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A B S T R A C T

Background

Acute respiratory infections (ARIs) are by far the most common reason for prescribing an antibiotic in primary care, even though the
majority of ARIs are of viral or non-severe bacterial aetiology. It follows that in many cases antibiotic use will not be beneficial to a patient's
recovery but may expose them to potential side eHects. Furthermore, limiting unnecessary antibiotic use is a key factor in controlling
antibiotic resistance. One strategy to reduce antibiotic use in primary care is point-of-care biomarkers. A point-of-care biomarker (test) of
inflammation identifies part of the acute phase response to tissue injury regardless of the aetiology (infection, trauma, or inflammation)
and may be used as a surrogate marker of infection, potentially assisting the physician in the clinical decision whether to use an antibiotic
to treat ARIs. Biomarkers may guide antibiotic prescription by ruling out a serious bacterial infection and help identify patients in whom
no benefit from antibiotic treatment can be anticipated. This is an update of a Cochrane Review first published in 2014.

Objectives

To assess the benefits and harms of point-of-care biomarker tests of inflammation to guide antibiotic treatment in people presenting with
symptoms of acute respiratory infections in primary care settings regardless of patient age.

Search methods

We searched CENTRAL (2022, Issue 6), MEDLINE (1946 to 14 June 2022), Embase (1974 to 14 June 2022), CINAHL (1981 to 14 June 2022),
Web of Science (1955 to 14 June 2022), and LILACS (1982 to 14 June 2022). We also searched three trial registries (10 December 2021) for
completed and ongoing trials.

Selection criteria

We included randomised controlled trials (RCTs) in primary care patients with ARIs that compared the use of point-of-care biomarkers with
standard care. We included trials that randomised individual participants, as well as trials that randomised clusters of patients (cluster-
RCTs).
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Data collection and analysis

Two review authors independently extracted data on the following primary outcomes: number of participants given an antibiotic
prescription at index consultation and within 28 days follow-up; participant recovery within seven days follow-up; and total mortality
within 28 days follow-up. We assessed risk of bias using the Cochrane risk of bias tool and the certainty of the evidence using GRADE. We
used random-eHects meta-analyses when feasible. We further analysed results with considerable heterogeneity in prespecified subgroups
of individual and cluster-RCTs.

Main results

We included seven new trials in this update, for a total of 13 included trials. Twelve trials (10,218 participants in total, 2335 of which were
children) evaluated a C-reactive protein point-of-care test, and one trial (317 adult participants) evaluated a procalcitonin point-of-care
test. The studies were conducted in Europe, Russia, and Asia. Overall, the included trials had a low or unclear risk of bias. However all
studies were open-labelled, thereby introducing high risk of bias due to lack of blinding.

The use of C-reactive protein point-of-care tests to guide antibiotic prescription likely reduces the number of participants given an antibiotic
prescription, from 516 prescriptions of antibiotics per 1000 participants in the control group to 397 prescriptions of antibiotics per 1000
participants in the intervention group (risk ratio (RR) 0.77, 95% confidence interval (CI) 0.69 to 0.86; 12 trials, 10,218 participants; I2 = 79%;
moderate-certainty evidence).

Overall, use of C-reactive protein tests also reduce the number of participants given an antibiotic prescription within 28 days follow-up
(664 prescriptions of antibiotics per 1000 participants in the control group versus 538 prescriptions of antibiotics per 1000 participants in
the intervention group) (RR 0.81, 95% CI 0.76 to 0.86; 7 trials, 5091 participants; I2 = 29; high-certainty evidence).

The prescription of antibiotics as guided by C-reactive protein tests likely does not reduce the number of participants recovered, within
seven or 28 days follow-up (567 participants recovered within seven days follow-up per 1000 participants in the control group versus 584
participants recovered within seven days follow-up per 1000 participants in the intervention group) (recovery within seven days follow-
up: RR 1.03, 95% CI 0.96 to 1.12; I2 = 0%; moderate-certainty evidence) (recovery within 28 days follow-up: RR 1.02, 95% CI 0.79 to 1.32; I2
= 0%; moderate-certainty evidence). The use of C-reactive protein tests may not increase total mortality within 28 days follow-up, from 1
death per 1000 participants in the control group to 0 deaths per 1000 participants in the intervention group (RR 0.53, 95% CI 0.10 to 2.92;
I2 = 0%; low-certainty evidence).

We are uncertain as to whether procalcitonin aHects any of the primary or secondary outcomes because there were few participants,
thereby limiting the certainty of evidence.

We assessed the certainty of the evidence as moderate to high according to GRADE for the primary outcomes for C-reactive protein test,
except for mortality, as there were very few deaths, thereby limiting the certainty of the evidence.

Authors' conclusions

The use of C-reactive protein point-of-care tests as an adjunct to standard care likely reduces the number of participants given an antibiotic
prescription in primary care patients who present with symptoms of acute respiratory infection. The use of C-reactive protein point-of-
care tests likely does not aHect recovery rates. It is unlikely that further research will substantially change our conclusion regarding the
reduction in number of participants given an antibiotic prescription, although the size of the estimated eHect may change.

The use of C-reactive protein point-of-care tests may not increase mortality within 28 days follow-up, but there were very few events.
Studies that recorded deaths and hospital admissions were performed in children from low- and middle-income countries and older adults
with comorbidities.

Future studies should focus on children, immunocompromised individuals, and people aged 80 years and above with comorbidities. More
studies evaluating procalcitonin and potential new biomarkers as point-of-care tests used in primary care to guide antibiotic prescription
are needed.

Furthermore, studies are needed to validate C-reactive protein decision algorithms, with a specific focus on potential age group diHerences.

P L A I N   L A N G U A G E   S U M M A R Y

Can tests for inflammation help doctors decide whether to use antibiotics for airway infections?

Key messages

1. When a patient presents with symptoms of an airway infection at the doctor's oHice, the doctor's use of C-reactive protein point-of-care
tests during the visit probably reduces the number of patients given an antibiotic prescription, without aHecting patient recovery.

2. We do not know if procalcitonin point-of-care tests have an eHect on antibiotic use or patient recovery.
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3. Future studies should focus on children, people with diseases of the immune system, and people aged 80 years and above with
comorbidities (additional medical conditions). Studies evaluating procalcitonin and new biomarkers to guide antibiotic prescription are
recommended.

What are point-of-care tests?

Point-of-care tests need only a few drops of blood and are taken during a consultation, providing results within 3 to 20 minutes. This means
that blood samples do not need to be transported to a laboratory, and results can be used immediately to make treatment choices during
a visit to the doctor. There are point-of-care tests that can detect diHerent substances in the blood that your body produces in response
to inflammation. These substances are called biomarkers.

What is inflammation and biomarkers?

Inflammation is a reaction in response to injury such as bacterial or viral infections. Your body naturally produces substances in response
to inflammation that can be detected in the blood, which are known as biomarkers. Point-of-care tests that detect biomarkers are oPen
used when patients have signs of an airway infection. Test results can inform doctors when not to suspect a serious bacterial infection that
needs antibiotic treatment to prevent serious illness and possibly death. There are currently three types of biomarkers available as point-
of-care tests: C-reactive protein, procalcitonin, and leucocytes.

What are antibiotics?

Antibiotics are medications used to treat bacterial infections, and they are commonly used for airway infections. However, most airway
infections are caused by viruses, such as the common cold, against which antibiotics do not work, and can cause harm. Overuse can lead
to antibiotic resistance, which means that antibiotics lose their eHectiveness and may no longer be eHective against serious infections. 

Why do we need to investigate whether tests help doctors to decide on antibiotics?

No test can provide absolute certainty regarding when to use antibiotics, but correctly used biomarkers could help doctors make the
right decision about when to prescribe antibiotics. We investigated if biomarkers as point-of-care tests help doctors reduce antibiotic
prescriptions.

What did we want to find out?

We wanted to know whether biomarkers as a point-of-care test used by primary care doctors can help decide whether to use antibiotics
in people with airway infections.

We were interested in the eHect of biomarker guidance on the number of prescriptions of antibiotics, patient recovery, hospital admissions,
and risk of death.

What did we do?

We searched for studies that investigated whether biomarkers used as point-of-care tests in primary care can be safely used to guide a
doctor's decision whether to prescribe antibiotics.

We compared and summarised results of the studies, and rated our confidence of the evidence.

What did we find?

We found 13 studies with a total of 10,535 participants who had symptoms of airway infections and who saw a doctor in a primary care
setting for possible treatment.

Twelve studies investigated tests for the biomarker C-reactive protein, and one study investigated a test for the biomarker procalcitonin.

Use of tests for C-reactive protein probably reduces the number of patients given an antibiotic prescription, but diHerences in study design
and where the studies took place meant that the precise eHect is uncertain. Using these tests probably does not aHect the number of
patients that recover, and may not reduce the number of patients that feel satisfied with their treatment. C-reactive protein tests may not
lead to an increase in deaths. This means the tests are probably safe when used to guide the prescription of antibiotics.

We do not know if procalcitonin tests have an eHect on prescriptions of antibiotics, recovery, hospital admissions, or risk of death.

What are the limitations of the evidence?

We are moderately confident in the evidence for a reduction in antibiotics use with C-reactive protein tests. However, we are not confident
in the evidence for a reduction in antibiotics use with procalcitonin, as we only found one study investigating the eHect of procalcitonin
in primary care.

Biomarkers as point-of-care tests to guide prescription of antibiotics in people with acute respiratory infections in primary care (Review)
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New studies are unlikely to change our conclusion regarding the eHect of the use of C-reactive protein on prescribing antibiotics, but more
studies are needed to assess the potential for the procalcitonin point-of-care test.

How up-to-date is this evidence?

The evidence is current to June 2022.
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S U M M A R Y   O F   F I N D I N G S

 

Summary of findings 1.   Point-of-care biomarkers (C-reactive protein) for infection compared with standard of care for guiding antibiotic therapy in
acute respiratory infections

Point-of-care biomarker for infection compared with standard of care for guiding antibiotic therapy in acute respiratory infections

Patient or population: people with acute respiratory infections

Settings: primary care

Intervention: point-of-care biomarker (C-reactive protein) test

Comparison: standard care

Illustrative comparative risks* (95%
CI)

Assumed risk Corresponding
risk

Outcomes

Standard care C-reactive protein

Effect
(95% CI)

No. of partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

Comments

Number of participants given
an antibiotic prescription 

at index consultation

 

516 per 1000 397 per 1000

(356 to 444)

RR 0.77

(0.69 to 0.86)

10218 

(12 RCTs)

⊕⊕⊕⊝

Moderatea

 

 

 

 

Number of participants given
an antibiotic prescription 

within 28 days follow-up

 

664 per 1000 538 per 1000 

(505 to 571)

RR 0.81

(0.76 to 0.86)

5091 

(7 RCTs)

⊕⊕⊕⊕
High

 

 

Clinical recovery

within 7 days follow-up

567 per 1000 584 per 1000

(545 to 636)

RR 1.03

(0.96 to 1.12)

3104

(4 RCTs)

⊕⊕⊕⊝

Moderateb

Defined as number of participants
at least substantially improved at 7
days follow-up 

Mortality 

within 28 days follow-up

1 per 1000 0 per 1000 

(0 to 2)

RR 0.53 (0.10 to
2.92)

7737

(9 RCTs)

⊕⊕⊝⊝

Lowc

3 studies reported 5 events. 6 stud-
ies had no events. 3 studies did not
report on death.
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Number of participants in need
of a hospital admission 

within 28 days follow-up

14 per 1000 15 per 1000

(10 to 22)

RR 1.05

(0.72 to 1.53)

7514 

(10 RCTs)

⊕⊕⊕⊝

Moderated

6 studies reported 105 events. 4
studies had no events. 2 studies
did not report on hospital admis-
sion.

Clinical recovery

within 28 days follow-up

897 per 1000 915 per 1000

(724 to 1000)

RR 1.02

(0.79 to 1.32)

2324 

(5 RCTs)

⊕⊕⊕⊝

Moderateb

 

Defined as number of participants
at least substantially improved at
28 days of follow-up 

*The assumed risk was calculated as the median control group risk across studies. The corresponding risk (and its 95% confidence interval) is based on the assumed risk
in the comparison group and the relative effect of the intervention (and its 95% CI).

CI: confidence interval; RCT: randomised controlled trial; RR: risk ratio

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.
Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect

aWe downgraded one level due to substantial heterogeneity.
bWe downgraded one level due to risk of bias (lack of blinding).
cWe downgraded two levels due to substantial imprecision.
dWe downgraded one level due to imprecision.
 
 

Summary of findings 2.   Point-of-care biomarkers (procalcitonin) for infection compared with standard of care for guiding antibiotic therapy in acute
respiratory infections

Point-of-care biomarker for infection compared with standard of care for guiding antibiotic therapy in acute respiratory infections

Patient or population: people with acute respiratory infections

Settings: primary care

Intervention: point-of-care biomarker (procalcitonin) test

Comparison: standard care

Outcomes Illustrative comparative risks* (95%
CI)

Effect
(95% CI)

No. of partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

Comments
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Assumed risk Corresponding
risk

Standard care Procalcitonin

Number of participants given an antibiot-
ic prescription 

at index consultation

 

566 per 1000 181 per 1000

(130 to 249)

RR 0.32

(0.23 to 0.44)

317 

(1 RCT)

⊕⊝⊝⊝

Very lowa

 

Number of participants given an antibiot-
ic prescription 

within 28 days follow-up

 

70 per 1000 74 per 1000

(31 to 174)

RR 1.05

(0.44 to 2.48)

277

(1 RCT)

⊕⊝⊝⊝

Very lowa

 

Clinical recovery

within 7 days follow-up

395 per 1000 486 per 1000

(367 to 639)

RR 1.23

(0.93 to 1.62)

277

(1 RCT)

⊕⊝⊝⊝

Very lowa

 

Mortality 

within 28 days follow-up

- - - 277

(1 RCT)

- Not estimable due to
few participants and
events. No events of
death occurred in either
intervention or control
group.

