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1969:  US Surgeon general Koop

“We can now close the book on 
infectious diseases caused by 
bacteria”



Scenario 1

� 55 year old man
� Usually coughs a bit but cough now worse for two 

weeks. Says, “I can’t shift it doctor, I have tried 
cough mixture for the chemist, I think I need some 
antibiotics now.”

� Smoker
� No fever, no tachypnoea
� No wheeze but scattered crackles  



Scenario 2

� 28 year old woman
� Busy job, two young children, important 

business trip in three days time
� Sore throat for 5 days
� No cough
� Palpable lymph nodes in neck palpable
� No pus on tonsils but throat inflamed



Total Outpatient Antibiotic Use in 25 European 
Countries in 2004
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Antibiotic use and resistance

Correlation between penicillin use and prevalence of penicillin non-susceptible S pneumoniae. Gossens H, 
Lancet2005:365:579-587



Penicillin non-susceptible S. pneumoniae 2005 Fluoroquinolone resistant E. coli 2005

Antibiotic Resistance among 
Outpatient Pathogens in Europe



The cost of resistance: hospitals
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The cost of resistance: primary care 
Wellcome study

>900 patients with E.coli UTI

‘Days out of action’

Sensitive to all 3.1 (2.4-3.7) days

Resistant to any 4.6 (3.6-3.7) days

Resistant to ampi 4.5 (3.5-5.6) days

Resistant to Tri 6.6 (4.6-8.5) days

Increased consulting in general practice



New antibiotics?

•NO new antibiotic in last decade or under development has improved 
activity against multidrug resistant gram negative or mycobacterium

•In past three decades, only one truly new class of antibiotic with novel 
ation (oxazolidinones)

•Cost of developing new anti-infective Euros 500-800M. 

•4-6 years after first administration in man

•1 in 5 make it

•Drug companies disinvesting: 

•Short duration of treatment

•Complex studies required

•Narrow spectrum and reduced indications favoured





From practitioners: “I didn't cause it and 
there’s nothing I can do about it”

“I think one of the things that annoys me slightly 
about it, is one gets the impression that we are 
under some pressure to try and prescribe sensibly, 
but you do worry about antibiotic used elsewhere 
in the community for instance farming etc and 
agriculture that are probably not being as well 
monitored as and you wonder whether your odd 
prescription for something makes very much 
difference”



A GP voice from the Valleys

…You read all this literature and they do say that 
frequent antibiotic prescription, they develop 
resistance …. They say ‘oh… you are prescribing 
more of those antibiotics’… but then we are on 
the front line …it is an old mining area, a lot of 
them get so many chest infections here, and 
living in the small houses, infection is passed 
over so quickly … you have to treat them before it 
is too late … if you have not given antibiotics for a 
chest infection and if the patient develops 
pneumonia later on, you can not justify why you 
have not given an antibiotic …I know that I want 
my patient to get better quickly…our big problem 
is to help the hospital…we start ourselves a little 
bit stronger antibiotic to prevent the hospital load



A concerned clinician 

Why antibiotics propaganda may cause extra deaths 

Lower respiratory tract infection is not the commonest thing managed in general practice 
(News, July 19) and 807 patients is a scandalous lack of evidence on which to base 
research, especially as the result is not what we see in hospital and general practice.

Doctors taking notice of Government propaganda abou t not using 
antibiotics in the NHS have caused an increase in L RTI and death.

My evidence is based on 30 years in general and hospital practice. If antibiotics don't 
work in LRTI perhaps these academics could explain why, when patients get an LRTI 
after being denied antibiotics for URTI, they get better on antibiotics in hospital.

Could Professor Paul Little consider doing something useful, like proving that antibiotic 
resistance in the UK is caused by 'inappropriate patients' using the NHS free 24 hours 
a day, or showing that MRSA is due to too many patients being pushed through too few 
hospitals with too many unhygienic visitors.

And all to satisfy the politically correct agenda of patient power.

Dr Searle, Pulse Aug 2 2004Dr Searle, Pulse Aug 2 2004 Pulse August 2 2004



From scientists

� Mixed results from cycling antibiotics for UTIs in 
hospital

� Although association between antibiotic use and 
resistance is clear, will reducing antibiotics reduce 
resistance?

