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Antimicrobial resistance and outpatient antibiotic use

Antimicrobial Resistance Collaborators; Lancet 2022

2019

4.95m deaths associated with bact AMR

1.27m deaths attributable to bact AMR



Outpatient antibiotic use

80%
AB prescribed by GPs

of AB are prescribed for RTI

of LRTI is non-severe, acute bronchitis

acute bronchitis is nevertheless treated with AB

Why?

Diagnostic uncertainy

Pneumonia we learn

Pneumonia we see

+C-reactive protein (CRP) point of care testing Enhanced consultation skills

Patient and doctor related factors

‘Do you hear me?’

Time pressure

Prescription as symbol

Patient expectations

Opinion on antibiotics

Worries

Adverse events

Wrong message to patient

Bacterial resistance

Antimicrobial Resistance Collaborators; Lancet 2022

2019

4.95m deaths associated with bact AMR

1.27m deaths attributable to bact AMR



C-reactive protein

• Strongest predictor of pneumonia 

• CRP<20 mg/l excludes pneumonia

• Adds to history/physical exam

• POCT to change management 

CRP

SS

fever

Minnaard CMAJ 2017Hopstaken BJGP 2003



CRP POC test is...

sensitive
and

non-specific 
       



CRP POC test is...

sensitive
and

non-specific 
       in hands of a care professional

for severity of illness!



Guidelines for Acute Cough, Dutch College of GPs

Uncomplicated 
respiratory infection

Additional investigations 
not required 

Clinical picture decisive 

➢Prescribe antibiotic if high 
risk for complicated course 

20-100mg/l

CRP POCT

Moderately ill patient

Additional investigations 
not required

Seriously ill patient

Complicated respiratory infection
(suspected pneumonia)

History and physical examination 

<20mg/l >100mg/l

High risk of pneumonia

➢Prescribe an antibiotic 

Uncomplicated RTI

➢Provide information 
➢Antibiotic not prescribed

C-reactive protein POCT

• Strongest predictor of pneumonia 

• CRP<20 mg/l excludes pneumonia

• Adds to history/physical exam

• POCT to change management 

Hopstaken BJGP 2003, Minnaard CMAJ 2017

Enhanced consultation skills

• Simulated patients

• Context-rich training 

• Combination of general and LRTI items

→ Competence ++    → Performance?

+

Cals Pat Educ Couns. 2007

Diagnostic studies and RCTs

22-44% 
absolute reduction of antibiotics

Cals BMJ 2009, Little Lancet 2011
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Diagnostic studies and RCTs

22-44% 
absolute reduction of antibiotics

Cals BMJ 2009, Little Lancet 2011

Butler 2019

Smedemark 2022

Tonkin-Crine 2017





Interpretation CRP test result

ENASPOC group, Frontiers in Medicine (2023)



Interpretation CRP test result

ENASPOC group, Frontiers in Medicine (2023)



• Symptoms and signs of a LRTI

• Reduce diagnostic uncertainty: severe infection?

• To reassure and/or convince patients that AB are not helpful

• Monitor progression of illness

Physician’s confidence versus appropriateness of AB prescribing decision

• GPs overconfident in clinical judgement and prescribing decision

• GPs overestimate pt expectations regarding antibiotics

• Testing before AB prescribing?

When to test CRP?

EXPERT GROUP ON CRP POINT OF CARE TESTING TO GUIDE ANTIBIOTIC PRESCRIPTIONS FOR RESPIRATORY ILLNESS

ENASPOC collaborators, Frontiers in Medicine (2023)



ENASPOC collaborators, Frontiers in Medicine (2023)



Performance of CRP devices

+ Verbakel 2014

+ Matheeussen 2018



Implementation study

GP

Nurse

Patient

Collaboration 

with laboratory

Validation

QC

IT

Conclusion:

GPs, nurses, lab and patients were very satisfied with CRP POCT use

N=936 patients

0% (1 GP)

100% GP use in NL
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Quality-assured POCT in general practice

Keypoints Guideline POCT 

in general practice

• Knowledge/EBM

• Quality

• Collaboration

• ISO 15189, ISO 22870

• General practice norms



POCT process

laboratory



CRP test result categories in RCT vs routine care

69% 69%

24% 25%

7% 8%

227  CRP  POC TESTS  RCT  
CA LS  2009

253,551  CRP  POC TESTS  
SHL  2015 -2019

CRP <20 mg/l CRP 20-100 mg/l CRP >100 mg/l

2010-2020

No signals of 
overtesting

2-3 tests per 
week per GP

Primary care data 
the Netherlands



CRP POCT = routine care

Conny Helder

Minister of Health, The Netherlands

'CRP point-of-care testing has contributed  a lot to the 

care of our patients in the Netherlands. 