Number of participants in need of a hos-
pital admission 

within 28 days follow-up

35 per 1000 49 per 1000

(9 to 264 more)

RR 1.40

(0.26 to 7.51)

277

(1 RCT)

⊕⊝⊝⊝

Very lowa

 

Clinical recovery

within 28 days follow-up

- - - - - Not estimable, as this
outcome was not as-
sessed in the included
study

*The assumed risk was calculated as the median control group risk across studies. The corresponding risk (and its 95% confidence interval) is based on the assumed risk
in the comparison group and the relative effect of the intervention (and its 95% CI).

CI: confidence interval; RCT: randomised controlled trial; RR: risk ratio

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
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Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.
Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect

aWe downgraded one level for study limitations (cluster-randomised trial), one level for indirectness (study only included adults), and two levels for substantial imprecision (small
sample size compared to the optimal information size).
 

C
o

ch
ra

n
e

L
ib

ra
ry

T
ru

ste
d

 e
v

id
e

n
ce

.
In

fo
rm

e
d

 d
e

cisio
n

s.
B

e
tte

r h
e

a
lth

.

  

C
o

ch
ra

n
e D

a
ta

b
a

se o
f S

ystem
a

tic R
e

vie
w

s



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

B A C K G R O U N D

Description of the condition

Since the discovery of the antibacterial eHects of penicillins
and other antibiotics, they have been one of the most
important treatments in modern medicine. EHective antibacterial
agents cure bacterial infections, such as pneumonia, and
are also essential to ensure that surgery, chemotherapy, and
neonatology can be safely delivered.  However, antibiotic use
can cause antibiotic resistance (Goossens 2005), which leads to
ineHective treatments, increased risk of serious complications
such as bacterial infections and death, and increased healthcare
costs  (Carlet 2011; Smith 2013). Combatting antibiotic resistance
is therefore a public health priority (WHO 2016). Reducing
unneeded antibiotic treatments through evidence-based antibiotic
stewardship programmes is essential to preserve the future
eHectiveness of antibiotics. However, treating acute respiratory
infections (ARIs) with antibiotics is common in primary care
settings, despite their predominant self-limiting nature, and
frequent viral origins (Harnden 2007; Pavia 2011; Smieszek 2018),
and that antibiotic treatment has been shown to be of marginal
benefit in uncomplicated cases  (Butler 2009; Butler 2011; Little
2013b; Little 2021; Meropol 2013; Venekamp 2015). Limiting
unnecessary antibiotic prescriptions in primary care settings is
pivotal to reducing bacterial resistance to antibiotics at both the
societal,  Bronzwaer 2002; Gonzales 2001; Sande-Bruinsma 2008,
and individual levels (Costelloe 2010), as well as reducing their
harmful side eHects and drug interactions. A reduction in antibiotic
prescriptions in primary care settings will have a large impact
on the total use of antibiotics, as the vast majority of antibiotic
prescriptions are issued there  (Aabenhus 2016; Public Health
England 2021). Nevertheless, patient safety must be carefully
assessed to minimise the risk of undertreatment of serious
bacterial infections.

Interventions to reduce antibiotic use in primary care other than
point-of-care tests have been studied  (Tonkin-Crine 2017), and
educational interventions  (Arnold 2009), including the use of
multifaceted approaches and communication skills training, have
been shown to be eHective  (Butler 2012; Gjelstad 2013). Letters,
with recommendations on how to reduce antibiotic prescription,
addressed to primary care physicians with high levels of antibiotic
use, have shown an eHect on antibiotic prescribing rates (Schwartz
2021). Also, a policy of delayed antibiotic prescription can reduce
antibiotic use (Spurling 2017).

The decision whether to prescribe antibiotics for an ARI in primary
care settings is challenging. Patients oPen expect an antibiotic
prescription to enhance recovery (Boiko 2020). Besides patient's
expectations, diagnostic uncertainty is oPen present with patients
presenting with symptoms of an ARI (Stanton 2010; Wang 2021).
Diagnosing solely based on clinical symptoms is known to have
both low sensitivity and specificity (Hoare 2006; Metlay 1997),
and high interobserver variability (Wipf 1999), and may not
reliably diHerentiate between viral and bacterial aetiologies. In
accordance with this, there is evidence of substantial between-
practitioner,  Aabenhus 2017; Stocks 2002, and geographical
variation in antibiotic prescribing patterns,  Curtis 2019; Matthys
2007, related to socioeconomic and cultural diHerences between
communities.

Description of the intervention

Biomarkers of inflammation, such as white blood cell levels,
procalcitonin, and C-reactive protein, form part of the acute
immune response and are activated by endogenous and exogenous
stimuli following tissue injury due to infectious conditions such as
bacteria and viruses, as well as non-infectious conditions such as
connective tissue diseases and trauma. Circulating levels are low
in healthy people, but when stimulated synthesis and recruitment
is rapid (less than 20 hours). Levels remain high as long as
the inflammation and tissue damage persists, and then decline
rapidly (Becker 2004; Volanakis 2001). Biomarkers of inflammation
act as surrogate measures of the immune response to infection
and may reflect the severity of the condition (i.e. degree of tissue
damage and immune activation) (Aabenhus 2011; Kruger 2009;
Schuetz 2017), but cannot determine aetiology (bacterial versus
viral) or predict an infiltrate on chest X-rays  (Holm 2007; van der
Meer 2005). No test is able to provide perfect diagnostic accuracy,
and false-negative as well as false-positive results may occur,
leading to possible over- or undertreatment of bacterial ARIs.
However, in the correct clinical context biomarkers may guide
antibiotic prescription in selected cases by ruling out a serious
bacterial infection and help identify patients in whom no benefit
from antibiotic treatment can be anticipated (Melbye 2011; Schuetz
2017). A point-of-care test exists for some of these biomarkers to be
performed at, or near, the site of patient care, delivering quick test
results that can influence clinical decisions (Table 1).

The decision to prescribe antibiotics for an ARI is guided by
prespecified cut-oH values specific to the individual point-of-care
test, but the test cannot replace clinical skills and expertise, and test
results may be overruled on clinical grounds.

How the intervention might work

Following a regular clinical examination that suggests symptoms
are indeed compatible with an ARI, a point-of-care biomarker
may assist the clinician in assessing the likelihood of a serious
bacterial infection versus a less severe bacterial or viral infection,
thus identifying those patients most likely to benefit from
antibiotics (Aabenhus 2011; Hopstaken 2003; Melbye 2011; Schuetz
2017). If aPer the clinical examination the clinician is confident in
the decision to initiate or withhold antibiotic treatment, there is no
need for a point-of-care test. Possible detrimental eHects of point-
of-care biomarkers include suboptimal use of time, costs, handling
errors, patient dissatisfaction, and false-negative results that can
lead to lack of necessary antibiotic treatments, or false-positive
values that may increase inappropriate antibiotic use. Studies
indicate that the use of point-of-care tests during consultations
is acceptable to both physicians and patients (Butler 2008; Wood
2011).

Why it is important to do this review

Avoiding both over- and undertreatment with antibiotics in primary
care settings is important to limit antibiotic resistance and exposure
of patients to unnecessary risks. So far, the evidence of the eHect
of using point-of-care biomarkers to guide antibiotic prescribing
in primary care has mainly been from adults and is of moderate
certainty  (Aabenhus 2014a; Martínez-González 2020). Evidence
regarding children and patients who are older or with comorbidities
is lacking (Cals 2018).

Biomarkers as point-of-care tests to guide prescription of antibiotics in people with acute respiratory infections in primary care (Review)
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We included studies of all available point-of-care biomarkers of
infection used for ARIs. Updates of this review will therefore include
studies of additional point-of-care tests as they become available.

O B J E C T I V E S

To assess the benefits and harms of point-of-care biomarker tests
of inflammation to guide antibiotic treatment in people presenting
with symptoms of acute respiratory infections in primary care
settings regardless of patient age.

M E T H O D S

Criteria for considering studies for this review

Types of studies

Randomised clinical trials (RCTs) and cluster-RCTs.

Types of participants

Primary care patients of all ages with symptoms or a diagnosis
of an ARI at study entry. We defined symptoms of ARI as cough,
discoloured/increased sputum, fever, runny nose, respiratory
distress, feeling unwell, or combinations of focal and systemic
symptoms having a duration of less than four weeks. Diagnoses
included lower or upper respiratory tract infection, pneumonia,
bronchitis, acute exacerbations of chronic obstructive pulmonary
disease or asthma, pharyngitis, tonsillitis, laryngitis, rhinosinusitis,
common cold, acute otitis media, or influenza.

Types of interventions

Point-of-care biomarkers of infection to guide antibiotic treatment
for ARI in primary care settings. We only included studies of
biomarker point-of-care tests for infections available for general
use. We did not include specific diagnostic tests like the Strep
A test or Monospot in this review. We considered the following
biomarkers: C-reactive protein, procalcitonin, and white blood cell
count. The comparator was standard care.

Types of outcome measures

Primary outcomes

1. Number of participants given an antibiotic prescription at the
index consultation and within 28 days follow-up.

2. Number of participants with substantial improvement
(including full recovery) within seven days follow-up.

3. Total mortality within 28 days follow-up.

Secondary outcomes

1. Number of participants in need of a reconsultation within 28
days follow-up.

2. Number of participants in need of a hospital admission within
28 days follow-up.

3. Duration of the ARI (e.g. mean or median days with restrictions
in daily activities due to the infection).

4. Number of satisfied participants.

5. Number of participants with substantial improvement
(including full recovery) within 28 days follow-up.

As the follow-up period for specific outcomes may vary between
studies, we categorised follow-up periods as:

1. 0 to 7 days: within 7 days follow-up.

2. 8 to 28 days: within 28 days follow-up.

Search methods for identification of studies

Electronic searches

We searched the Cochrane Central Register of Controlled Trials
(CENTRAL) on 14 June 2022 (2022, Issue 6), MEDLINE (1946 to 14
June 2022), Embase (1974 to 14 June 2022), CINAHL (Cumulative
Index to Nursing and Allied Health Literature) (1981 to 14 June
2022), Web of Science (1955 to 15 June 2022), and LILACS (Latin
American and Caribbean Health Science Information database)
(1982 to 14 June 2022).

The search strategy used for CENTRAL and MEDLINE is described
in Appendix 1. We combined the MEDLINE search with the Cochrane
Highly Sensitive Search Strategy for identifying randomised trials
in MEDLINE: sensitivity- and precision-maximising version (2008
revision);  Ovid format (Lefebvre 2021).  We adapted the search
strategy to search Embase (Appendix 2), CINAHL (Appendix 3), Web
of Science (Appendix 4), and LILACS (Appendix 5). We applied no
language or publication type restrictions.

Searching other resources

Trials

We searched the trial registries of the US National
Institutes of Health Ongoing Trials Register ClinicalTrials.gov
(www.clinicaltrials.gov), the EU Clinical Trials Register
(www.clinicaltrialsregister.eu/), and the World Health Organization
International Clinical Trials Registry Platform (WHO ICTRP)
(www.who.int/ictrp) on 10 December 2021 for completed and
ongoing trials.

Correspondence

We contacted experts in the field to identify eligible published,
non-published, or ongoing studies. We also contacted companies
that manufacture point-of-care biomarker tests (Thermo-Fisher,
HoHmann-LaRoche, Orion Diagnostica, Axis-Shield, Hemocue, and
Siemens Diagnostica).

Reference lists

We checked the reference lists of included studies.

Data collection and analysis

Selection of studies

Two review authors (SAS and CL) independently assessed the
titles and abstracts identified by the searches. We collected and
assessed the full-text copies of potentially eligible articles. Any
disagreements were resolved through discussion involving the
remaining review authors, when necessary.

Data extraction and management

Two review authors (SAS, CL) independently extracted data and
information on study design from the included trials and entered
the information onto a data extraction form. We contacted the
trial authors for missing outcome data or trial characteristics as
necessary. We extracted the following data.

Biomarkers as point-of-care tests to guide prescription of antibiotics in people with acute respiratory infections in primary care (Review)
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1. Trial characteristics: geographic location; unit of randomisation;
allocation sequence generation; concealment of allocation;
blinding; number of participants; number of intervention arms;
length of follow-up.

2. Participant characteristics: baseline characteristics (mean (or
median) age; gender; comorbidities); number of participants
randomised to each intervention arm; number of participants
completing the trial; inclusion criteria; types of ARIs and
duration; exclusion criteria.

3. Intervention characteristics: type of point-of-care biomarker
and corresponding specified cut-oH values for guidance of
antibiotic prescribing, if any.

4. Outcome measures: all available primary and secondary
outcome measures specified for this review.

We converted ranking scales on recovery and patient satisfaction
to dichotomised outcomes by collapsing response categories when
needed in order to make a category of substantially recovered
versus not substantially recovered.

Assessment of risk of bias in included studies

Two review authors (SAS, CL) independently assessed risk of
bias of the included studies using the Cochrane risk of bias
tool as described in the Cochrane Handbook for Systematic
Reviews of Interventions (Higgins 2011). This included assessment
of sequence generation, allocation concealment, blinding
(participants, personnel, and outcome assessors), incomplete
outcome data and selective outcome reporting bias, as well as
other sources of bias. We searched for selective outcome reporting
by comparing the methods and results section of the study with the
trial protocol when available.

For cluster-RCTs, we specifically checked for other sources of bias
including selection bias, baseline imbalance between clusters, loss
of clusters, and incorrect analysis (Higgins 2021).

Measures of treatment e@ect

Dichotomous data

We reported the treatment eHect as a risk ratio (RR) with 95%
confidence intervals (CIs) for each dichotomised outcome. We
estimated the number needed to test (NNT) by using assumed
control risk (ACR) calculated from the control groups event rate for
C-reactive protein point-of-care tests (Higgins 2021). NNT indicates
the number of patients needed to test with a point-of-care test to
save one patient given an antibiotic prescription. When we could
not pool results, we presented them narratively. We did not carry
out NNT for procalcitonin, as only one study was included.

Continuous data

For outcomes presented in other forms (e.g. reported as medians,
quartiles, etc.) or without consistent statistical information
(e.g. standard deviations (SDs), or number of participants), we
presented them narratively and included these data in Additional
tables (Table 2; Table 3).

We converted ranking scales on recovery and patient satisfaction
to dichotomised outcomes by collapsing response categories when
needed in order to make a category of substantially recovered
versus not substantially recovered.

Unit of analysis issues

The unit of analysis was the individual participant. For cluster-RCTs,
we adjusted the unit of analysis by calculating the design eHect to
modify sample sizes using intraclass correlation coeHicient (ICC)
(Higgins 2021).