� Bacterial fitness may not be reduced by acquisition 
of resistant elements

� So it’s ‘conservations’ versus ‘technical solution’



WORD study

� Dispensing data – quarterly rates  (in 
terms of items, not DDDs) per practice for 
all main antimicrobials, April 1996 – March 
2003, from PARC

� Micro reports from DATASTORE We 
focus on UTI coliforms: large number



Sample

� Primary analysis: 164 225 coliform isolates 
from 240 practices that contributed data for 
entire 7 year period; 1.7M people; similar to 
all practices

� Secondary analysis: 256 370 coliform 
isolates from 527 practices that contributed 
data at some point

� Duplicates excluded from these analysis but 
included in sensitivity analysis



Data on resistance

Overall resistance levels
� Ampicillin 51.1%
� Trimethoprim 25.8%
� Co-amoxyclav 9.5%
� Nitrofurantoin 7.2%
� Cefalexin 5.5%
� Quinolones 2.1%



Association between dispensing & 
resistance at practice level



Quartile analysis

� 240 practices had resistance data for the whole 
period

� They were divided into 4 groups based on their 
changes in total antibiotic dispensing rates

� Group 1 contained the 60 practices which reduced it 
most;  group 4 contained the 60 which reduced it 
least

� Changes from year 1 to year 7



Changes in amoxicillin & trimethoprim 
resistance

� Resistance to both antibiotics decreased significantly 
in group 1 compared to the other groups.

Trimethoprim resistance by group
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Changes: ampicillin resistance

� Quartile 1: 5.2% (-7.4, -2.9) reduction
� Quartile 2: 0.4% (-1.5, 2.3) increase
� Quartile 3: 2.4% (-2.0, 1.4) increase
� Quartile 4: -0.3% (-1.0, 0,9) reduction



Changes: trimethoprim resistance

� Quartile 1: 3.4% (-5.4, -1.3) reduction
� Quartile 2: 1.7% (-3.3, - 0.1) reduction
� Quartile 3: 1.5%  (-2.9, 0.0) reduction
� Quartile 4: 0.8%  (-1.7, 0.8) reduction



Multilevel modeling

� Quarterly results nested within practices, in turn nested 
within LHBs
� Term to reflect linear trend and terms for the quartiles of 
total dispensed antibiotics
� Interactions between quartiles and study year, deprivation, 
practice size



Multilevel modeling results

� An overall decrease in ampicillin resistance of 1.03% 
(95%CI: 0.4%, 1.7%) per decrease of 50 amoxicillin 
items dispensed / 1000 patients/year (median year 
one 328 items dispensed per 1000)

� An overall decrease in trimethoprim resistance of 
1.1% (95%CI: 0.1, 2.1%) per decrease of 20 
trimethoprim items dispensed / 1000 patients/year 
(median 58 per 1000 per year)



Is it worth it?

� Principle established: local prescribing behavior 
relates to local resistance in practice population

� Effect for individuals much greater e.g. ampi resistant 
versus sensitive E.coli in 903 patients:
– Amoxi in previous month OR 3.9 (1.6-9.3)
– Amoxi in previous 2-3 months OR 2.3 (1.1-4.8)

1. (Hillier, Roberts, Dunstan, Butler, Howard, Palmer. JAC 2007)



GRACE: Aim

The overall aim of GRACE is to combat 
antimicrobial resistance through integrating and 
strengthening centres of excellence for studying the 
application of genomics with primary care
practitioners, to community-acquired lower 
respiratory tract infections (LRTI), which is the 
leading reason for seeking medical care and 
consuming antibiotics. 



WP8 GRACE-01: Objectives

� To establish a collaboration of primary care research networks in 
Europe



METHODS

� Sample: 
– Enrolment of consecutive patients consulting with 

acute (� 28 days duration) cough as the main 
symptom. 

– 2 recruitment periods of 1 month (Oct/06, Feb/07)
– Target 300 patients per network.  ~4200 patients in 

total.  Sample size based on requirements for within 
network analysis.



METHODS

� Data capture:
– CRF (clinician completed)

� Demographics, history, presentation, clinical findings, usual 
investigations, management, referral, perceived expectations 
etc.

– One month diary (patient completed)
� Expectations, hopes & beliefs of antibiotics, reasons for 

consulting, daily symptoms, taking of medications, healthcare 
resource use.

