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Point-of-Care C-Reactive Protein Testing and 

Antibiotic Prescribing for Respiratory Tract 

Infections: A Randomized Controlled Trial

ABSTRACT
PURPOSE Antibiotics are only benefi cial for subgroups of patients with acute 
lower respiratory tract infections (LRTI) and rhinosinusitis in family practice, yet 
overprescribing for these conditions is common. C-reactive protein (CRP) point-
of-care testing and delayed prescribing are useful strategies to reduce antibiotic 
prescribing, but both have limitations. We evaluated the effect of CRP assistance 
in antibiotic prescribing strategies—including delayed prescribing—in the man-
agement of LRTI and rhinosinusitis.

METHODS We conducted a randomized controlled trial in which 258 patients 
were enrolled (107 LRTI and 151 rhinosinusitis) by 32 family physicians. Patients 
were individually randomized to CRP assistance or routine care (control). Primary 
outcome was antibiotic use after the index consultation. Secondary outcomes 
included antibiotic use during the 28-day follow-up, patient satisfaction, and 
clinical recovery.

RESULTS Patients in the CRP-assisted group used fewer antibiotics (43.4%) than 
control patients (56.6%) after the index consultation (relative risk [RR] = 0.77; 
95% confi dence interval [CI], 0.56-0.98). This difference remained signifi cant 
during follow-up (52.7% vs 65.1%; RR = 0.81; 95% CI, 0.62-0.99). Delayed pre-
scriptions in the CRP-assisted group were fi lled only in a minority of cases (23% 
vs 72% in control group, P <.001). Recovery was similar across groups. Satisfac-
tion with care was higher in patients managed with CRP assistance (P = .03).

CONCLUSIONS CRP point-of-care testing to assist in prescribing decisions, includ-
ing delayed prescribing, for LRTI and rhinosinusitis may be a useful strategy to 
decrease antibiotic use and increase patient satisfaction without compromising 
patient recovery.

Ann Fam Med 2010;8:124-133. doi:10.1370/afm.1090.

INTRODUCTION

R
espiratory tract infections are among the most common reasons to 

consult in family practice. Although antibiotic treatment is con-

sidered necessary only for community-acquired pneumonia and 

for small subgroups of the other lower and upper respiratory tract infec-

tions,1-5 antibiotics are prescribed to roughly 80% of patients consulting 

for lower respiratory tract infection (LRTI) or acute rhinosinusitis.6,7 Signs 

and symptoms are of limited value in identifying those patients in need of 

antibiotic treatment for these conditions.2,8-10 Diagnostic uncertainty and 

patient-related factors, such as patient expectations and pressure, often 

lead to unjustifi ed antibiotic prescribing by family physicians.11,12

C-reactive protein (CRP) is an acute-phase protein with levels quickly 

rising during infl ammatory processes. Currently, CRP can be measured 

by using a point-of-care test, which has been proved both accurate and 

robust in a family practice setting.13 A CRP value, combined with clinical 
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parameters, increases diagnostic certainty14-16 and may 

thereby help identify those patients who will benefi t 

from antibiotic treatment. Latest randomized evidence 

has shown that antibiotic prescribing rates fall signifi -

cantly when using CRP tests within consultations for 

LRTI without compromising clinical outcomes.17 Simi-

lar effects are suggested for rhinosinusitis.18

Delayed prescriptions are prescriptions written 

under the condition that they are not used immedi-

ately but only if symptoms persist.19 Several studies in 

the United Kingdom found lower antibiotic use when 

introducing delayed prescribing.20-22 Most studies 

investigating delayed prescribing involved uncompli-

cated respiratory tract infection solely, thereby limiting 

generalization of the study results to the full range of 

patients. The delayed strategy does not help family 

physicians estimate illness severity and identify patients 

who may benefi t from such a prescription. CRP test-

ing may be of great use in this regard, because it helps 

to identify both low- and high-risk patients with an 

emphasis on ruling out respiratory tract infections that 

have a potentially complicated course. Nonetheless, 

interpreting and communicating intermediately elevated 

test results to patients is challenging, and patients with 

these values commonly return for further consulta-

tion.23,24 A delayed prescribing may provide an appro-

priate safety net for both patients and family physicians 

for patients with intermediately elevated CRP results.

We hypothesized that CRP testing within the 

consultation would help the physician to better triage 

patients into no prescription, delayed prescription, or 

immediate prescription strategies without compromis-

ing patient outcomes. We therefore conducted a ran-

domized trial of CRP-assisted prescribing strategies for 

management of LRTI and rhinosinusitis.