We analysed multi-arm trials by combining groups to create a single
pair-wise comparison. We included one factorial trial, and extracted
data by including all participants who had received a test compared
with all participants who did not receive a test. One trial was a three-
armed study, where one group received both a point-of-care test
and a lung ultrasound scan. We chose not to include this specific
group, as this had too much influence on the antibiotic treatment
being given.

Dealing with missing data

We contacted trial authors to obtain any missing data from the
included studies. Where possible, we extracted data to permit
an intention-to-treat (ITT) analysis. We did a worst-case scenario
sensitivity analysis considering missing outcome data as treatment
failures in the intervention group and treatment successes in the
control group, and not missing at random.

Assessment of heterogeneity

We investigated heterogeneity using the I2 statistic, employing the
following cut-oH values based on Higgins 2021:

1. 30% to 60%: moderate heterogeneity;

2. 50% to 90%: substantial heterogeneity;

3. 75% to 100%: considerable heterogeneity.

We interpreted the overlapping cut-oH values and the importance
of the observed heterogeneity based on the magnitude and
direction of eHects, and the strength of evidence for heterogeneity.

Assessment of reporting biases

We carried out a funnel plot to assess possible missing results for
our primary outcome, which was the number of patients given an
antibiotic prescription at index consultation.

Data synthesis

When possible, we calculated a weighted estimate for the selected
outcomes by means of a random-eHects meta-analysis using
Review Manager Web soPware (RevMan Web 2022).

We handled data from studies on C-reactive protein point-of-care
test separate from procalcitonin point-of-care test, as these two
types of tests are two diHerent interventions. They diHer in type of
biomarker, amount of time used for analysis (2 to 3 minutes versus
20 minutes), and therefore needed to be interpreted diHerently. We
carried out a meta-analysis on studies that evaluated C-reactive
protein as point-of-care test in primary care, but did not carry out
a meta-analysis on procalcitonin as point-of-care test, as only one
study was included.

We extracted and used ICCs for cluster-RCTs to avoid a unit of
analysis error by calculating the design eHect to modify sample
sizes.

Biomarkers as point-of-care tests to guide prescription of antibiotics in people with acute respiratory infections in primary care (Review)
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Subgroup analysis and investigation of heterogeneity

We grouped results from studies according to methodological and
clinical aspects.

Planned subgroup analysis

We planned the following subgroup analyses as predefined in the
study protocol.

1. Serious infections (e.g. pneumonia) and less serious infections
(e.g. common colds and bronchitis).

2. Children and adults.

3. Type of point-of-care test.

4. Trials with low risk of bias and high risk.

5. Cluster-RCTs and individually randomised studies.

To examine diHerences amongst subgroups, we performed a
standard test for heterogeneity across subgroups.

Considerations for subgroup analysis

Serious infections and less serious infections

There might be diHerences in eHect estimates between people with
severe and people with less severe infection.

Children and adults

There might be a biological variation between adults and children
regarding the inflammation and immune system response.

Type of point-of-care test

The diHerent types of point-of-care test (C-reactive protein versus
procalcitonin versus leucocytes) are diHerent in many aspects.
They measure diHerent biomarkers and have diHerent cut-oH
values and turnaround times (C-reactive protein takes 2 to 3
minutes, whilst procalcitonin takes up to 20 minutes). It was
therefore essential to keep the type of biomarkers separate in the
meta-analysis, but also to check for possible subgroup diHerences. 

Trials with low risk of bias and high risk of bias

Trials with high risk of bias may overestimate the true eHect
estimate.

Cluster-RCTs and individually randomised studies

Although we modified sample sizes for the cluster-RCTs by using
the ICCs to avoid unit of analysis error, we also planned to carry
out subgroup analysis on cluster-RCTs and individually randomised
studies. This is particularly of interest, as cluster-RCTs have a
tendency to overestimate the true eHect estimate.

Reasons for omitted planned subgroup analysis

Serious infections and less serious infections

Unfortunately the subgroup analysis on serious infections and less
serious infections was not possible, as no studies investigated this.
However, we did perform a subgroup analysis on similar subgroups
between upper respiratory tract infections and lower respiratory
tract infections.

Type of point-of-care test

A subgroup analysis on diHerent types of point-of-care test was not
possible, as most studies investigated C-reactive protein point-of-

care-tests, and only one study investigated procalcitonin as a point-
of-care test in the primary care setting.

Trials with low risk of bias and high risk of bias

All trials were non-blinded, thereby introducing a high risk of bias,
thus we omitted the pre-planned subgroup analysis on trials with
low risk of bias and high risk of bias.

Sensitivity analysis

Planned sensitivity analysis

A per-protocol sensitivity analysis for our primary outcomes using
a fixed-eHect model was planned but was not carried out due to
substantial heterogeneity. We carried out a worst-case sensitivity
analysis, considering missing outcome data as treatment failures
in the intervention group and treatment successes in the control
group.

Post hoc sensitivity analysis

As follow-up time on specific outcomes varied between studies, we
had to specify the follow-up time, as this was not prespecified in the
protocol or the original review. We carried out a sensitivity analysis
to investigate whether our new specified follow-up times would
aHect which studies to include from the original review and the new
search.

To assess the considerable heterogeneity and the subgroup
diHerences detected, we performed a post hoc sensitivity analysis
of the newer studies separately, as these studies used specific
guidance on antibiotic prescription if C-reactive protein levels were
< 20 mg/L.

Summary of findings and assessment of the certainty of the
evidence

We created two summary of findings tables, one for each type of
biomarker point-of-care-test: procalcitonin and C-reactive protein
(Summary of findings 1; Summary of findings 2). Both summary
of findings tables used the following outcomes: number of
participants given an antibiotic prescription at index consultation;
number of participants given an antibiotic prescription within
28 days follow-up; participant recovery within seven days
follow-up; total mortality within 28 days follow-up; number of
participants in need of a hospital admission within 28 days
follow-up; and participant recovery within 28 days follow-up.
We used the five GRADE domains (study limitations, consistency
of eHect, imprecision, indirectness, and publication bias) to
assess the certainty of the evidence as it relates to the studies
which contribute data to the meta-analyses for the prespecified
outcomes (Atkins 2004; Higgins 2021). We assessed the certainty of
the evidence for each outcome as high, moderate, low, or very low.
We used the methods and recommendations described in Section
8.5 and Chapter 12 of the  Cochrane Handbook for Systematic
Reviews of Interventions (Higgins 2021), employing GRADEpro GDT
soPware (GRADEpro GDT). We justified all decisions to down- or
upgrade the certainty of the evidence using footnotes, and made
comments to aid the reader's understanding of the review where
necessary.

Biomarkers as point-of-care tests to guide prescription of antibiotics in people with acute respiratory infections in primary care (Review)
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R E S U L T S

Description of studies

See: Characteristics of included studies, Characteristics of excluded
studies, and Characteristics of ongoing studies.

Results of the search

A PRISMA flow diagram is presented as  Figure 1. We found 13
eligible studies, with 10,535 participants recruited from primary
care settings, of which 2335 were children and 8200 were adults.
Diagnoses were predominately lower ARIs (75%) (Table 4; Table 5).
Twelve studies investigated the point-of-care biomarker C-reactive
protein (10,218 participants), and one trial investigated the point-
of-care biomarker procalcitonin (317 participants). We found no
studies comparing diHerent kinds of biomarkers.
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Figure 1.   Study flow diagram.
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Figure 1.   (Continued)

 
We identified five ongoing studies (ISRCTN01559032;
NCT03540706; NCT03855215; NCT03931577; NCT04216277). We
will incorporate data from these studies when results are available.

Included studies

The 13 included studies were conducted between 1995 and 2021 in
Europe (Boere 2021; Butler 2019; Cals 2009; Cals 2010; Diederichsen
2000; Lhopitallier 2021; Little 2013a; Little 2019; Melbye 1995;
Schot 2018), Russia (Andreeva 2013), and Asia (Althaus 2019; Do
2016). Six studies were individually randomised trials (Althaus
2019; Butler 2019; Cals 2010; Diederichsen 2000; Do 2016; Melbye
1995), and seven were cluster-RCTs (Andreeva 2013; Boere 2021;
Cals 2009; Lhopitallier 2021; Little 2013a; Little 2019; Schot
2018). Schot 2018 was originally designed as a cluster-RCT, but due
to insuHicient uptake, the study set-up was changed to include
individually randomised participants. We chose to classify and
analyse data from Schot 2018 as a cluster-RCT, as most participants
were cluster-randomised (99 children (32%) were individually
randomised, whilst 210 children were cluster randomised).

Inclusion criteria

Inclusion criteria diHered amongst studies. Diederichsen 2000, and
to a lesser extent Melbye 1995 and Boere 2021, used broad inclusion
criteria, whilst Andreeva 2013, Cals 2009, Cals 2010, Do 2016, Little
2013a,  and  Little 2019  used more narrow diagnostic criteria for
lower or upper ARIs, or both.  Althaus 2019  included participants
with fever in general, but provided detailed information on ARIs. 

Population 

Participants diHered amongst studies.  Butler 2019  included
patients > 40 years of age with chronic obstructive pulmonary
disease (COPD).  Boere 2021  included participants from nursing
homes. Four studies included children (Althaus 2019; Diederichsen
2000; Do 2016; Schot 2018).  Only Schot 2018  included children
alone (aged 3 months to 12 years). The remaining three studies
included either all age groups or from 1 to 65 years of age.

Setting

All included studies were conducted in a primary healthcare
setting. Nine studies included participants from primary
care practices (Andreeva 2013; Butler 2019; Cals 2009; Cals
2010; Diederichsen 2000; Lhopitallier 2021; Little 2013a;

Little 2019; Melbye 1995), whilst the remaining four studies
included participants from other primary healthcare sectors
(Althaus 2019; Boere 2021; Do 2016; Schot 2018).  Althaus
2019  included  participants from nine public primary care units
and one outpatient department in Myanmar.  Do 2016  included
participants from nine primary healthcare centres and one
outpatient clinic in Vietnam. The outpatient clinics were manned
by nurses and medical doctors, and the clinics form part of the
primary healthcare sector in these countries. Schot 2018 included
participants in an "out of oHice hours" facility staHed by general
practitioners.  Boere 2021  included participants from nursing
homes.

C-reactive protein cut-o� values

We noted appreciable diHerences between the C-reactive protein
cut-oH values applied to guide antibiotic treatment, which
ranged from vague indications of such values to specific
numeric recommendations for initiating or withholding antibiotic
treatment, or both  (Table 6). Test results were made available
to the physicians as part of the initial clinical assessment in
most studies, except for  Melbye 1995,  which  only made results
available to physicians aPer the initial clinical decision.  Althaus
2019 communicated results of C-reactive protein measurements to
the healthcare provider as low C-reactive protein or high C-reactive
protein using cut-oH thresholds of either 20 mg/L (group A) or
40 mg/L (group B). The exact set-up was leP to the participating
physician to accommodate in Diederichsen 2000. The treating
physician could overrule C-reactive protein guidance in all trials. 

Procalcitonin

One study investigated the use of procalcitonin as a point-of-care
biomarker in ARI in primary care (Lhopitallier 2021). The cut-oH
value of procalcitonin was 0.25 μg/L (Table 7). The point-of-care
test provided results in 20 minutes. The study is described in
Characteristics of included studies.

Outcome assessment

Outcome assessment was based on medical records regarding
the number of participants given an antibiotic prescription,
although  Butler 2019  also used participant-reported antibiotic
usage. Secondary outcomes such as clinical recovery were reported
by participants using diaries and questionnaires, or during follow-
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up visits at the clinics (Althaus 2019; Andreeva 2013; Boere 2021;
Butler 2019; Melbye 1995).

Other aspects

One study  was terminated by the principal investigator aPer
one year without reaching the target inclusion rate due to
an interim analysis that showed no diHerence between groups
and because of lack of interest from the participating general
practitioners  (Melbye 1995).  Little 2019  was a 12-month follow-
up of the original study,  Little 2013a, and included participants
from the same practices. The study noted that C-reactive protein
testing was seldom used at 12-month follow-up (5.77% in the
intervention group) (Little 2019). One study reported frequent
violation to adherence to protocol (30 out of 165 participants in the
control group had C-reactive protein measurements) (Schot 2018).
Two studies received economic funding from manufacturers of C-
reactive protein point-of-care tests (Cals 2010; Melbye 1995). Three
studies received test kits or reagents, or both, for the study
(Andreeva 2013; Do 2016; Little 2019). On-site training in C-reactive
protein devices was performed by manufacturers in four studies
(Butler 2019; Diederichsen 2000; Little 2013a; Little 2019).

Additional data

We contacted a total of six study authors for additional details. We
obtained raw data from Diederichsen 2000 to calculate the number
of participants with substantial improvement and to diHerentiate
between children and adults. Althaus 2019 provided specific details
and raw data to diHerentiate participants with symptoms of ARIs to
permit inclusion in the meta-analysis.

Excluded studies

We excluded one study that used an electronic algorithm in
combination with a specific point-of-care test (C-reactive protein
test) (Keitel 2017), and one study that used a specific antigen test
(Little 2014).

Five studies were not conducted in a primary care setting (Ameyaw
2014; Huang 2018; Isa 2022; Montassier 2019; Schechter-Perkins
2019). We excluded one study that did not assess a point-of-care
test to guide antibiotic treatment decisions (Mann 2020), but used
clinical decision support to guide antibiotic decisions.

We excluded seven studies that were not RCTs (de Lusignan 2020;
Eley 2020; Fiore 2017; Meili 2016; Minnaard 2016; Oppong 2018;
Stannard 2014).

We contacted three trial authors to obtain additional details on
ARIs, as they included acutely ill participants or participants with
fever in general (Rebnord 2016a; Van den Bruel 2016; Verbakel
2016). Unfortunately, data regarding specific ARI diagnoses or
symptoms were not registered or retrievable, resulting in exclusion
of these studies.

Risk of bias in included studies

We assessed the risk of bias for each study and individual outcomes.
The risk of bias assessment is presented graphically in  Figure
2 and summarised in Figure 3. For further information on included
studies, see Characteristics of included studies.