� Data collection coordinated within each network, with 
data management via a secure online system



METHODS

Analysis 

– Descriptive analysis corrected for clustering at the 
practice level

– Two level logistic regression modelling of antibiotic 
prescribing 

– Two level linear regression modelling of log outcome 
on day 4



GRACE 01: Participant Flow Chart

Patients Recruited and Registered
(n=3402)

Excluded Patients
(n=4)

Reason: Patients did not meet eligibility 
criteria 

Case Record Form (CRF)
(n=3368)

99%

Patient Diary
(n=2714)

80%



Patient Characteristics

� 37% Male
� Average age 46.0 (sd 

16.40)
� 98% seen at the 

office/surgery
� Co morbidities

– 15% existing respiratory 
condition

– 8% heart related illness
– 4% diabetes

� Presenting symptoms (3 
most common)

– Cough (100%)

– Generally unwell (80%)
– Phlegm production (77%)

� Average temperature 36.8ºC 
(se 0.72)

� Average of 7.6 symptoms 
per patient reported present, 
out of max of 14 



Patient Characteristics

• Jonkoping has the 
highest average 
symptom scores

•Mataro, Milan & 
Barcelona have the 
lowest



Clinician Examination & Investigation

� Auscultation was conducted in 
most examinations (99%)

� For over 50% of patients
– Bratislava & Antwerp would 

have taken temperature

– Balantonfured, Bratislava, Milan 
& Lodz checked blood pressure

– Lodz, Bratislava, Balantonfured, 
Southampton, Milan checked 
the pulse rate

Most commonly conducted investigations:
� C-reactive protein (15%)

– Tromso (91%), Jonkoping (67%)

� Full Blood Count (7%)
– Bratislava (25%)

� ESR (5%)

– Bratislava (31%)

� Chest x-ray (5%)
– Mataro (15%), Bratislava (13%)

� Jonkoping and Tromso conducted at 
least one investigation on the majority 
of their patients



Clinician Management

Antibiotics prescribed 53%
– 12% advised delay (median 

duration 3 days)

– Median duration of course 
of antibiotics 7 days

� Follow-up arrangements 
made 71%

� Advice on OTC medication 
50%

� Sick notes 25%

Most commonly prescribed antibiotics:

� Amoxicillin 29%
– Southampton 83%, Cardiff 74%, 

� Macrolides 26% 
– Bratislava 50%, Milan 45%, Lodz 37% 

� Co-Amoxiclav 15%
– Barcelona 47%, Mataro 43%

� Doxycycline 13%
– Utrecht 73%, Jonkoping 55%,Helsinki 50%

� Cephalosporins 7%
– Balantonfured 13%, Bratislava 10%

� Fluoroquinolones 5%
– Milan 18%, Mataro 15%, Balantonfured 

13%



Clinician Management: antibiotic prescribing
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*adjusted for presenting symptoms, age & co-morbidity
* Cardiff used as reference network



Clinician Management
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Case 1

Case 2

Case 3

Case 1
70 year old diabetic with 
many severe symptoms 
including chest pain

Case 2
25 year old with minor 
cold-like symptoms

Case 3
40 year old with bad 
cough, fever and 
disturbed sleep. 



Clinician Beliefs

� The majority of clinicians felt that 
the patient was satisfied with the 
consultation.

� GPs from Cardiff and Bratislava 
felt that the majority of their 
patients wanted them to prescribe 
antibiotics.

� The GPs from the networks with 
the highest prescribing (Cardiff, 
Lodz, Milan, Balantonfured and 
Bratislava) agreed for the majority 
of patients that antibiotics would 
help them get better faster. 

� GPs from all other networks 
disagreed with this for the majority 
of their patients.



Patient Beliefs

� The majority of patients agreed 
that using antibiotics too often 
makes it harder to treat infections.

� The majority of patients from 
Mataro, Balantonfured, Antwerp, 
Lodz, Helsinki and Bratislava 
agreed that antibiotics can be 
harmful.

� The majority of patients from 
Balantonfured and Bratislava 
agreed that most coughs that last 
more than a few days should be 
treated with antibiotics.