METHODS
Design
The study was an open, individually randomized, con-

trolled trial evaluating the effect of CRP assistance on 

the management of LRTI and rhinosinusitis.

Patients and Setting
A total of 33 family physicians working in 11 fam-

ily practice centers in the southeastern part of the 

Netherlands participated in the study. The physicians 

recruited patients with LRTI or rhinosinusitis from 

November 2007 until April 2008. All patients aged 18 

years and older who consulted for the fi rst time for a 

current episode of LRTI or rhinosinusitis and met the 

defi ned inclusion criteria were eligible for the trial.

For LRTI15,17 patients made their fi rst consultation 

for the current episode of cough (duration less than 4 

weeks) regarded by the physician to be caused by an 

acute LRTI with at least 1 of following 4 focal signs 

and symptoms: (1) shortness of breath, (2) wheezing, 

(3) chest pain, and (4) auscultation abnormalities. At 

least 1 of the following systemic signs and symptoms 

had to be present: (1) fever,  (2) perspiring, (3) head-

ache, (4) myalgia, and  (5) feeling generally unwell.

For rhinosinusitis2,25,26 patients made a fi rst con-

sultation for the current episode of rhinosinusitis 

(duration of less than 4 weeks) with at least 1 of the 

following symptoms: (1) history of rhinorrhea and (2) 

blocked nose. At least 1 of the following symptoms 

or signs had to be present: (1) purulent rhinorrhea, (2) 

unilateral facial pain, (3) headache, (4) teeth pain, (5) 

pain when chewing, (6) maxillary/frontal pain when 

bending over, or (7) worsening of symptoms after ini-

tial improvement.

Exclusion criteria included immediate requirement 

of admission to a hospital, no understanding of the 

Dutch language, previous participation in the study, 

antibiotic use or hospitalization in the past 2 weeks, 

and immunocompromised status. All patients gave 

written informed consent before inclusion.

Clinical Evaluation at Baseline and 
Randomization
The physicians performed a routine consultation, 

including a medical history and physical examination 

at their own discretion. They recorded inclusion crite-

ria, signs, and symptoms, and they rated illness severity 

on a visual analogue scale (VAS). Once these criteria 

were recorded, randomization took place.

Each physician was provided with 1 pile of sequen-

tially numbered opaque sealed envelopes (SNOSE).27 

The use of this method prevents researchers, physi-

cians, and patients from predicting and thus infl u-

encing which patient will be allocated to which 

intervention. The SNOSE pile per physician was 

prepared by a remote independent research team, 

using permuted block randomization to ensure similar 

enrollment in both groups. Different block sizes were 

chosen to prevent the allocation sequence from being 

anticipated. Patients were randomized into either the 

intervention or the control group.

For the intervention group (CRP assistance), CRP 

was measured by the practice nurse within the consul-

tation and patients returned to the physician with the 

test result. The physician could use the CRP test result 

in addition to clinical assessment to decide on manage-

ment (immediate, delayed, or no antibiotics).

For the control group (no CRP assistance), the 

physician had to decide on a management strategy 

(immediate, delayed, or no antibiotics) based on clini-

cal assessment and fi nish the consultation (usual care). 
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CRP was measured and recorded by the practice nurse 

after the consultation. Practice nurses were instructed 

not to communicate the test result to either physician 

or patient until after the study.

C-Reactive Protein Point-of-Care Testing
The CRP analysis was carried out using QuikRead 

CRP analyzers (Orion Diagnostica, Espoo, Finland). 

A CRP test result is available within 3 minutes after 

obtaining a drop of blood by fi nger prick. Validity and 

robustness have been established for primary care.13 

Before the start of the study, the practice nurses were 

given a demonstration of the device by a product 

representative of Orion Diagnostica. Physicians were 

informed about the trial procedure and the evidence-

based use of CRP testing during a 30-minute prac-

tice-based seminar given by the study team (J.C. or 

R.H.). In this seminar we stressed the additional value 

of using CRP values to rule out serious infection and 

emphasized that the test should always be used com-

bined with clinical fi ndings. 

We advised not to prescribe antibiotics when CRP 

test results were less than 20 mg/L, to give immediate 

antibiotics when CRP test results were greater than 100 

mg/L ,and to consider a delayed prescription when CRP 

levels were between 20 and 99 mg/L. Physicians were 

allowed to deviate from the proposed prescribing strat-

egies at any time. The cutoff points above were not pre-

sented as strict rules but solely as a recommendation, to 

be taken into account in combination with the clinical 

fi ndings from medical history and physical examina-

tion when deciding on management. Cutoff points are 

based on previous diagnostic research and available 

evidence on CRP for respiratory tract infection.15,16,18,28 

Physicians in the Netherlands are not familiar with CRP 

point-of-care testing, so a 4-week run-in period enabled 

familiarization with the devices and interpretation of 

CRP test results before patient recruitment started.