 

Figure 2.   Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.
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Figure 3.   Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Allocation

The cluster-RCTs used computer randomisation programs to
allocate practices to the intervention or control arms (Andreeva
2013; Boere 2021; Cals 2009; Lhopitallier 2021; Little 2013a;
Little 2019; Schot 2018).  The individually randomised studies
by  Cals 2010,  Do 2016, and  Althaus 2019 used sequentially
numbered, opaque, sealed envelopes that were opened on site
aPer participant enrolment.  Cals 2010  also had the envelopes
prepared in diHerent block sizes by an independent research
team.  Butler 2019  did not provide information on the allocation
concealment in the paper, but in the study protocol described
that they used remote allocation and maintained allocation
concealment up to the point of the intervention.  Diederichsen
2000 provided no information on sequence generation, but stated
that they used "pre-randomised sealed envelopes in blocks of
34".  Melbye 1995  did not specify the randomisation procedure,
but according to the principal investigator this was adequately
done at study sponsor level. Allocation concealment of individual
participants does not apply to cluster-RCTs at practice level, so
we assessed Schot 2018, in which most participants were cluster
randomised, as at unclear risk of bias.

Blinding

Measurement of C-reactive protein and procalcitonin does not
lend itself to blinding at the clinician level, as the intervention
is used in management decisions, therefore lack of blinding for
personnel administering the intervention was not a concern. Lack
of blinding of participants and assessors may have been a concern
for some outcomes, primarily participant-reported outcomes. Our
assessment of the number of participants given an antibiotic
prescription was based on electronic or paper records for all
studies.

Secondary outcome data assessment procedure varied amongst
studies. Seven studies used participant-reported data on clinical
recovery (Althaus 2019; Butler 2019; Cals 2009; Cals 2010;
Diederichsen 2000; Lhopitallier 2021; Little 2013a). Two studies
used blinded telephone interviews to assess secondary outcome
data (Do 2016; Lhopitallier 2021). Five studies assessed secondary
outcome data non-blinded at follow-up visits (Althaus 2019;
Andreeva 2013; Boere 2021; Butler 2019; Melbye 1995).  Althaus
2019 did use participant-reported clinical recovery, but remaining
secondary outcome data were assessed non-blinded by research
staH at follow-up visits. Little 2019 did not present any secondary
outcome data.

Incomplete outcome data

We successfully retrieved incomplete outcome data on the number
of participants given an antibiotic prescription by contacting the
corresponding authors of individual studies when needed.  Do
2016  provided missing data on our primary outcome number
of participants given an antibiotic prescription (11% in the
intervention group and 7% in the control group).

Data on clinical recovery rates ranged from 90% to 98% in
completeness for most studies, except for  Do 2016  and  Schot
2018.  Schot 2018  had high rates of missing data for secondary
outcomes (58.2%) due to missing consent forms from parents on
included children.  Do 2016  also reported a high rate of missing
data for our secondary outcome number of satisfied participants
(56.3%), but the reasons for this remain unclear.

We were unable to obtain information necessary for our planned
subgroup analyses comparing serious and non-serious infections,
as this was not reported, and exact diagnoses were not recorded.
However, we were able to obtain data on the eHect of C-
reactive protein on the number of participants given an antibiotic
prescription, which permitted a subgroup analysis of lower and
upper ARIs.

Selective reporting

Most studies were analysed as prespecified in study protocols
accessed from trial registers. The two oldest studies did not have
a published protocol (Diederichsen 2000; Melbye 1995).  Schot
2018  changed study set-up. Although this was not specified in
the protocol, we did not consider this change to have introduced
reporting bias and it did not aHect our risk of bias rating. We did not
detect any selective reporting of particular outcome measurement
or analysis.

Other potential sources of bias

Selection (recruitment) bias is a risk in cluster-RCTs, as care
providers assigned to the intervention group can select which
patients to test (inclusion was at the discretion of the care
provider). This means that patients with a higher-than-average
likelihood that the test might change the clinical decision could
preferentially be enrolled, for example those patients that the
care provider perceived could be convinced that an intervention
was not needed if a test was performed. This may exaggerate
the estimated eHect relative to more widespread use in clinical
practice. However, measures to limit this 'active' recruitment by
participating physicians were in place, for example by requirements
for consecutive enrolment of the first eligible patients that
presented in each practice. In the study by Cals 2009, significantly
more participants in the control group had abnormalities on
auscultation (60.3% versus 46.7%, P = 0.005), a parameter closely
linked to antibiotic prescription (Jakobsen 2010). However, in
the larger study by  Little 2013a,  symptom severity scores were
balanced between groups.

Contamination bias is possible in individual RCTs, as the general
practitioner may gradually learn to foresee which patients have low
C-reactive protein levels and apply this acquired skill in the control
group. As most patients will have low values of C-reactive protein,
this would lead to decreased antibiotic prescription in the control
group and underestimate the eHect of the test.

Inclusion bias may occur in both trial designs, as general
practitioners may be reluctant to include patients with
severe disease given the risk that antibiotic treatment is not
recommended according to the test result. In individual RCTs,
this potential bias would be non-discriminative, as opposed to in
cluster-RCTs, where this could be a discriminative bias. This may
lead to a lower estimate of the eHect of biomarkers in individual
RCTs (a priori risk of antibiotic treatment is low in both groups)
but may overestimate the eHect in cluster-RCTs (a priori risk of
antibiotic treatment is diHerent between intervention (low) and
control groups (normal)).

E@ects of interventions

See: Summary of findings 1 Point-of-care biomarkers (C-reactive
protein) for infection compared with standard of care for guiding
antibiotic therapy in acute respiratory infections; Summary of
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findings 2 Point-of-care biomarkers (procalcitonin) for infection
compared with standard of care for guiding antibiotic therapy in
acute respiratory infections

Defining follow-up

We changed the wording used in the original review from  “at  28
days follow-up” and “at day seven” to "within 28 days follow-up”
and "within seven days follow-up” to specify the follow-up period
more precisely. This did not change our decision to include or
exclude any specific studies from the review, but it did change
which studies were included in our meta-analysis.

Primary outcomes

1. Number of participants given an antibiotic prescription at the
index consultation and within 28 days follow-up

C-reactive protein

See Summary of findings 1.

All 12 studies, including 10,218 participants (mean age 62),
reported point estimates in favour of the C-reactive protein test to
reduce the number of participants given an antibiotic prescription.
The pooled result for all included trials showed that C-reactive
protein tests likely reduce the number of participants given
an antibiotic prescription (risk ratio (RR) 0.77, 95% confidence
interval (CI) 0.69 to 0.86; 12 trials, 10,218 participants; I2  =
79%; moderate-certainty evidence; Analysis 1.1; Figure 4). However,
the considerable heterogeneity was not explained through our pre-
planned subgroup analysis of cluster-RCTs and individual RCTs.

 

Figure 4.   Forest plot of comparison: 1 C-reactive protein - antibiotic prescribing: all trials, outcome: 1.1 C-reactive
protein - antibiotics prescribed at index consultation. All trials (cluster-RCTs with modified sample size).
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Pooled results from the individual RCTs showed that C-reactive
protein tests likely reduce the number of participants given
an antibiotic prescription (RR 0.79, 95% CI 0.70 to 0.89; I2 =
75%; 6 trials, 5899 participants;  Analysis 1.1;  moderate-certainty
evidence; Figure 4), but again with considerable heterogeneity. A
similar eHect was seen with the cluster-RCTs (RR 0.73, 95% CI 0.58
to 0.90; 6 trials, 4319 participants; I2 = 82%; moderate-certainty
evidence; Analysis 1.1; Figure 4).

The number needed to test (NNT) to avoid one patient being given
an antibiotic prescription at the index consultation was 9 (95% CI 7
to 13; Table 8).

Overall, C-reactive protein tests reduced the number of participants
given an antibiotic prescription within 28 days follow-up (RR 0.81,
95% CI 0.76 to 0.86; 7 trials, 5091 participants; I2  = 29%;  high-
certainty evidence; Analysis 1.2; Figure 5).
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Figure 5.   Forest plot of comparison: 1 C-reactive protein - antibiotic prescribing: all trials, outcome: 1.2 C-reactive
protein - antibiotics prescribed within 28 days (cluster-RCTs with modified sample size).
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1.2.2 Cluster-randomised trials (modified sample size)
Cals 2009
Andreeva 2013
Subtotal (95% CI)
Total events:
Heterogeneity: Tau² = 0.01; Chi² = 1.24, df = 1 (P = 0.27); I² = 19%
Test for overall effect: Z = 2.63 (P = 0.009)

Total (95% CI)
Total events:
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Test for overall effect: Z = 6.56 (P < 0.00001)
Test for subgroup differences: Chi² = 1.52, df = 1 (P = 0.22), I² = 34.4%
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Footnotes
(1) Follow up at day 14

 
Procalcitonin

See Summary of findings 2.

One study including 317 participants (median age 53), reported
point estimates in favour of the C-reactive protein test to reduce
the number of participants given an antibiotic prescription (RR
0.32, 95% CI 0.23 to 0.44; 1 trial, 317 participants; very low-
certainty evidence;  Analysis 2.1). As only one study investigated
procalcitonin, the evidence is very uncertain about the eHect
of procalcitonin on number of participants given an antibiotic
prescription.

2. Number of participants with substantial improvement
(including full recovery) within seven days follow-up

C-reactive protein

C-reactive protein tests likely do not reduce clinical recovery
(defined as at least substantial improvement) within seven days
follow-up (RR 1.03, 95% CI 0.96 to 1.12; 4 trials, 3104 participants;
I2 = 0%; moderate-certainty evidence; Analysis 1.3).

Procalcitonin

The evidence is very uncertain about the eHect of procalcitonin
tests on clinical recovery (RR 1.23 95% CI 0.93 to 1.62; 1 trial, 277
participants; very low-certainty evidence; Analysis 2.3)

3. Total mortality within 28 days follow-up

C-reactive protein

Nine out of the 12 included studies reported information on
mortality (Althaus 2019; Boere 2021; Butler 2019; Cals 2009; Cals
2010; Diederichsen 2000; Do 2016; Little 2013a; Schot 2018). Three
out of nine studies reported deaths during the follow-up period
(Althaus 2019; Boere 2021; Butler 2019), and six trials reported no
deaths (Cals 2009; Cals 2010; Diederichsen 2000; Do 2016; Little
2013a; Schot 2018). The three remaining studies did not report on
mortality and were thus not included in the analysis (Andreeva
2013; Little 2019; Melbye 1995).

Pooled analysis showed that C-reactive protein tests may not
increase total mortality within 28 days follow-up (RR 0.53, 95%
CI 0.10 to 2.92; 9 trials, 7737 participants; I2  = 0%;  low-certainty
evidence;  Analysis 1.4), but the number of events was small (2
in 4221 participants in the intervention group versus 3 in 3516
participants in the control group).

Causes of death were pneumonia (1), respiratory failure (1),
pneumothorax (1), or "unclear reasons" (2). All studies reported
that deaths were unrelated to the intervention or procedure
as determined by trial investigators. All participants who died
received antibiotics at day 0, either at index consultation or upon
admission to hospital. All deaths were amongst older adults with
comorbidities.
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Procalcitonin

No deaths occurred during the trial that investigated procalcitonin.

Secondary outcomes

1. Number of participants in need of a reconsultation within 28
days follow-up

C-reactive protein

Use of C-reactive protein tests results in little or no diHerence in the
number of participants in need of a reconsultation within 28 days
follow-up (RR 1.06, 95% CI 0.91 to 1.24; 7 trials, 6256 participants; I2
= 0%; high-certainty evidence; Analysis 1.5).

Procalcitonin

The evidence is very uncertain about the eHect of procalcitonin
tests on the number of participants in need of a reconsultation
within 28 days follow-up (RR 1.00, 95% CI 0.69 to 1.46; 1 trial, 317
participants; very low-certainty evidence; Analysis 2.5).

2. Number of participants in need of a hospital admission within
28 days follow-up

C-reactive protein

Ten of the 12 included studies reported information on hospital
admissions (Althaus 2019; Andreeva 2013; Boere 2021; Butler 2019;
Cals 2009; Cals 2010; Diederichsen 2000; Do 2016; Little 2013a;
Schot 2018). Six of 10 studies reported hospital admissions during
the follow-up period (Althaus 2019; Boere 2021; Butler 2019; Do
2016; Little 2013a; Schot 2018), and four studies reported no
hospital admissions amongst the included participants (Althaus
2019; Cals 2009; Cals 2010; Diederichsen 2000). The two remaining
studies did not report information on hospital admission and were
thus not included in the analysis (Little 2019; Melbye 1995).

C-reactive protein tests probably do not increase the number of
participants in need of a hospital admission within 28 days follow-
up (RR 1.05, 95% CI 0.72 to 1.53; 10 trials, 7514 participants; I2 =
0%; moderate-certainty evidence; Analysis 1.6).

Only two studies presented detailed information on the reasons for
hospital admission (Boere 2021; Little 2013a). Reasons for hospital
admissions were listed as: cardiac (3), respiratory (16), generally
unwell/fever (2), gastrointestinal symptoms (2), sinusitis (1), sepsis
(1), other (i.e. hyponatraemia, fracture, anaemia) (4).

All hospitalisations were likely not related to the intervention.
However, an increase in the risk of hospital admissions in the C-
reactive protein group cannot be ruled out, although the absolute
event rate was low (57 in 4728 participants in the intervention group
versus 48 in 3386 participants in the control group). Data were not
available to determine the number of hospitalised participants who
were withheld antibiotic treatment at the index consultation, nor
their C-reactive protein level at the index consultation.

Procalcitonin

Lhopitallier 2021  reported on hospital admissions. There were
four hospital admissions in the intervention group and two
hospital admissions in the usual care group. Reasons for hospital
admissions were: acute psychotic episode (1) and pneumonia (5).
Data were not available to determine the number of hospitalised
participants who were withheld antibiotic treatment at the index
consultation, nor their procalcitonin level at the index consultation.

The evidence is very uncertain about the eHect of procalcitonin
tests on the number of participants in need of a hospital admission
within 28 days follow-up (RR 1.40, 95% CI 0.26 to 7.51; 1 trial, 277
participants; very low-certainty evidence; Analysis 2.6).

