at 

48-72 hours

13 (65%) 14 (74%)

Resolution 7 to 14 days after 

treatment, without extra 

antibiotics

17 (85%) 16 (84%)



71 levels in 48 patients with ‘deep infections’

Target for TDS dosing 

in moderate deep GPC 

infections

(fT>0.5 > 50%)



Moderate to severe infections

 IV fluclox if septic, then or 

otherwise...

Flucloxacillin 1 g PO

plus

Probenecid 500 mg PO

with meals

Three 

times 

daily 

Four 

times 

daily



Probenecid - warnings

 Contra-indications/warnings

 Recent gout

 GFR < 35 mL/min

 Uric acid kidney stones

 Side effects

 Nausea (3% overall, less with food, lower dose) Bogor 1965

 Headache

 Other interactions

 Paracetamol (↓ by 50%); NSAIDS (↓ by 30%)

 Methotrexate.



Cephalexin + probenecid

 S. aureus MIC90 8 mg/L

 Protein binding 10%

 Probenecid doubles fT>8

Appl Microbiol 1969; 17: 457-

Brit J Pharm 1969; 37: 738-47

Appl Microbiol 1968; 16: 1684-

Clin Med 1968, Nov: 14-22



NM probenecid prescribing



Flucloxacillin with food

 Reduces absorption

 Spreads out concentration-time 

curve

 Overall mixed effect on T > 

MIC

 Minor disadvantage 

compensated for by 

convenience, adherence, less 

nausea.

Unpublished. Sharon Gardiner





Thank you

richard.everts@nbph.org.nz