If the physician decided to hand out a delayed pre-

scription (to a patient in either the CRP-assisted or con-

trol group), the patient was informed about this strategy 

by the physician and was given an information sheet. 

The sheet described the delayed prescription strategy 

but did not indicate specifi c information on illness 

symptoms or the time to wait. This advice was left at 

the discretion of the physician. If required, the patient 

could collect the prescription at the practice front desk.

Follow-up
Patients were given a diary to fi ll out that included 

questions regarding reasons for consultation and symp-

toms during next 7 days. Each day patients rated symp-

toms cough, phlegm, shortness of breath, and sleeping 

problems (for LRTI); rhinorrhea, blocked nose, dental 

pain, headache, and pain at bending over (for rhinosi-

nusitis); and disturbance of daily activities and general 

well-being (for both conditions) on a 7-point scale. The 

diary also included a Likert-scale question on satisfac-

tion and the Patient Enablement Index, a measure of 

patients’ ability in self-care.29 Patients handed in the dia-

ries after 1 week. Patients who indicated they had not 

recovered from their illness on day 7 were contacted by 

the research team by telephone to follow up and record 

whether they had recovered on day 14 or day 28. After 

day 28 the electronic medical records were accessed 

from the physicians’ databases to retrieve relevant infor-

mation on antibiotic prescriptions, additional consulta-

tions, relevant comorbidity, and complications.

Endpoints
The primary outcome was antibiotic use after the index 

consultation (defi ned as those patients using antibiotics 

immediately and those fi lling a delayed prescription). 

Secondary outcomes were antibiotic use within 28-day 

follow-up (defi ned as any antibiotic use for the current 

respiratory tract infection within 28 days after the index 

consultation, including antibiotic use immediately after 

the index consultation); additional consultations; and 

patient satisfaction, enablement, and clinical recovery.

Sample Size Calculation
To calculate the needed sample size, we assumed that 

40% of eligible patients would have LRTI and 60% 

would have rhinosinusitis. As reported prescribing 

rates for both conditions vary greatly (range 30% to 

80%) in large general practice database studies from 

the Netherlands,30-32 we decided to take a conservative 

approach by expecting 50% prescribing in the control 

group. To detect a signifi cant difference in antibiotic 

prescriptions of 20% (30% in the intervention group 

vs 50% in the control group) for both clinical entities 

combined with 80% power at a 5% signifi cance level 

and with the patient as unit of analysis, at least 188 

patients (94 per group) would be required. Based on 

incidence fi gures from Dutch general practice and an 

estimated 5% loss to follow-up, we aimed to recruit at 

least 200 patients within 1 winter period, for an esti-

mated 80 LRTI patients and 120 rhinosinusitis patients.

Statistical Analysis
The primary analysis was intention to treat, and we 

assessed the effects of the intervention (CRP assis-

tance) on antibiotic use after the index consultation 

compared with usual care (control group). Scores for 

each of the individual symptom items were added to 

create a total daily symptom score that ranged from 

0% to 100% for LRTI patients and rhinosinusitis 

patients separately. Median daily symptom scores were 
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plotted for the treatment groups and compared per day 

and for the full period. Differences were assessed using 

χ2 or the Mann-Whitney (Wilcoxon) U, where appli-

cable. Exploratory analyses investigating the infl uence 

of patient and physician characteristics on the main 

effects were performed as sensitivity analyses. All anal-

yses were performed with a multilevel approach using 

a 2-level logistic regression model to account and cor-

rect for variation at the level of physician using a sec-

ond-order penalized quasi-likelihood (PQL) approach. 

Results are presented as rates with corresponding P 

values. Odds ratio obtained from the models were 

recalculated to relative risks.33 Analysis was performed 

using SPSS 15.0 (Statistical Package for the Social Sci-

ences, SPSS, Inc, Chicago, Illinois) and MLwIN 2.0 

(Centre for Multilevel Modelling, University of Bristol, 

Bristol, United Kingdom).