3. Duration of acute respiratory infection 

C-reactive protein

Four studies reported the duration of the ARI as days with
restrictions in daily activities due to the infection, but used
diHerent measures in their assessment, thereby precluding a
pooled analysis (Table 2). Cals 2009 reported no diHerences in the
median symptom duration of the ARI to full recovery, whilst Cals
2010 also provided this measure as a mean number of days. Little
2013a  reported the time to resolution of symptoms rated as
moderately bad or worse. Do 2016 reported the time to resolution
of symptoms. No diHerences were observed for any of these
participant-reported outcomes.

Procalcitonin

The median duration of the ARI was 8 days in the procalcitonin
group and 7 days in the usual care group at 28 days follow-up (Table
3).

4. Number of satisfied participants

C-reactive protein

Three out of 12 studies reported information on patient satisfaction
(Cals 2009; Cals 2010; Do 2016). All three studies reported
satisfaction in terms of satisfaction with care and consultation,
either at index consultation, Cals 2009; Cals 2010, or aPer trial day
14 (Do 2016). C-reactive protein tests may not reduce the number
of satisfied participants (RR 0.81, 95% CI 0.50 to 1.29; 3 trials, 1458
participants; I2 = 40%; low-certainty evidence). However, there was
moderate heterogeneity (I2 = 40%), possibly related to the use of
diHerent assessment scales, and the fact that only three studies
reported patient satisfaction reduces the certainty of the eHect
estimate (Analysis 1.7).

Procalcitonin

The study on procalcitonin reported patient satisfaction
regarding the consultation at consultation day (Lhopitallier 2021).
Satisfaction was also reported with regard to the diagnosis found,
treatment, and the amount of time spent with the primary
care physician, using a standardised visit-specific satisfaction
instrument by a blinded phone interview at day 7.

The evidence is very uncertain about the eHect of procalcitonin
tests on the number of satisfied participants (RR 0.96, 95% CI 0.93 to
1.00; 1 trial, 308 participants; very low-certainty evidence; Analysis
2.7).

5. Number of participants with substantial improvement
(including full recovery) within 28 days follow-up

C-reactive protein

Use of C-reactive protein tests likely does not reduce the
number of participants recovered (defined as at least substantial
improvement) within 28 days follow-up (RR 1.02, 95% CI 0.79
to 1.32; 5 trials, 2324 participants; I2 = 0%;  moderate-certainty
evidence; Analysis 1.8).
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Procalcitonin

Lhopitallier 2021 did not report on recovery within 28 days follow-
up.

6. Subgroup analyses

C-reactive protein

Serious infections and less serious infections

We had to omit our planned analysis of severe and less severe ARI
due to lack of data. However, the eHect of the C-reactive protein test
on the number of participants given an antibiotic prescription was
similar for upper and lower ARIs (Analysis 1.9). Heterogeneity across
subgroups was 0%, suggesting no variation in the mean eHect in the
subgroups.

Children and adults

Four studies specifically reported on the eHect of C-reactive protein
test in children (N = 2335), collectively finding that C-reactive
protein likely reduces the number of children given an antibiotic
prescription (RR 0.78, 95% CI 0.67 to 0.91; 4 trials, 2335 participants;
I2 = 45%; moderate-certainty evidence; Analysis 1.10) (Althaus 2019;
Diederichsen 2000; Do 2016; Schot 2018). The eHect was primarily
seen in low- and middle-income countries.

The test for subgroup diHerences (test for heterogeneity across
subgroups) suggests there is no variability in the eHect estimate
between adults and children (I2 = 0%) (Analysis 1.10). Points
estimates and confidence intervals are also overlapping.

Type of point-of-care test

We did not carry out a subgroup analysis on type of point-of-care
test due to lack of studies on the use of procalcitonin and leukocyte
point-of-care tests.

Trials with low risk of bias and high risk of bias

As the intervention did not lend itself to blinding, we chose to
omit this component when selecting studies for our subgroup
analysis comparing trials at low risk of bias and at high risk of bias.
Accordingly, Cals 2010 was the only trial with an overall low risk of
bias (Figure 3). The primary outcome of the number of participants
given an antibiotic prescription at index consultation was RR 0.77,
95% CI 0.60 to 0.98, which was similar to the trials at high risk of
bias.

Cluster-RCTs and individually randomised studies

We carried out a subgroup analysis on cluster-RCTs and individual
RCTs in most analyses. The test for heterogeneity did not show any
indication of a variation in the mean eHect in the subgroups (I2 =
0%). The test for subgroup diHerences suggests that there is no
variation in the mean eHect between the cluster RCTs and individual
RCTs (I2 = 0%). Points estimates and confidence intervals are also
overlapping.

Procalcitonin

As only one included study investigated the eHect of procalcitonin,
we did not carry out any subgroup analysis evaluating procalcitonin
as point-of-care biomarker.

7. Sensitivity analyses

C-reactive protein

Planned sensitivity analysis

Due to considerable heterogeneity possibly related to variations in
trial designs, we omitted the preplanned sensitivity analysis using
a fixed-eHect meta-analysis.

Sensitivity analyses assuming a worst-case scenario, where all
participants in the C-reactive protein group lost to follow-up did not
improve, and all participants in the control group lost to follow-up
did substantially improve, showed that C-reactive protein tests may
increase the number of participants given an antibiotic prescription
(within 7 days follow-up: RR 1.11, 95% CI 1.03 to 1.20; 4 trials, 3214
participants; I2= 0%;  Analysis 1.11; within 28 days follow-up: RR
1.37, 95% CI 1.01 to 1.85; 5 trials, 2506 participants; I2= 31%; Analysis
1.12). The sensitivity analysis raised some concerns regarding
missing outcome data on recovery (Althaus 2019; Andreeva 2013;
Boere 2021; Melbye 1995).  Boere 2021  had missing outcome
data on recovery that were not equally distributed between the
intervention group and the control group (22 participants with
missing outcome data items in 162 participants in the intervention
group versus 3 participants with missing outcome data items in
79 participants in the control group).  Althaus 2019  had missing
outcome data on recovery that were equally distributed between
groups (22 missing outcome data items in 630 participants in group
A, 17 missing outcome data items in 626 participants in group
B, and 26 missing outcome data items in 649 participants in the
control group).  Melbye 1995  had recovery data available in 230
of 239 participants within 7 days follow-up and in 219 of 239
participants at 21 days follow-up. Andreeva 2013 had minor missing
outcome data (176 out of 179 participants provided outcome data
on recovery).

Post hoc sensitivity analysis

We carried out a post hoc sensitivity analysis on follow-up period,
as we had to specify the follow-up period that was not prespecified
in the protocol or the original review. The post hoc sensitivity
analysis on follow-up period did not change which studies to
include from the original review, but did change which studies to
include from the current search carried out in June 2022 (Analysis
1.13; Analysis 1.14; Analysis 1.15; Analysis 1.16; Analysis 1.17;
Analysis 1.18; Analysis 1.19; Analysis 1.20).

To assess the considerable heterogeneity, we performed a post
hoc sensitivity analysis of newer studies separately (Althaus 2019;
Andreeva 2013; Boere 2021; Butler 2019; Cals 2009; Cals 2010;
Do 2016; Little 2013a; Little 2019), as these studies used specific
guidance on antibiotic prescription if C-reactive protein levels
were < 20 mg/L. This analysis showed that C-reactive protein
tests likely reduce the number of participants given an antibiotic
prescription (RR 0.74, 95% CI 0.65 to 0.84; 9 trials, 8341 participants;
I2= 82%;  moderate-certainty evidence;  Analysis 1.21), but with
considerable heterogeneity.

A summary of the secondary outcomes is presented in  Table
9 and Table 10.

Procalcitonin

As only one included study investigated the eHect of procalcitonin,
we did not carry out any sensitivity analysis evaluating
procalcitonin as point-of-care biomarker.
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7. Funnel plot

C-reactive protein

The funnel plot (Figure 6) refers to the primary outcome of number
of participants given an antibiotic prescription. It may be slightly

asymmetrical, indicating a possible risk of publication bias which
might be due to a lack of smaller, negative studies. Furthermore,
the smaller included studies were cluster-RCTs  (Andreeva 2013;
Boere 2021; Cals 2009; Schot 2018), with lower methodological
rigour (Page 2016).

 

Figure 6.   Funnel plot of risk ratio (RR) from included trials with their standard error (SE) values on a logarithmic
scale.
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Procalcitonin

As only one included study investigated the eHect of procalcitonin,
we did not carry out a funnel plot for this study.

D I S C U S S I O N

Summary of main results

We identified seven new studies for this update (Althaus 2019;
Boere 2021; Butler 2019; Do 2016; Lhopitallier 2021; Little 2019;
Schot 2018), for a total of 13 RCTs with 10,535 participants. Overall,
the included studies were at unclear or low risk of bias. However,
all studies were open-labelled, thereby introducing high risk of bias
due to lack of blinding.

C-reactive protein

We found 12 studies that investigated the use of C-reactive protein
point-of-care test in ARIs in primary care, and concluded that C-
reactive protein point-of-care tests in ARIs in primary care likely
reduce the number of participants given an antibiotic prescription,
and do not increase the number of participants in need of a
reconsultation within 28 days follow-up. Tests are also unlikely to
aHect patient safety with regard to clinical recovery within 7 or
28 days follow-up. Furthermore, C-reactive protein tests may not
increase mortality within 28 days follow-up, and are unlikely to
increase hospital admissions within 28 days follow-up.

All included studies consistently showed a point estimate
indicating a reduction in the number of participants given an
antibiotic prescription. However, the precise eHect estimate should
be interpreted with caution due to the considerable heterogeneity,
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which may be partly explained by diHerences in inclusion criteria
and design amongst the included studies, and application of C-
reactive protein algorithms for initiating or withholding antibiotics
in some trials only. We carried out subgroup analyses on the
number of participants given an antibiotic prescription at index
consultation for adults and children, which showed C-reactive
protein point-of-care tests in both adults and children in primary
care likely reduce antibiotic prescriptions at index consultation.

Overall, the number of participants given an antibiotic prescription
at 28 days follow-up was reduced at a similar rate when using C-
reactive protein measurements to guide antibiotic treatment of
ARIs in primary care.

Procalcitonin

We found only one study that investigated the use of procalcitonin
point-of-care test in ARIs in primary care, and the evidence is very
uncertain about the eHect of procalcitonin for all primary and
secondary outcomes.

Overall completeness and applicability of evidence

C-reactive protein

In general, the available evidence supports the use of C-reactive
protein as a point-of-care test in children and adults to guide
antibiotic prescriptions for ARIs in primary care. The included
trials were from Europe, Russia, and Asia, which are considerably
diHerent in terms of antibiotic use, application of C-reactive protein
algorithms, and organisation of primary care. The studies had
high levels of completeness of reporting for the primary outcomes
(100%); however, secondary outcomes varied in completeness of
reporting from moderate (56%) to high (89%). All results were
reported as intention-to-treat.

Biological variation

Our meta-analysis included both children and adults. We carried
out a subgroup analysis on adults (11 studies, sample size 7883)
and children (4 studies, sample size 2335). The respective eHect
estimates for children and adults both showed a reduction, thus our
results support application of C-reactive protein point-of-care tests
in both adults and children to guide antibiotic prescription for ARIs
in primary care.

The results of this review should not be generalised to include
older adults above 80 years of age with severe comorbidities and/
or immunocompromised patients, as this group of patients were
excluded from the included studies or were underrepresented. It
remains unclear how C-reactive protein should be interpreted in
people with severe comorbidities and immunodepression, and no
specific algorithms are made for these groups.

Furthermore, this review encompassed diHerent respiratory
infections with varying anatomical localisation. We had to omit
the pre-planned subgroup analyses of serious infections and less
serious infections, as most studies reported presence and type of
symptoms rather than diagnoses or symptom severity. No new
studies included in this update reported data for this comparison;
however, C-reactive protein point-of-care tests were found likely to
reduce the number of participants given an antibiotic prescription
for both upper and lower ARIs in older studies.

C-reactive protein algorithms 

The included studies used diHerent algorithms for C-reactive
protein measurements based on diHerent national guidelines or
diHerent available evidence. To some extent this can explain the
observed heterogeneity. The C-reactive protein algorithms aHect
both patient safety and the potential reduction in the number
of patients given an antibiotic prescription, as does the a priori
likelihood of antibiotic use in any given patient population. By
including diHerent algorithms in this review, we regard the findings
as a 'proof of concept'; however, identification of an optimal
algorithm was not possible.

In studies with specific algorithms (such as C-reactive protein cut-
oH < 20 mg/L for withholding antibiotic treatment), physicians were
still able to overrule the algorithm based on clinical assessment.
Studies report that variation in adherence to the C-reactive protein
algorithms was present. Do 2016 reported variation in adherence to
algorithm across the two included study centres (4% of participants
(3/75) in the intervention group in Sai Dong station, and 71% of
participants (49/71) in the intervention group in Dong Da Station),
suggesting that adherence to protocol was study site-specific. Mean
violation of algorithm in the included studies was 28.6% (range 20%
to 35%). This will also be present in practice, as a physician will have
to interpret findings as an adjunct to medical history and clinical
examination.

Variation in adherence

Two studies had issues regarding adherence to the protocol (Little
2019; Schot 2018). Schot 2018 reported violations to protocol, as
one in five (18%) participants randomised to the control group
where tested for C-reactive protein.  Little 2019  reported a low
(6%) usage of C-reactive protein measurements in the intervention
group. Both studies found a non-significant reduction in the
number of participants given an antibiotic prescription.  Little
2019 also demonstrates what may occur when introducing a point-
of-care test in practice. Initial introduction including training in use
and interpretation of C-reactive protein tests produced a reduction
(RR 0.69, 95% CI 0.61 to 0.77) in the number of participants given
an antibiotic prescription (Little 2013a). However, subsequent
follow-up without further enforcement, training, or incentives
to use the newly acquired skills may lead to discontinuation
of the intervention and loss of its initial eHect  (Little 2019).
These interpretations, suggesting a continued support to clinicians
upon introducing new interventions, may be relevant to consider
if implementing C-reactive protein testing on a wider scale
(Damschroder 2009).

Economic aspects on tests may also be a concern with regard to the
implementation of C-reactive protein tests. Point-of-care tests are
easily accessible, but kits can be expensive, which may be a barrier
for implementation of C-reactive protein test for primary care in
low- and middle-income countries.