We highly recommend to follow our example, and to 

start building this innovative case to improve care in 

your country.

Dr. Hopstaken and others will be happy to help out.' 



What takes him so long?

In general practice… 



Mr Aziz, 38y

• Ill for 4 days, dry cough, some diarrhea

• ‘Can you check, do I have pneumonia?’

• General impression: pale, moderately ill

• T38.8

• Normal auscultation

  No antibiotic?

  80% chance

 

Disclaimer: Actor (not his real name) has given permission to use this photo 

Hopstaken RM Fam Pract 2006



Mr van Gool, 72y

• COPD

• More dyspnea, productive cough

• ‘To collect my antibiotic, like always’

• Dyspnea, BF24/min, SO2 89%, T37

• Crackles, rhonchi

  

  Antibiotic?

  >80% chance

  

 

Disclaimer: Actor (not his real name) has given permission to use this photo 

Butler NEJM 2019



• Fever and cough 4 days. 

• ‘I guess it is time for an antibiotic’

• Not ill, T38.2

• Loud rhonchi chest

  Antibiotic?

  >80% chance

Disclaimer: Actor (not her real name) has given permission to use this photo 

Mrs van den Boomgaard, 39y

Hopstaken RM Fam Pract 2006



antibiotic

prescription

Regular laboratory test 
procedure

Patient travels

Appointment  venous puncture at 
blood collection service

Pt goes home

Pt calls GP to check if lab result is 
available

Second contact with GP to decide 
on management

POCT procedure

Finger stick test

Test result

Management decision

1 min 1 day 3-8 min

Antibiotic prescribing pitfall



Patient 

Antibiotic 
belief

Consultation

Expectation
Physician’s 

susceptibility

Antibiotic

Patient

CRP

POCT

Figure. CRP POCT breaks ongoing AB prescribing enhancing patterns in 

patient-doctor contacts 
Figure by R.Hopstaken



Patient 

Antibiotic 
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Consultation

Expectation
Physician’s 

susceptibility

Antibiotic

Patient

Time 
pressure

Anxiety

Help modus

Uncertainty
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auscultation

Label to 
prescribe

Antibiotic

GP

CRP

POCT

CRP 

POCT

Figure. CRP POCT breaks ongoing AB prescribing enhancing patterns in 

patient-doctor contacts 
Figure by R.Hopstaken



CRP mg/l %

<20 66.6

20-99 27,9

>100 5.5

Tigray, Ethiopia: 86% antibiotics for acute cough

Yebyo 2016



If we want to combat AMR in primary care

• Focus on primary care

• Provide tools that instantly impact diagnostic uncertainty 

and patient concerns

• Upgrade the importance of severe vs non-severe infection

• Provide CRP POCT  with guidance and QA 

• CRP POCT for adults ánd children

Rational use of CRP POCT in primary care

• Reduces diagnostic uncertainty

• Improves antibiotic stewardship

• Increases quality of care

• Increases satisfaction of patients and professionals

• Helps to combat AMR 

Evidence

Into practice!

Conclusion



For further reading, please find an extensive list of related 

publications, including systematic reviews and meta-

analysis, healthcare-economic analysis, guidelines, and 

more via the link below:

https://www.enaspoc.com/publications



Mr Aziz, 38y

• Ill for 4 days, dry cough, some diarrhea

• ‘Can you check, do I have pneumonia?’

• General impression: pale, moderately ill

• T38.8

• Normal auscultation

80% chance not receiving antibiotic

• CRP 145mg/l → antibiotic prescribed

Disclaimer: Actor (not his real name) his given permission to use his photo 



Mr van Gool, 72y

• COPD

• More dyspnea, productive cough

• ‘To collect my antibiotic, like always’

• dyspnea, BF24, SO2 89%, T37.0

• Crackles, rhonchi

 >80% chance to receive antibiotic

• CRP 11mg/l

• No antibiotic, prednisone

 

Disclaimer: Actor (not his real name) his given permission to use his photo 



• Fever and productive cough 6 days. 

• ‘I guess it is time for an antibiotic’

• Not ill, T38.2

• Loud rhonchi chest

>80% chance to receive antibiotic

• CRP 40mg/l → no antibiotic

• Info, worries, when can antibiotics help? 
Safety netting

Disclaimer: Actor (not her real name) his given permission to use his photo 

Mrs van den Boomgaard, 39y



Disclaimer

- No real patients, but actors

- This is a real doctor, though atypical

- Photos: Mark Kamphuis

rogier.hopstaken@maastrichtuniversity.nl

Empty waiting room at last…

Thank you!

mailto:rogier.hopstaken@maastrichtuniversity.nl
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