Ethical Approval and 
Trial Registration
The Ethics Committee 

of Catharina Hospital in 

Eindhoven, The Neth-

erlands, approved this 

study. The CAPRESA 

trial (C-reactive protein 

Assisted Prescribing for 

RESpiratory tract infec-

tions to stimulate Anti-

biotic stewardship) was 

registered at The Neth-

erlands National Trial 

Register, trial identifi er 

NTR1112, and is reported 

following CONSORT 

guidelines for randomized 

controlled trials.34

RESULTS
Patient Enrollment 
and Characteristics
Thirty-two family physi-

cians recruited patients 

for the trial. A total of 258 

patients were enrolled, 

of whom 107 patients 

had acute LRTI, and 151 

patients had acute rhino-

sinusitis. One hundred 

twenty-nine patients were 

randomized into the CRP-

assisted group (56 LRTI 

and 73 rhinosinusitis), 

and 129 patients (51 LRTI 

and 78 rhinosinusitis) 

were randomized into 

the control group. Data 

for the primary outcome 

were available for all of 

these patients (Figure 1). 

Patient-reported outcomes 

 Figure 1. Trial profi le.

ENROLLMENT

270 Patients with lower respiratory tract infec-
tion and rhinosinusitis assessed for eligibility

12 Excluded 

10 Did not meet inclusion criteria

2 Other reasons

258 Patients randomized

ALLOCATION

C-reactive protein assistance group = 129

129  patients were allocated to and received 
C-reactive protein testing during respira-
tory tract infection consultation

56 had lower respiratory tract infection

73 had rhinosinusitis

ANTIBIOTIC PRESCRIBING

No 
antibiotics 

n = 56

Delayed 
antibiotics

n = 22

Immediate 
antibiotics

n = 51

ANTIBIOTIC USE

No antibiotics used
n = 73
56.6%

ANTIBIOTIC USE

Antibiotics used
n = 56
43.4%

FOLLOW-UP

Data available for analysis:

Antibiotic prescribing and anti-
biotic use: 100%

Additional consultation and physi-
cian recorded data: 100%

Patient-reported outcomes: 91%

ALLOCATION

Control group = 129

129  patients were allocated to and received 
usual care during respiratory tract infec-
tion consultation

51 had lower respiratory tract infection

78 had rhinosinusitis

ANTIBIOTIC PRESCRIBING

No 
antibiotics 

n = 48

Delayed 
antibiotics

n = 29

Immediate 
antibiotics

n = 52

ANTIBIOTIC USE

No antibiotics used
n = 56
43.4%

ANTIBIOTIC USE

Antibiotics used
n = 73 
56.6%

FOLLOW-UP

Data available for analysis:

Antibiotic prescribing and anti-
biotic use: 100%

Additional consultation and physi-
cian recorded data: 100%

Patient-reported outcomes: 97%
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were available for 94% (243) of all recruited patients. 

The 2 groups were similar in terms of sex, age, educa-

tional level, comorbidity, and smoking history. Patient 

characteristics are shown in Table 1.

C-Reactive Protein Point-of-Care Testing
CRP test results at the index consultation were avail-

able for all patients. Median CRP was 17 mg/L in the 

CRP-assisted group and 19 mg/L in 

the control group (P = .88). Table 2 

displays the number of patients 

per CRP category, with 54.3% 

of patients having a CRP level of 

less than 20 mg/L. In the CRP-

assisted group, the CRP value was 

revealed to both patient and physi-

cian within the consultation in all 

129 cases. As a result of logistical 

issues (eg, the patient was present in 

nurse’s room when the CRP device 

displayed the test result), the CRP 

value was revealed to 13 patients 

in the control group, according to 

patient’s self-reported diary data. 

Nonetheless, CRP testing in the 

control group was performed after 

the consultation with the physician, 

and the fi ndings did not infl uence 

the physicians’ prescribing decision. 

In 1 case a control patient’s CRP 

result was revealed to the physi-

cian, with no implications for this 

patient’s management.

Effect on Antibiotic 
Prescribing
Antibiotic use after the index 

consultation was recorded for 

43.4% (n = 56) of patients in the 

CRP-assisted group and for 56.6% 

(n = 73) of patients in the control 

group (relative risk [RR] = 0.77; 

95% confi dence interval [CI], 

0.56-0.98) (Table 3 and Figure 1). 

This difference in antibiotic use 

remained signifi cant for the 28-day 

follow-up period, 52.7% vs 65.1% 

(RR = 0.81, 95% CI, 0.62-0.99). 