Procalcitonin

Biological variation

The study investigating the use of procalcitonin point-of-care test
in ARI in primary care only included adults, therefore we have no
evidence with regards to children. We are uncertain of the eHect of
procalcitonin on adults due to the level of the evidence.
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Algorithms 

The algorithm used in the study was to prescribe antibiotics
when procalcitonin was > 0.25 μg/L. This cut-oH point was made
based on previous RCTs (Briel 2008b; Burkhardt 2010b; Schuetz
2009). The study carried out a per-protocol characteristics of
participants having received antibiotics between day 1 and 28
despite procalcitonin < 0.25 μg/L at day 0. Only presence of
chest pain and longer duration of symptoms were associated with
antibiotic prescription despite procalcitonin < 0.25 μg/L at day 0.

Variation in adherence

There was no protocol violation with regard to adherence to
protocol in the usual care group in the study. There were deviations
in 8% in the procalcitonin group, meaning that 8% did not have
procalcitonin measured.

Economic aspects on procalcitonin may also be a concern with
regard to the implementation of procalcitonin point-of-care tests
for primary care in low- and middle-income countries.

Procalcitonin as point-of-care test provides results in 20 minutes.
This may also be a concern with regard to implementation of the
test in primary care.

Certainty of the evidence

C-reactive protein

The overall certainty of the evidence was moderate to high
according to our GRADE assessment, except for mortality, which
we downgraded by two levels due to substantial imprecision
(Summary of findings 1). Further research is unlikely to alter our
overall conclusions, but may change the eHect estimates due to the
current heterogeneity.

Considerable heterogeneity in the pooled analysis of the number
of participants given an antibiotic prescription at the index
consultation may well be explained by diHerences in study setting
(geographical locations and diHerent primary care settings), as well
as the application of diHerent C-reactive protein algorithms (Table
6). However, we downgraded the certainty of the evidence due to
the considerable, unexplained heterogeneity.

We downgraded the certainty of the evidence for the outcomes total
mortality and hospital admissions within 28 days follow-up due to
imprecision. We chose to downgrade hospital admissions by one
level, but downgraded mortality by two levels as there were few
events and wide confidence intervals, where the upper limit of the
confidence interval could in theory include clinically meaningful
diHerences. The low event rates for these safety outcomes
prevented us from drawing any firm conclusions, although it seems
unlikely that the intervention substantially increases mortality or
hospital admission based on the available data.

Clinical recovery rates were participant-reported outcomes, and
we chose to downgrade the certainty of the evidence to moderate
due to lack of blinding of participants. The rating of high risk of
bias will likely not be changed by future research, as blinding is
impossible due to the nature of the intervention. We chose not
to downgrade for missing data on recovery, despite the fact that
our worst-case sensitivity analysis showed diHerences in favour of
standard care. The worst-case analysis might not be the best way
to handle missing data (Higgins 2008), but this specific analysis

does remind us to be aware of missing data, which could potentially
change the overall eHect estimate on recovery.

Procalcitonin

As already mentioned, the evidence is very uncertain about the
eHect of procalcitonin on all primary and secondary outcomes.
More studies are needed to evaluate the use of procalcitonin point-
of-care tests in ARIs in primary care.

We downgraded the certainty of the evidence for the use of
procalcitonin in general because we identified only one study, with
a small study sample. We chose to downgrade two levels due to
imprecision. Another reason for downgrading the certainty of the
evidence for the use of procalcitonin in ARI in primary care was
indirectness, as only adults were included. This could be discussed,
but we are interested in the eHect of the use of procalcitonin in the
population in primary care, not only in adults.

We chose to downgrade the certainty of the evidence by one
level due to study limitations, because the study was a cluster-
randomised trial. Only one study was included, and we are
uncertain whether individually randomised trials will provide the
same eHect estimate as this cluster-randomised trial.

We were unable to assess the certainty of the evidence with regard
to inconsistency of results, as only one study was included.

Potential biases in the review process

To the best of our knowledge, no bias was introduced in the review
process.

Agreements and disagreements with other studies or
reviews

Three systematic reviews studied the evidence for C-reactive
protein point-of-care tests to guide antibiotic prescription
in primary care  (Engel 2011; Huang 2013; Martínez-González
2020).  Engel 2011  concluded that the current evidence does not
support the use of C-reactive protein in primary care for this
purpose. However, no meta-analyses were performed, with no
reason for this provided. Huang 2013, like us, reported a reduction
in the number of participants given an antibiotic prescription
for ARIs (RR 0.75, 95% CI 0.67 to 0.83), but with considerable
heterogeneity (I2 = 76%). However, the main meta-analysis included
both RCTs and observational studies. Both Engel 2011 and Huang
2013  did not include the eight latest trials, which added 8785
participants (Althaus 2019; Andreeva 2013; Boere 2021; Butler 2019;
Do 2016; Little 2013a; Little 2019; Schot 2018).

A more recent systematic review reported a reduction in the
number of participants given an antibiotic prescription in ARI (RR
0.79, 95% CI 0.79 to 0.90), also with considerable heterogeneity
(I2  = 76%) (Martínez-González 2020). The review included five
studies that we chose to exclude (Gonzales 2011; Rebnord 2016b;
Takemura 2005; Van den Bruel 2016; Verbakel 2016).  Gonzales
2011  was conducted in an emergency department, whereas our
review focused on primary care. Three trials included participants
with acute illness (fever) that were not specifically ARIs, which were
the conditions of interest in our review (Rebnord 2016b; Takemura
2005; Van den Bruel 2016).  We excluded  Verbakel 2016  as this
study had no usual care group and carried out a more complex
intervention. Martínez-González 2020 also conducted a subgroup
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analysis comparing age groups, but only found a likely reduction
in the number of participants given an antibiotic prescription
amongst adults (n = 3729), not children (n = 2755).  Martínez-
González 2020  detected greater heterogeneity in the subgroup
analysis of children (I2 = 67% versus I2 = 45% in our subgroup
analysis), and some included children (n = 1684) had acute illness
rather than ARIs (Van den Bruel 2016; Verbakel 2016). Another
concern was the  study by  Rebnord 2016b, which combined two
settings, an out-of-hours primary care clinic and a paediatric
emergency department.

Two systematic reviews studied the evidence of point-of-care tests
in ambulatory care (Van Hecke 2020; Verbakel 2019). Both reviews
included studies conducted not only in primary care but also
emergency departments, ambulatory care, and outpatient clinics.
The evidence for both reviews was in concordance to ours. Verbakel
2019 reported a likely reduction of the number of participants given
an antibiotic prescription (RR 0.81, 95% CI 0.71 to 0.92). When
including guidance on antibiotic prescriptions in accordance to
C-reactive protein level, a further reduction was found (RR 0.68,
95% CI 0.63 to 0.74 in adults and RR 0.56, 95% CI 0.33 to 0.95
in children), also with substantial heterogeneity (I2  = 72%).  Van
Hecke 2020  concluded that point-of-care C-reactive protein tests
may reduce immediate antibiotic prescribing amongst children by
a third (risk diHerence -0.29, 95% CI -0.47 to -0.11; n = 2747) in ARI
in low- and middle-income (LMIC) countries. This diHerence was
seen in RCTs in LMICs that included guidance on interpretation of
point-of-care C-reactive protein tests, specific training, or employed
a diagnostic algorithm prior to point-of-care testing. Our subgroup
analysis of children also found a more pronounced eHect in LMIC
countries (Althaus 2019; Do 2016). Together, these findings suggest
that the impact of point-of-care C-reactive protein tests is context-
specific. Settings with high baseline antibiotic prescription rates
might benefit more from an implementation of point-of-care C-
reactive protein test than settings with low baseline antibiotic
prescription rates. These observations likely contribute to the
substantial heterogeneity detected.

According to Verbakel 2019 mortality was generally underreported,
and this review called for safety assessments for implementing
point-of-care C-reactive protein test in ambulatory care. To our
knowledge, no reviews and only a few randomised studies have
assessed the use of point-of care C-reactive protein tests in primary
care amongst older adults with frailty and severe comorbidities
(Boere 2021; Butler 2019). This is a concern as frail older adults with
comorbidity contributes with a high amount of consultations due
to acute respiratory infection in primary care (Childs 2019; Cillóniz
2018; Stupka 2009). More studies are needed to assess the safety
of using C-reactive protein tests to guide antibiotic prescriptions in
frail, multimorbid older adults in primary care.

One study systematically screened the evidence for interventions
that reduce antibiotic prescriptions in primary care amongst
people suHering from ARIs (Köchling 2018). The review included
17 studies, and  concluded that communication skills training
and point-of-care tests were the most eHective interventions, in
combination or alone. Observed reductions in antibiotic use ranged
from 1.5% to 23.3% depending on intervention type (Köchling
2018). These findings are similar to ours, and some studies
included in our meta-analysis also compared communication
training to C-reactive protein point-of-care testing and showed
similar potential to reduce antibiotic use, whilst an additive eHect

was observed when both C-reactive protein tests and training
sessions in communication skills were combined (Cals 2009; Little
2013a; Little 2019).

During the last decade, several cost-eHectiveness studies on C-
reactive protein have been conducted in European settings  (Cals
2011; Fawsitt 2021; Hunter 2015; Lingervelder 2021; Oppong 2013).
A majority of the studies concluded that C-reactive protein testing
increases healthcare costs. When calculating quality-adjusted life-
years (QALYs), C-reactive protein is cost-eHective alone or in
combination with communication skills training, and is likely
to provide a cost-eHective diagnostic intervention in terms of
reducing prescription of antibiotics as well as in QALYs gained. To
our knowledge, no cost-eHectiveness studies have included cost
savings from potential reduction of antibiotic resistance, as no
generally accepted threshold of a particular quantum of antibiotic
prescribing has been accepted as cost-eHective.

C-reactive protein guidance in primary care has primarily been
implemented in high-income countries  (NICE Clinical Guidelines
2019; Woodhead 2011), even though evidence suggests that
settings with high baseline antibiotic prescription rates might
benefit more from an implementation of point-of-care C-reactive
protein test  (Van Hecke 2020). Furthermore, no specific C-
reactive protein cut-oH threshold exists. European guidelines
follow recommendations to delay prescription of antibiotics when
C-reactive protein levels are < 20 mg/L and prescribe when > 100
mg/L (NICE Clinical Guidelines 2019; Woodhead 2011), although
several studies suggest that diHerent thresholds are needed
depending on age (Nouvenne 2016; Van den Bruel 2011; Van Hecke
2020; Verbakel 2019). Studies have reported that the C-reactive
protein test may not be suHiciently sensitive and specific to be of
diagnostic value in primary care, where the incidence of serious
bacterial infection is low (Falk 2009; van der Meer 2005). Still, it may
be used as a prognostic marker to determine the likelihood of a
non-serious infection. Low C-reactive protein levels may assist in
ruling out serious bacterial infections and withhold unnecessary
antibiotic treatments that are not likely to benefit the patient. Of
note, C-reactive protein is not a perfect test and should only be used
in the relevant clinical context, as risks exist for over- as well as
undertreatment with antibiotics.

C-reactive protein is the only point-of-care test widely used
in primary care. However, procalcitonin, another biomarker of
infection, has been developed as a point-of-care-test. We only
found one study carried out in primary care that investigated the
use of procalcitonin point-of-care test to guide decisions about
antibiotic treatment of ARIs. Primarily due to few participants,
the certainty of evidence for procalcitonin as a test to guide
antibiotic treatment is too low to permit any definitive conclusions.
A Cochrane Review from 2017 suggests that procalcitonin is a safe
and eHective tool to guide decisions about antibiotic treatment of
ARIs  (Schuetz 2017), but only one out of the 17 studies included
in Schuetz 2017 used procalcitonin as a point-of-care test, and the
study was conducted in an emergency department. Safety aspects
could not be assessed in primary care due to low mortality rates.

To our knowledge, no new biomarkers as point-of-care test have
been evaluated in an RCT in primary care.
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A U T H O R S '   C O N C L U S I O N S

Implications for practice

Use of C-reactive protein point-of-care tests as an adjunct to
taking a medical history and clinical examination of patients with
symptoms of acute respiratory infections (ARIs) likely reduces the
number of participants given an antibiotic prescription in primary
care, and is unlikely to aHect recovery within 7 or 28 days follow-
up, or duration of the ARI. C-reactive protein point-of-care tests may
not increase mortality or risk of hospital admissions within 28 days
follow-up; however, event numbers for these outcomes were very
low, thereby limiting the certainty of evidence.

Clinicians must be aware of the diHerent algorithms/cut-oH points
when using C-reactive protein tests. C-reactive protein values less
than 20 mg/L suggest that antibiotics may be initially withheld, but
this cut-oH is not currently validated in children and older adults
with comorbidities.

At present, C-reactive protein is the only biomarker
available  for  point-of-care test in primary care settings, where
evidence supports that it can guide antibiotic prescriptions for ARIs.
Furthermore, C-reactive protein point-of-care tests are applicable
in primary care, as test results are provided within 2 to 3 minutes.

The evidence of is very uncertain about the eHect of procalcitonin
point-of-care test on the number of participants given an antibiotic
prescription, recovery, mortality, and hospital admissions.
Clinicians must also be aware that procalcitonin point-of-care
tests currently provide results in 20 minutes. Time to results may
therefore limit widespread implementation of this test in primary
care.

Implications for research

C-reactive protein point-of-care tests in children and adults likely
reduce the number of participants given an antibiotic prescription
for ARIs in primary care. It is unlikely that further research will
change our conclusion, although the size of the estimated eHect
may change.

C-reactive protein point-of-care tests may not increase mortality
within 28 days follow-up, but this assessment was based on very
few events and thus low-certainty evidence. C-reactive protein
point-of-care tests are unlikely to aHect hospital admissions within
28 days follow-up. Studies that recorded deaths and hospital
admissions  were performed in children and older adults with
comorbidities in low- and middle-income countries. Future studies
should focus on children, immunocompromised individuals, and
people aged 80 years and older with comorbidities, and should
assess mortality and hospital admission as critically important
outcomes.

Furthermore, algorithms/cut-oH points for C-reactive protein to
rule out serious disease are not validated and were used diHerently
in studies included in this review. Future studies are needed to
validate C-reactive protein algorithms/cut-oH points, with specific
focus on potential age group diHerences. 