Outcome: Day 4

Most prevalent symptoms:
– Cough (98%)
– Phlegm (82%)
– Feeling generally unwell 

(73%)
– Blocked/runny nose 

(71%)

Higher severity scores 
associated with:

– Day 1 score
– Age
– Existing respiratory condition

Receiving a script for antibiotics 
was not significant (although 
tended towards lower scores)

Site explains considerably less variance in outcome on day 4 once age, 
co-morbidity, baseline severity and prescribing was taken into account



Outcome: additional health 
service contacts & recovery

� Saw GP again 34%

� Saw pharmacist 28%

� Saw nurse 9%
� Saw specialist 3%

� Attended Hospital 
emergency dept 1%

� Admitted to hospital 
1%

Median patient reported time to recovery 12 days (IQR 12)



Key messages

� Wide variation in presentation and assessment
� Antibiotic choice varies widely (macrolides, co-

amoxiclav, quinolones)
� Controlling for case mix explains some variation in 

antibiotic prescribing
� Huge variation in use of primary care resources may 

represent considerable opportunity costs 
� Target clinician and patient attitudes towards benefit

rather than harm 
� Most of variation in outcome disappears one case 

mix, age and co-morbidity have been taken into 
account



Scenario 1

� 55 year old man
� Usually coughs a bit but cough now worse for two 

weeks. Says, “I can’t shift it doctor, I have tried 
cough mixture for the chemist, I think I need some 
antibiotics now.”

� Smoker
� No fever, no tachypnoea
� No wheeze but scattered crackles  



Antibiotics for acute bronchitis
Cochrane database 2000

� 9 Trials – variable quality – 750 patients

� Ab treated patients
� Shorter cough duration, sputum and feeling ill (all by ½ day)

� At FU,  less likely to have cough (NNT 5), chest signs (11), not to 
have improved (14)

� No difference in activity limitation duration

� More adverse effects (NNH 17)

Modest benefit Potential side effects

(Smucny, Fahey et al., Cochrane DSR 2000)

Balance



Information leaflet and antibiotic prescribing 
strategies for acute LRTI  Little P. JAMA 2005;293:3029-
3035

� 807 patients with acute uncomplicated LRTI
– 262=Immediate antibiotics
– 272=delayed prescription
– 273=no offer of antibiotics

� Cough duration same



Scenario 2

� 28 year old woman
� Busy job, two young children, important 

business trip in three days time
� Sore throat for 5 days
� No cough
� Palpable lymph nodes in neck palpable
� No pus on tonsils but throat inflamed



Open randomised trial of prescribing strategies in Open randomised trial of prescribing strategies in 
managing sore throatmanaging sore throat
Little, Williamson et al., BMJ 1997

� 716 with sore throat randomised to 1of 3 strategies
� All supported by information sheet 
� Results [Proportion who said they took Abs]

– Immediate antibiotic [99%]

– Collect prescription in 3 days if not settling [31%]
– No antibiotic [13%]

� Conclusion
– No real difference in outcome
– Enhanced belief in Abs and need to consult in the future for those 

prescribed
– ‘Medicalisation’ of the illness. 



Modified Centor sore throat score and management advice
Score 1 point for each of the following:
•temperature > 38 °C
•absence of cough
•tender anterior cervical adenopathy
•tonsillar swelling or exudate
•age < 15 years
Subtract 1 point if:
•age � 45 years
Total score Chance of streptococcal infection
0-1 2-6%
2-3 10-28%
> 4 38-63%

Score for sore throat



Shared decision-making: a meeting 
between experts

� Information exchange is two-way
� Clinician provides relevant information about risk 

benefit appraisal of antibiotic
� Patient provides information about their lived 

experience of the illness, their values, preferences, 
lifestyle and knowledge about the treatment
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incidence, context, severity, complications and 
social determinants of health

Improved living conditions with time

Infections, 
complications

Antibiotic Prescribing

?

Aim: to narrow this gap without increasing severity and 
complications

?

Social determinants of healthWorst Best



Conclusions: in the future 
there will be…

•Less variation in management

•Not many new agents

•Better targeting of antibiotics to subgroups (clinical prediction rules) 
based on larger trials

•Human genomics may help predict who will benefit

•Better near patient testing not based on culture but genomics (is the 
pathogen present, does it carry resistant elements?)

•Better shared decision making

•Ongoing surveillance (incidence, severity, bacterial molecular 
epidemiology) in relation to social determinants of health