At the index consultation, 39.5% 

(n = 51) of the patients in the CRP-

assisted group received immediate 

antibiotics, whereas 43.4% (n = 56) 

received no antibiotics, and 17.1% 

(n = 22) received a delayed prescrip-

tion from their physician. In the control group 40.3% 

(n = 52) received immediate antibiotics, 37.2% (n = 48) 

received no antibiotics, and 22.5% (n = 29) received 

delayed antibiotics (Figure 1). Of those patients having 

received a delayed prescription in the control group 

72.4% (n = 21) fi lled their delayed prescription in the 

following days compared with only 22.7% (n = 5) in 

the CRP-assisted group (P <.001).

Table 1. Characteristics of Randomized Patients

Characteristic
CRP 

Assistance Control 

Demographics n = 129 n = 129

Female, % (n) 68.2 (88) 70.5 (91)

Age, mean (SD), y 43.0 (13.4) 45.5 (14.0)

Lower education, % (n)a 29.2 (31) 19.8 (21)

Secondary education, % (n)a 43.4 (46) 42.5 (45)

Higher education, % (n)a 27.4 (29) 37.7 (40)

Current smoking, % (n) 30.8 (33) 25.5 (27)

Comorbidity n = 129 n = 129

COPD, % (n) 3.9 (5) 2.3 (3)

Asthma, % (n) 7.8 (10) 7.0 (9)

Allergic rhinitis, % (n) 10.1 (13) 9.3 (12)

Diabetes mellitus, % (n) 7.0 (9) 3.1 (4)

Heart disease, % (n) 4.7 (6) 6.2 (8)

Lower respiratory tract infection, n n = 56 n = 51

Shortness of breath, % (n) 66.1 (37) 58.8 (30)

Wheezing, % (n) 39.3 (22) 29.4 (15)

Chest pain, % (n) 51.8 (29) 56.9 (29)

Auscultation abnormalities, % (n) 44.6 (25) 41.2 (21)

Fever, % (n) 48.2 (27) 49.0 (25)

Perspiring, % (n) 51.8 (29) 41.2 (21)

Headache, % (n) 32.1 (18) 43.1 (22)

Myalgia, % (n) 46.4 (26) 49.0 (25)

Generally feeling unwell, % (n) 75.0 (42) 78.4 (40)

Duration of symptoms, mean (SD), d 8.07 (5.12) 8.82 (6.16)

Duration of symptoms, median (IQR), d 7 (5-14) 7 (4-14)

VAS illness severity score by physician, mean (mm, SD)b 46.16 (22.92) 42.07 (23.07)

Rhinosinusitis n = 73 n = 78

History of rhinorrhea, % (n) 71.2 (52) 76.9 (60)

Purulent rhinorrhea, % (n) 52.1 (38) 56.4 (44)
Blocked nose, % (n) 78.1 (57) 75.6 (59)

Unilateral facial pain, % (n) 53.4 (39) 56.4 (44)

Headache, % (n) 69.9 (51) 76.9 (60)

Dental pain, % (n) 34.2 (25) 28.2 (22)

Pain at chewing, % (n) 19.2 (14) 10.3 (8)

Pain at bending over, % (n) 60.3 (44) 66.7 (52)

Worsening symptoms after initial improvement, % (n) 19.2 (14) 25.6 (20)

Duration of symptoms, mean (SD), d 9.28 (6.70) 10.04 (6.85)

Duration of symptoms, median (IQR), d 7 (4-14) 8 (5-14)

VAS illness severity score by physician, mean (mm, SD)b 40.61 (22.28) 40.51 (21.05)

COPD = chronic obstructive pulmonary disease; FP = family physician; IQR = interquartile range;
VAS = visual analog scale. 

a There were 106 responses from both groups for education level.
b Scored on a range from 0-100 (with 100 being most severe).
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Table 3 also shows antibiotic use per CRP category 

for the 2 groups. The effect of use of CRP to guide 

antibiotic prescribing is most evident in the category 

of CRP values below 20 mg/L, which comprises 54.9% 

(n = 140) of all patients in this trial. In this large sub-

group only 26% (n = 19) of patients used antibiotics in 

the CRP-assisted group compared with 49.3% (n = 33) 

in the control group (RR = 0.53; 95% CI, 0.30-0.85).

Those patients actually using antibiotics after the 

index consultation in the CRP-assisted group had sig-

nifi cantly higher median CRP values (34 mg/L; inter-

quartile range [IQR], 17-70) than those patients using 

antibiotics in the control group (22 mg/L; IQR, <8-48, 

P = .04).

Sensitivity Analyses
In a prespecifi ed exploratory analysis, we investigated 

whether demographic factors, case-mix, and relevant 

comorbidities affected the shown 

effect of CRP assistance on anti-

biotic prescribing. Inclusion of 

these variables in a logistic model 

as a sensitivity analysis of the pri-

mary endpoint did not alter the 

shown effect of CRP within LRTI 

and rhinosinusitis consultations. 