The evidence of is very uncertain about the eHect of procalcitonin
point-of-care test, as only one study investigating procalcitonin
point-of-care test was identified. More studies are needed to
evaluate procalcitonin as well as potential new biomarkers as
point-of-care tests used in primary care to guide antibiotic
prescription.
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Characteristics of included studies [ordered by study ID]

 

Study characteristics

Methods Non-blinded, randomised controlled trial in 6 public primary care units in Thailand, 3 primary care clin-
ics, and 1 outpatient department in Myanmar

Participants Inclusion criteria 

Aged 1 year or older; a documented fever (defined as a tympanic temperature of > 37.5 °C according to
WHO standards); or a chief complaint of fever (< 14 days), regardless of previous antibiotic intake, and
comorbidities other than malignancies

Exclusioncriteria 

Infants younger than 1 year; symptoms requiring hospital referral, defined as either impaired con-
sciousness, inability to take oral medication, or convulsions; a positive malaria test; the main com-
plaint being trauma or injury; suspicion of either tuberculosis, urinary tract infection, or local skin or
dental abscess or infection; any symptom present for more than 14 days; any bleeding; and an inability
to comply with the follow-up visit at day 5

Included in this analysis

1905 participants with ARIs (1256 in the intervention group; 649 in the control group)

Interventions Guiding antibiotic decisions in primary care with a single point-of-care measurement of C-reactive pro-
tein

3-armed study: 1) usual care, 2) intervention group A: the result of C-reactive protein measurement was
communicated to the healthcare provider as low C-reactive protein or high C-reactive protein using
cut-oH thresholds of 20 mg/L; 3) intervention group B: the result of C-reactive protein measurement
was communicated to the healthcare provider as low C-reactive protein or high C-reactive protein us-
ing cut-oH thresholds of 40 mg/L

Outcomes Primary outcomes

1. Prescribed antibiotics at facility from day 0 to day 5 of antibiotic use

2. The proportion of participants who were prescribed an antibiotic when C-reactive protein concentra-
tions were above and below the 20 mg/L or 40 mg/L threshold

Secondary outcomes

1. The proportion of participants prescribed an antibiotic from day 0 to day 14 at the health facility

2. Self-reported recovery at each follow-up visit

3. Duration and severity of symptoms

4. Frequency of unplanned reconsultation within the 14 days of follow-up, temperature

5. C-reactive protein concentrations at day 5 as objective measures of clinical recovery

6. Serious adverse events, defined as events requiring admission to hospital or death within 14 days of
enrolment

Notes Starting date: June 2016 to August 2017

Contact information: Dr Yoel Lubell, Mahidol-Oxford Tropical Medicine Research Unit, Faculty of Tropi-
cal Medicine, Mahidol University, Bangkok 10400, Thailand yoel.lubell@ndm.ox.ac.uk 

Trial registration: NCT02758821

Althaus 2019 
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Funding: public funding (Wellcome Trust Institutional Strategic Support Fund grant (105605/Z/14/Z)
and Foundation for Innovative New Diagnostics (FIND) funding from the Australian Government)

Kit used: NycoCard II Reader, Axis Shield, Oslo, Norway

CRP measurements: participants from the intervention groups had a capillary blood sample analysed
for CRP on site by the study staH who used a CRP reader. A brief educational video on antimicrobial re-
sistance and CRP was shown to participants in the intervention groups with the intention of ensuring
patients’ understanding of the test. The participants were then provided with a card specifying whether
their CRP concentrations were high or low in relation to their intervention group and referred to the
healthcare provider.

Usual care: healthcare providers were asked to manage febrile participants as per standard of care. A
venous blood sample was collected by study staH, stored at 4 °C, and retrospectively tested for CRP
concentrations.

Adherence to C-reactive protein suggested cut-oHs (20% of participants with C-reactive protein < 20
mg/L were prescribed antibiotics)

Researchers recruited 2410 participants with fever, of whom 803 participants were randomly assigned
to CRP group A (threshold of 20 mg/L), 800 to CRP group B (threshold of 40 mg/L), and 807 to the con-
trol group. In this review we provide information on the number of participants with ARTIs, which are
630, 649, and 626, respectively; information provided by study authors.

Regarding CRP thresholds, a higher proportion of participants with elevated C-reactive protein con-
centrations were prescribed more antibiotics in the intervention groups than in the control group. Con-
versely, in participants with low C-reactive protein concentrations, antibiotic prescription was lower in
the intervention groups than in the control group.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer-generated individual randomisation 1:1:1 ratio carried out by the
trial statistician (MM) using ralloc command in STATA version 14. 

Allocation concealment
(selection bias)

Low risk Numbered, sealed, opaque envelopes used and opened sequentially on site af-
ter participants were enrolled.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Interventions are targeted at the level of the general practitioner. Non-blinded
trial where personnel and participants were aware if the participant was in the
intervention group or control group, though masked to allocation between the
2 intervention groups.

Blinding of outcome as-
sessment (detection bias)
Antibiotic prescribing

Low risk Data on prescribing were recorded independently on site, and the outcome
was assessed centrally.

Blinding of outcome as-
sessment (detection bias)
Secondary outcomes

High risk Assessment of secondary outcome data was carried out at follow-up visit by
non-blinded research staH.

Quote: “Secondary outcomes included the proportion of patients prescribed
an antibiotic from day 0 to day 14 at the health facility. Clinical outcomes in-
cluded patient self-reported recovery at each follow-up visit, duration and
severity of symptoms, frequency of un- planned re-consultation within the 14
days of follow-up, temperature and CRP concentrations at day 5 as objective
measures of clinical recovery, and occurrence of serious adverse events, de-
fined as events requiring admission to hospital or death within 14 days of en-
rolment.”

Althaus 2019  (Continued)
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Incomplete outcome data
(attrition bias)
Antibiotic prescriptions

Low risk Immediate prescribed antibiotic 2410/2410 (100%)

Incomplete outcome data
(attrition bias)
Other outcomes: recovery,
re-consultations, satisfac-
tion

Low risk Information was complete for the antibiotic prescribing within the first 2
weeks but not fully complete for clinical recovery, 2300 for day 5 (95.4%), and
2311 for day 14 (95.9%).

Selective reporting (re-
porting bias)

Low risk Primary and secondary outcomes are reported as per study protocol.

Other bias Unclear risk The authors mention a potential observation bias due to the presence of re-
search staH and a possible contamination effect on prescribing the control
group.

Althaus 2019  (Continued)

 
 

Study characteristics

Methods Non-blinded cluster-RCT, multicentre in 8 general practice offices with a total of 18 doctors in
Arkhangelsk and Murmansk regions, Russia

Participants Inclusion criteria

Adult participants (> 18 years) with index case of lower respiratory tract infection/acute cough for less
than 28 days

Exclusion criteria

Previously seen by GP for infection in question, immunocompromised status, ongoing treatment with
oral corticosteroids

Included in this analysis

179 (48% and 39% were upper respiratory tract infections in intervention and control arm) (number
tested for eligibility not stated)

Interventions Guiding antibiotic decisions in primary care with a single point-of-care measurement of C-reactive pro-
tein

Algorithm used in this study: C-reactive protein level < 20 mg/L, antibiotics usually not needed. C-reac-
tive protein levels > 50 mg/L, antibiotic prescribing could be indicated taking into account the duration
of illness.

Doctors were given training sessions in lower respiratory tract infection/acute cough and C-reactive
protein testing.

Outcomes Primary outcome

1. Antibiotic use within the first 2 weeks after index consultation

Secondary outcomes

1. Reported morbidity after 2 weeks (ordinal data)

2. Chest X-ray referrals (number)

3. Reconsultations (number)

Andreeva 2013 
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4. Complications including hospitalisation (number)

Notes Clinical trials reg. NCT01794819

Clinical recovery was assessed with a 5-point scale at a follow-up visit after 14 days.

Adherence to C-reactive protein suggested cut-oHs (28% of participants with C-reactive protein < 20
mg/L were prescribed antibiotics)

Before-and-after study was simultaneously performed and used as a sensitivity analysis.

Funding: none stated. Kits were provided by manufacturer, and C-reactive protein readers were ac-
quired at a reduced price.

Kit used: the Afinion test system (Axis-Shield, Norway)

Training sessions on the use of C-reactive protein were given over 2 sessions including practical and
theoretical information.

A sample size calculation was performed: "The sample sizes were based on a hypothesis of 20% reduc-
tion in antibiotic prescribing in the intervention group compared to the control group." Power 90% and
false-positive difference < 5%. The sample size of 72 in each group was reached. 20 control participants
from 2 GPs were excluded due to incomplete registrations. Intracluster coefficients were not provided.

Symptom severity was similar between groups, but feeling unwell and experiencing interference with
daily activities was more common in the intervention group. Wheeze and perceived patient preference
for antibiotics occurred more often in the control group.

The primary outcome was number of antibiotic prescriptions, and the study reported a significant re-
duction in the number of antibiotic prescriptions in the intervention arm at index consultation (37.6%
versus 58.9%; P = 0.006) and after 14 days (40.6% versus 71.8%; P < 0.001). Also, the number of referrals
for chest radiography was significantly lower in the C-reactive protein group (P = 0.004). No difference
was seen in reconsultation rates or the recovery rate between groups as determined on follow-up at
day 14 on a 5-point scale (fully recovered; almost recovered; slightly improved; unchanged or worse).
Sensitivity analysis performed as a before-and-after study with 11 of the 18 participating GPs found sig-
nificant reductions due to introduction of C-reactive protein testing.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Cluster-randomisation into 2 groups was performed with GPs as units. Alloca-
tion sequence was performed by computer-generated numbers by second au-
thor.

Allocation concealment
(selection bias)

Unclear risk Individual participant allocation concealment was not performed as the unit
of randomisation was doctors and/or practices. Quote "based on this list [of
clusters] and using the allocations sequence, the first author assigned clusters
to interventions."

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Interventions are targeted at the level of the GP. Cluster-randomisation was
performed at the GP office level. Non-blinded trial where physicians and par-
ticipants knew which treatment modality was used.

Blinding of outcome as-
sessment (detection bias)
Antibiotic prescribing

Low risk Data on antibiotic prescribing were obtained from medical records at end of
study.

Andreeva 2013  (Continued)
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Blinding of outcome as-
sessment (detection bias)
Secondary outcomes

Unclear risk Unclear who (GPs, clinic personnel, or study group) performed this assess-
ment, but participant recovery was determined at a follow-up consultation on
day 14 using a 5-item recovery scale

Incomplete outcome data
(attrition bias)
Antibiotic prescriptions

Low risk Follow-up for antibiotic prescribing and use 179/179 (100%)

Incomplete outcome data
(attrition bias)
Other outcomes: recovery,
re-consultations, satisfac-
tion

Unclear risk Recovery data were available in 176/179 (98%) on day 14. However, there are
inconsistencies in Table 2, as % are calculated on enrolled patients and not on
patients providing data. Data not reported for reconsultations in final publica-
tion but were provided in draP version of published paper. No data collected
on patient satisfaction.

Selective reporting (re-
porting bias)

Low risk Primary outcomes and all secondary outcomes reported are in accordance
with study protocol, but primary outcome not precisely defined (within 14
days). However, data from index consultation and after 14 days provided after
correspondence with investigators.

Other bias High risk Risk of selection bias due to cluster-randomised design. Baseline characteris-
tics identified differences between groups. 20 participants (20%) were omitted
postrandomisation from 2 GPs in the control arm due to incomplete case re-
port forms.

Andreeva 2013  (Continued)

 
 

Study characteristics

Methods Non-blinded cluster-RCT carried out in 11 nursing homes in the Netherlands 

Participants Inclusion criteria 

All somatic, psychogeriatric, and short-stay (geriatric rehabilitation and short-term residential care)
nursing home residents with a suspected lower respiratory tract infection, according to their physi-
cian’s assessment, were eligible for participation. 

Exclusioncriteria 

Current or recent (in the past week) infection or use of antibiotics, or a recorded statement to withhold
antibiotic treatment

Included in this analysis

241 participants (162 in the intervention group, 79 in the control group)

Interventions Guiding antibiotic decisions in primary care with a single point-of-care measurement of C-reactive pro-
tein

2-armed study: 1) usual care in 5 nursing homes; 2) use of C-reactive protein point-of-care test in 6 nurs-
ing homes, based on available evidence and the current Dutch LRTI guideline recommendations: < 20
mg/L, 20 to 60 mg/L, and > 60 mg/L

Outcomes Primary outcomes

1. Antibiotic prescribing at baseline consultation

Secondary outcomes

1. Full recovery at 3 weeks

Boere 2021 
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2. Hospitalisation

3. Mortality

4. Changes in the antibiotic management and additional diagnostics during follow-up at 1 and 3 weeks

5. Use of additional diagnostics including repeated C-reactive protein tests

Notes Starting date: 2018 to the end of March 2020

Contact information: LW van Buul l.vanbuul@amsterdamumc.nl, Department of General Practice & Old
Age Medicine, Amsterdam Public Health Research Institute, Amsterdam University Medical Center, lo-
cation VU University Medical Center, Amsterdam, the Netherlands

Trial registration: Netherlands Trial Register (trial No NL5054)

Funding: Public. Grant from The Netherlands Organisation for Health Research and Development (Zon-
Mw)

Kit used: QuikRead Go C-reactive protein, Aidian, Espoo, Finland

Training session: experts from the primary care laboratory provided the technical training. The CRP
POCT devices were installed to enable the trained group to immediately start familiarising themselves
with CRP POCT in routine practice. During the trial, decisions on the use and interpretation of CRP
POCT were informed by the medical training knowledge and guideline recommendations, but re-
mained at the discretion of the physicians.

Adherence to C-reactive protein suggested cut-oHs (6.38% of participants with C-reactive protein < 20
mg/L were prescribed antibiotics)

A 2-phase informed consent process was used. The first phase allowed all residents to opt out of par-
ticipation. In the second phase, physicians asked for written informed consent only from patients who
were eligible for participation, during or shortly after initial consultation. The physician asked the pa-
tient’s representative for consent if the patient definitely did not have decision-making capacity. De-
ferred consent (informed consent requested after the use of CRP POCT) was obtained when the patient
was critically ill or the patient’s representative was not available during the initial consultation.