Moreover, to account and correct 

for variation at the level of the 

physician, we performed an addi-

tional multilevel analysis of the 

primary comparison. The effect 

of the intervention on antibiotic 

use after the index consultation 

(RR = 0.75; 95% CI, 0.54-0.97) 

and within the follow-up period 

(RR = 0.79; 95% CI, 0.60-0.99) 

remained signifi cant.

Clinical Recovery
The interventions had no dis-

cernible effect on recovery, 

resulting in comparable median 

daily symptom scores for inter-

vention and control group for 

LRTI and rhinosinusitis. Recov-

ery slopes are presented as 

median symptom scores per day 

in Figure 2. Of all patients, 22.9% 

felt fully recovered on day 7 in 

the CRP-assisted group compared 

with 24.8% in the control group 

(P = .73). Median patient reported 

time to full recovery (self-assess-

ment) was comparable across the 

groups for both conditions (Table 4). Although this 

trial was not designed to assess safety, there were no 

serious adverse events (death or hospitalization).

Additional Consultations, Satisfaction, 
and Enablement
Additional consultations, either initiated by the patient 

or the physician, occurred in about 1 of 4 patients in 

the CRP-assisted group, with slightly lower, yet nonsig-

nifi cant rates, for the control group (Table 4). Patients’ 

intention to reconsult with future similar symptoms 

was higher in the group using CRP assistance, with 

75% of patients indicating that they would return to 

their physician with similar symptoms compared with 

61% in the control group (P = .02). Overall, satisfac-

tion with the index consultation was high; however, 

satisfaction scores were higher for patients in the CRP-

assisted group within the consultation (P = .03). The 

Table 3. Effects of Intervention on Antibiotic Use After the Index 
Consultation (by CRP Category) and Within a 28-Day Follow-Up. 
Exploratory Data on Antibiotic Use Per Respiratory Tract Infection

Antibiotic Use
CRP Assistance

% (n)
Control 
% (n) RRa 95% CI

After index consultation 43.4 (56/129) 56.6 (73/129) 0.77 0.56-0.98

Rhinosinusitis 45.2 (33/73) 60.3 (47/78)

LRTI 41.1 (23/56) 51.0 (26/51)

Within 28-day follow-up 52.7 (68/129) 65.1 (84/129) 0.81 0.62-0.99

Rhinosinusitis 57.5 (42/73) 69.2 (54/78)

LRTI 46.4 (26/56) 58.8 (30/51)

By CRP category

0-20 mg/L (n = 140) 26.0 (19/73) 49.3 (33/67)

21-50 mg/L (n = 62) 56.5 (13/23) 59.0 (23/39)

51-100 mg/L (n = 37) 68.2 (15/22) 66.7 (10/15)

>100 mg/L (n = 19) 81.8 (9/11) 87.5 (7/8)

CI = confi dence interval; CRP = C-reactive protein; LRTI = lower respiratory tract infection; RR = relative risk.

Note: Statistical testing was not performed on the exploratory data on antibiotic use per respiratory tract infec-
tions, as this trial was designed to detect differences between the total group of patients per group.

a Relative risks corrected for clustering.

Table 2. Mean and Median C-Reactive Protein Values at Index 
Consultation and Number of Patients Within CRP Categories 

CRP Measure
All Patients 

n = 258
CRP Assistance

n = 129
Control 
n = 129

P 
Valuea

Mean (SD), mg/L 34.17 (37.33) 34.89 (38.41) 33.46 (36.36)

Median (IQR), mg/L 18 (<8-46) 17 (<8-52) 19 (<8-42) .88

Minimum-maximum, mg/L <8 - >160 <8 - >160 <8 - >160

0-20 mg/L, % (n) 54.3 (140) 56.6 (73) 51.9 (67)

21-50 mg/L, % (n) 24.0 (62) 17.8 (23) 30.2 (39)

51-100 mg/L, % (n) 14.3 (37) 17.1 (22) 11.6 (15)

>100 mg/L, % (n) 7.4 (19) 8.5 (11) 6.2 (8)

CRP = C-reactive protein; IQR = interquartile range.

a Difference between CRP vs control calculated using Mann-Whitney U for nonparametric testing.
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Patient Enablement Index was 

similar for all groups (Table 4).

DISCUSSION
The introduction of CRP testing 

to assist antibiotic prescribing 

decisions in LRTI and rhino-

sinusitis consultations resulted 

in a reduction of antibiotic use 

directly after the index consulta-

tion and during 28-day follow-up 

without compromising recovery. 

Delayed prescriptions given to 

patients based on CRP assistance 

resulted in an absolute 50% lower 

fi ll rate compared with delayed 

prescription in the control group. 

Patient satisfaction with care was 

higher when CRP was used dur-

ing the consultation.

Strengths and Limitations
The number of patients assessed 

for eligibility but not recruited 

Table 4. Effects of Interventions on Patient-Reported Recovery and 
Secondary Outcomes (Assessed After the Index Consultation)

Outcomes
CRP 

Assistance Control
P 

Valuea

Lower respiratory tract infection

Patients feeling recovered on day 7, % (n/n)

Patient reported time to full recovery

Median (IQR)

Mean (SD)

23.5 (12/51)

15.5 (9.5-28)

17.5 (9.2)

18.4 (9/49)

20 (13.3- >28)

19.8 (9.5)

.53

.21

Rhinosinusitis

Patients feeling recovered on day 7, % (n/n)

Patient reported time to full recovery, h

Median (IQR)

Mean (SD)

22.4 (15/67)

14 (10-28)

17.3 (9.3)

28.9 (22/76)

14 (7- >28)

16.6 (9.9)

.37

.77

All patients (n = 258)

Reconsult, % (n/n) 25.6 (33/129) 17.8 (23/129) .13

Satisfaction: patient at least very satisfi ed, 
% (n/n) 

76.3 (90/118) 63.2 (79/125) .03

Future consultation intention: patient likely 
to reconsult, % (n/n) 

74.8 (86/115) 61.0 (75/123) .02

Patient enablement scoreb 

Median (IQR)

Mean (SD)

2 (4)

2.5 (2.6)

2 (4)

2.3 (2.4)

.58

IQR = interquartile range. 

a Calculated using χ2 and Mann-Whitney U where applicable.
b Maximum score = 12.

Figure 2. Median symptom scores per group during fi rst week after index consultation. 

CRP = C-reactive protein; LTRI = lower respiratory tract infection.

Symptom scores for LRTI were calculated by summing and deriving percentage total scores for 6 symptoms: cough, phlegm, sleeping problems, dyspnea, degree of ill-
ness, and limitations in daily activities. Symptom scores for rhinosinusitis were calculated by summing and deriving percentage total scores for 7 symptoms: rhinorrhea, 
blocked nose, dental pain, headache, pain at bending over, degree of illness, and limitations in daily activities.

Median symptom scores of intervention and control groups were not signifi cantly different at any day in week 1, nor when analyzed using area under the curve.
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may have been higher than actually recorded by the 

family physicians, which is commonly seen in prac-

tice-based primary care studies. Yet, we are confi dent 

that this did not infl uence the results and generaliz-

ability of our fi ndings. Unlike the previous CRP clus-

ter randomized trial we performed,17 risk of recruit-

ment bias was lower in this trial, because patients 

were individually randomized with balanced baseline 

characteristics. Also, if we compare baseline CRP val-

ues and signs and symptoms, we fi nd rates comparable 

to those recorded in previous LRTI and rhinosinusitis 

studies in family practice.17,18

We believe our inclusion criteria, drawn from 

prior studies in family practice settings, assembled a 

representative sample of adult patients with LRTI and 

rhinosinusitis. We included both these respiratory tract 

infections to increase our sample size and because 

they have the highest prescribing rates despite little 

evidence of benefi t for most patients. As a result, how-

ever, our trial was not powered to detect differences 

in subgroups of the 2 separate conditions. Larger trials 

assessing the chosen approach may be warranted, also 

to provide more insight into the group using delayed 

prescriptions. This group of patients was relatively 

small in the present study.

We did not blind clinicians to treatment group 

because the physicians needed to know patients’ CRP 

results to decide on appropriate clinical management. 

In contrast, strong allocation concealment was crucial 

to prevent tampering with the randomization. Another 

major strength of the study was the very high rate of 

patient follow-up and outcome assessment. It is increas-

ingly recognized that clustering should be taken into 

account in individual RCTs.35 We performed a multi-

level analysis as a sensitivity analysis, which accounted 

for variation at the level of the physician. The effect 

size remained signifi cant, further strengthening the 

reliability of the shown effect on antibiotic use.

Comparison With Other Studies—Delayed 
Prescribing
Although our intervention was primarily aimed at 

assisting clinicians in antibiotic prescribing, the role 

of the patient in the outcome is crucial. A systematic 

review of 5 controlled trials investigating delayed 

prescribing for various respiratory tract infections 

showed a consistent reduction in antibiotic usage, with 

fi ll rates of delayed prescription ranging from 24% to 

65%.4 In our study, only a minority of patients in the 

CRP-assisted group actually used their delayed pre-

scription (23%), whereas in the control group 73% of 

those receiving a delayed prescription returned to fi ll 

it. In the end, delayed prescriptions led to signifi cantly 

less antibiotic use in the CRP-assisted group, both 

after index consultation and during 28-day follow-up. 

We have incomplete data on the stated reasons for 

all patients fi lling delayed prescriptions, but of those 

patients with data, none indicated that their illness had 

deteriorated. This fi nding gives rise to the assump-

tion that nonmedical reasons may be the driving force 

behind fi lling delayed prescriptions. We know that 

patients may pressure their physicians for unneces-

sary antibiotics either by asking directly or indirectly 

by the way they present their complaint.12,36,37 In 

our study, CRP testing and communicating the test 

results and its implications with the patient may have 

addressed patients’ concerns and may have provided 

reassurance to a certain extent, resulting in fewer fi lled 

delayed prescriptions. Earlier research indicates that 

93% of patients having received a delayed prescription 

for upper respiratory tract infection would choose to 

receive one again.38

Comparison With Other Studies—C-Reactive 
Protein Point-of-Care Testing
A recent study comparing CRP with a clinical algo-

rithm in the emergency department setting did not 

fi nd an effect on antibiotic use for acute cough ill-

ness.39 This study was not performed in family prac-

tice, however. The authors suspect the Hawthorne 

effect of physicians changing prescribing behavior 

during trial monitoring, as the prescribing rate in con-

trol group was signifi cantly lower than rates in periods 

before the trial. Also, chest radiographs were ordered 

in one-half the patients, whereas in Dutch family prac-

tice these radiographs are hardly used before the pre-

scribing decision.

A CRP test result adds incremental information to 

the physicians’ information obtained from medical his-

tory and physical examination. The relation of CRP 

with an infi ltrate on chest radiography as a reference 

standard showed an area under the receiver operating 

characteristic (ROC) curve of 0.80, even 0.85 for high-

quality diagnostic studies in family practice.16 The 

addition of CRP to a model based on signs and symp-

toms increased the area under the ROC curve from 

0.70 to 0.90.15 In particular, a low CRP test result (less 

than 20 mg/L), which was the case in more than 50% 

of our patients, may be helpful in excluding antibiotic 

necessitating illness.

Practice Implications and Future Research
The interventions studied in this trial are additional 

tools to facilitate and support the respiratory tract 

infection consultation. Further work can evaluate 

whether it makes sense to confi ne the CRP strategy to 

cases of clinician doubt or strong patient demand. A 

delayed prescription, with an explanation on the natural 
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course and indications when to use the antibiotic, may 

be a valuable tool for both physicians and patients that 

have intermediate CRP levels and associated clinical 

features. We have limited information on patients’ views 

on delayed prescribing in our country, although in a 

nationwide public survey, we found that 40% of people 

would fi nd it an acceptable strategy.40 Two commonly 

mentioned disadvantages of delayed prescribing are 

(1) the possibility of giving mixed messages about the 

purpose and benefi ts of antibiotics, and (2) considerable 

inconsistency and contradictory practices regarding 

its use. The former could be restricted by giving clear 

information on when to use it and when to reconsult. 

In this trial delayed prescriptions were handed out 

together with a short information sheet. Concerning 

the latter, CRP assistance may guide prescribing by 

identifying those patients who will probably get better 

without treatment but may need a safety net for the 

next few days in case of increasing illness severity.

Other biomarkers, such as procalcitonin, have 

been suggested.41 That procalcitonin is not available 

as a point-of-care test and that costs for measuring 

it are considerable make it undesirable for high-inci-

dence common infections in family practice with low 

costs-per-illness episode.42 CRP by contrast, is an 

offi ce-based test with acceptable accuracy and costs 

(approximately $3 to $5 per point-of-care test) that is 

available to be integrated into the ambulatory manage-

ment of respiratory infections.

CRP point-of-care testing to assist prescribing 

decisions—including delayed prescribing—for LRTI 

and rhinosinusitis may be a useful strategy to decrease 

antibiotic use and increase patient satisfaction without 

comprising patient recovery, hence supporting antimi-

crobial stewardship.

To read or post commentaries in response to this article, see it 
online at http://www.annfammed.org/cgi/content/full/8/2/124.
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