Intervention group doctors received a medical training session from the research team in the correct
use and interpretation of C-reactive protein, based on available evidence and the current Dutch LRTI
guideline recommendations: < 20 mg/L, 20 to 60 mg/L, and > 60 mg/L. A select group of physicians and/
or nurses from each nursing home received technical training in use of CRP POCT devices by experts
from the primary care laboratory.

The sample size calculation that adjusted for an intracluster correlation coefficient of 0.06 and resulted
in a total of 671 participants

The main analysis was performed using intention-to-treat analysis.

Intracluster correlation coefficient was calculated (0.175), and sizes of clusters were 6 for intervention
group and 5 for the usual care group.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Simple randomisation procedure with a 1:1 ratio 

Allocation concealment
(selection bias)

Unclear risk Individual participant allocation concealment was not performed, as the unit
of randomisation was nursing homes.

Blinding of participants
and personnel (perfor-
mance bias)

High risk Interventions are targeted at the level of the general practitioner. Non-blinded
trial where participants and personnel knew if C-reactive protein levels were
used for guidance of antibiotic treatment

Boere 2021  (Continued)
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All outcomes

Blinding of outcome as-
sessment (detection bias)
Antibiotic prescribing

Low risk Data on antibiotic prescribing were obtained from case report forms.

Blinding of outcome as-
sessment (detection bias)
Secondary outcomes

High risk Outcome assessment carried out by healthcare personnel who were not blind-
ed to intervention. Data on antibiotic prescribing were obtained from medical
records at day 7 and day 21.

Incomplete outcome data
(attrition bias)
Antibiotic prescriptions

Low risk Follow-up for antibiotic prescribing was nearly complete: 241/242.

Incomplete outcome data
(attrition bias)
Other outcomes: recovery,
re-consultations, satisfac-
tion

High risk A total of 22 participants in the intervention group (13.6%) and 3 participants
in the control group dropped out for recovery. Unbalanced dropout percent-
ages in the 2 groups

Selective reporting (re-
porting bias)

Low risk Outcomes correspond to study protocol.

Other bias High risk Risk of selection bias present due to lack of individual randomisation.

Boere 2021  (Continued)

 
 

Study characteristics

Methods Non-inferiority, open-label, randomised controlled trial carried out in 86 general medical practices in
the UK

Participants Inclusion criteria 

40 years of age or older; diagnosis of COPD in their primary care clinical record; presenting with an
acute exacerbation of COPD with at least 1 of AECOPD criteria (with at least 1 of: increased dyspnoea,
increased sputum volume, increased sputum purulence), between 24 hours and 21 days duration, and
informed, written consent

Exclusioncriteria 

Urgent hospital admission; had severe illness (e.g. suspected pneumonia, tachypnoea > 30 breaths per
minute); had a concurrent infection at another site (e.g. urinary tract infection); had a past history of
respiratory failure or mechanical ventilation; were currently taking antibiotics or had already taken an-
tibiotics for this AECOPD; had an active inflammatory condition; had cystic fibrosis, tracheostomy, or
bronchiectasis; were immunocompromised; pregnancy; previously participated in the study

Included in this analysis

649 (325 in the intervention group and 324 in the control group)

Interventions Guiding antibiotic decisions in primary care with a single point-of-care measurement of C-reactive pro-
tein

2-armed study: 1) usual care; 2) use of C-reactive protein point-of-care test

Algorithm used in this study

Butler 2019 
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Participants with a CRP level lower than 20 mg/L, antibiotics are unlikely to be beneficial and usually
should not be prescribed; for those with a CRP level from 20 to 40 mg/L, antibiotics may be beneficial,
mainly if purulent sputum is present; and for those with a CRP level higher than 40 mg/L, antibiotics are
likely to be beneficial 

Outcomes Primary outcomes

1. Patient-reported antibiotic use for an acute exacerbation of COPD within 4 weeks after randomisation

2. COPD-related health status, as measured by the Clinical COPD Questionnaire at 2 weeks after ran-
domisation

Secondary outcomes

1. The prevalence of potentially pathogenic and resistant pathogens in sputum and commensal organ-
isms in the throat

2. Other assessments of COPD-related health status, as measured by the Clinical COPD Questionnaire

3. Antibiotic use for any cause during the first 4 weeks of follow-up

4. Antibiotic prescribing during the first 4 weeks of follow-up

5. Use of other treatments for COPD

6. Adverse effects of antibiotics

7. Healthcare utilisation

8. Health utility, as measured by the EQ-5D-5L

9. General health status, as measured by the EQ-5D visual analogue scale (scores range from 0 to 100,
with higher scores indicating better health status)

10.Disease-specific health-related quality of life, as measured by the CRQ-SAS across 4 domains (dysp-
noea, fatigue, emotional functioning, and mastery)

Notes Starting date: January 2015 to September 2017

Contact information: Christopher C. Butler, the NuHield Department of Primary Care Health Sciences,
University of Oxford, christopher.butler@phc.ox.ac.uk

Trial registration: ISRCTN24346473

Public funding (funded by the National Institute for Health Research Health Technology Assessment
Programme). StaH members at the GPs were trained in the use, care, and calibration of the devices
by representative of Alere (at no cost to the trial or to the practices) or by members of the trial team.
Quote: "The company had no role in the design of the trial; in the accrual, analysis, or interpretation of
the data; or in the preparation of the manuscript.”

Kit used: Afinion desktop devices for CRP point-of-care testing (Alere, now Abbott)

Adherence to C-reactive protein suggested cut-oHs (32.8% of participants with C-reactive protein < 20
mg/L were prescribed antibiotics)

Sample size calculation: Quote ”… to detect a 15% absolute reduction from an estimated 70% of pa-
tients consuming antibiotics for AECOPD during the four weeks following randomization. Detecting a
difference in proportions between 0.70 and 0.55 at the 5% significance level and with 90% power re-
quires a total of 434 participants, inflated to 544 to account for loss 20% to follow-up.”

Clinicians were provided with guidance on the interpretation of CRP test results emphasising that deci-
sions about antibiotic prescribing should be based on a comprehensive assessment of likely risks and
benefits, given a patient’s underlying health status and clinical features.

Risk of bias

Bias Authors' judgement Support for judgement

Butler 2019  (Continued)
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Random sequence genera-
tion (selection bias)

Low risk Computer-generated individual randomisation 1:1:1 ratio carried out by the
Centre for Trials Research at CardiH University. The number of Anthonisen cri-
teria was used as a minimisation variable with a random element set at 80%.

Allocation concealment
(selection bias)

Low risk From the published protocol: "Remote allocation will maintain allocation con-
cealment from both the participant and the recruiting clinician up to the point
of intervention, as this is an open study"

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Interventions are targeted at the level of the GP. Non-blinded trial where par-
ticipants and personnel knew if C-reactive protein levels were used for guid-
ance of antibiotic treatment.

Blinding of outcome as-
sessment (detection bias)
Antibiotic prescribing

Low risk Data on antibiotic prescribing were obtained from case report forms regis-
tered by the clinicians after randomisation.  

Blinding of outcome as-
sessment (detection bias)
Secondary outcomes

High risk Secondary variables were registered by the clinicians themselves after ran-
domisation on the case report form. Follow-up visits were carried out non-
blinded by clinicians.

Incomplete outcome data
(attrition bias)
Antibiotic prescriptions

Low risk Immediate prescribed antibiotic 648/649

Quote: ”The antibiotic prescribing decisions made by clinicians at the initial
consultation were ascertained for all but 1 patient, and antibiotic prescriptions
issued over the first 4 weeks of follow-up were ascertained for 96.9% of the pa-
tients.”

Incomplete outcome data
(attrition bias)
Other outcomes: recovery,
re-consultations, satisfac-
tion

High risk Follow-up data on reconsultation and recovery were 282/325 (86.7%) in the in-
tervention group and 283/324 (87.3%) in the control group. 

Selective reporting (re-
porting bias)

Low risk Outcomes correspond to study protocol.

Other bias Low risk -

Butler 2019  (Continued)

 
 

Study characteristics

Methods Non-blinded, cluster-randomised (practice level) clinical trial, multicentre in 20 primary care practices
in the Netherlands

Participants Inclusion criteria

Adults (> 18 years) with suspected lower respiratory tract infection (cough < 4 weeks, + 1 focal and + 1
systemic symptom or sign)

Exclusion criteria

Aged under 18 years, current antibiotic use or usage within previous 2 weeks. Hospitalisation in past 6
weeks, non-fluent in Dutch, previous participation in the study and the need for immediate hospitalisa-
tion

Cals 2009 
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Included in this analysis

431 participants with lower respiratory tract infection, 110 C-reactive protein; 84 communication skills
training; 117 C-reactive protein + communication skills training; 120 control. Total of 227 C-reactive
protein group versus 204 no-test group

Interventions Guiding antibiotic decisions in primary care with a single point-of-care measurement of C-reactive pro-
tein, communication skills training, or a combination thereof

Algorithm used in this study: recommended cut-oH values: participants with C-reactive protein levels
lower than 20 mg/L: bacterial infection was considered highly unlikely and antibiotic prescribing was
discouraged. Participants with C-reactive protein levels higher than 100 mg/L: bacterial infection was
considered likely and immediate antibiotic prescribing was recommended. Participants with C-reactive
protein levels between 20 and 99 mg/L: delayed prescribing was recommended.

Physician could deviate from algorithm at any time.

Outcomes Primary outcome

1. Antibiotic prescribing at index consultation

Secondary outcomes

1. Antibiotic use (any use for current infection) in 28 days

2. Number of additional consultations

3. Patient satisfaction: number of patients at least very satisfied; number with intent to return in future
if similar symptoms develop

4. Enablement (median score)

5. Clinical recovery: number of patients recovered on day 7; median of symptom scores per day; median
reported time to full recovery

Notes Trial registration: ISRCTN85154857

Cluster-randomised at practice level as general practitioners trained in communication skills were un-
able to shiP at random between using new skills and usual care

8-week run-in to enable familiarisation

Participant diary to assess clinical recovery

Funding: public

Kit used: Nycocard II Reader (Axis-Shield, Norway)

4 groups were compared: C-reactive protein testing (1), communication training (2), communication
training and C-reactive protein testing (3) and usual care (4). A factorial analysis plan was prespecified:
C-reactive test (cells 1 + 3) compared with no test (cells 2 + 4) whilst controlling for the effect of commu-
nication training. No statistically significant interaction (P = 0.78) was found between the interventions.
Half an hour of guidance and training on the use of C-reactive protein testing in the consultation was
given by the study team, including C-reactive protein cut-oH values for recommending or withholding
antibiotic treatment. An 8-week run-in period to ensure familiarisation with the C-reactive protein test
was done prior to recruitment. Sample size calculations allowed for detection of a reduction in antibi-
otic use from 80% to 60% (power 80%, follow-up 90%), and target inclusion (400) was reached. Clini-
cal recovery was assessed by a 28-day diary (on day 4, 14, and 28 a postcard or telephone reminder was
sent to ensure completion of diaries). Primary analysis was intention-to-treat.

A significantly reduced use of antibiotics was found in the C-reactive protein group at index consulta-
tion (RR 0.58, 95% CI 46 to 0.74) and day 28 (RR 0.77, 95% CI 0.64 to 0.93). No difference in patient re-
covery rate was observed at day 7 or day 28. Participant satisfaction and number of reconsultations
was comparable between groups.

Cals 2009  (Continued)
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Intracluster coefficients provided. Significant differences between auscultation abnormalities in the 2
groups. Sensitivity analysis showed no differences in previous antibiotic treatment of subsample (14
general practitioners), but participants enrolled in study were younger than registered patients.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Practices were randomised by a computer program balancing for recruitment
potential. Random permuted blocks of 4 were generated.

Allocation concealment
(selection bias)

Unclear risk Individual participant allocation concealment was not performed as the unit
of randomisation was doctors or practices, or both. No information on how
doctors were allocated into the generated groups was provided.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Interventions are targeted at the level of the general practitioner. Cluster-ran-
domised at practice level as general practitioners trained in communication
skills were unable to shiP at random between using new skills and usual care

Non-blinded trial where physicians and participants knew which treatment
modality was used

Blinding of outcome as-
sessment (detection bias)
Antibiotic prescribing

Low risk Data on antibiotic prescribing and reconsultations were obtained from med-
ical records after 28 days.

Blinding of outcome as-
sessment (detection bias)
Secondary outcomes

Low risk Data on antibiotic prescribing were obtained from medical records at day 28.
Participant reminders (phone or mail) to complete the diary were sent on day
4, 14, 28.

Incomplete outcome data
(attrition bias)
Antibiotic prescriptions

Low risk Follow-up for antibiotic prescribing: C-reactive protein versus control 431/431
(100%)

Incomplete outcome data
(attrition bias)
Other outcomes: recovery,
re-consultations, satisfac-
tion

Low risk Participant recovery assessed as median scores of illness duration and median
daily symptom scores provided, but it was not possible to calculate substantial
improvement at specific time points. Follow-up for reconsultations and partic-
ipant satisfaction ranged from 88% to 93%.

Selective reporting (re-
porting bias)

Low risk Outcomes correspond to study protocol.

Other bias High risk Risk of selection bias due to lack of individual randomisation

Cals 2009  (Continued)

 
 

Study characteristics

Methods Open randomised clinical trial, multicentre in 11 primary care practices in the Netherlands

Participants Inclusion criteria

Adult (> 18 years) with index case of:

1. lower respiratory tract infection (cough < 4 weeks, + 1 focal and + 1 systemic symptom or sign);

2. rhinosinusitis < 4 weeks, + 2 symptoms or signs.

Cals 2010 
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Exclusion criteria

Aged under 18 years, antibiotic use or hospitalisation within the previous 14 days, non-fluent in Dutch,
immunocompromised status or need for immediate hospitalisation

Included in this analysis

258 (107 lower respiratory tract infection, 151 rhinosinusitis) out of 258 randomised participants (test-
ed for eligibility 270). Follow-up 100% on primary outcome

Interventions Guiding antibiotic decisions in primary care with a single point-of-care measurement of C-reactive pro-
tein

Algorithm used in this study: recommended cut-oH values: participants with C-reactive protein levels
lower than 20 mg/L: bacterial infection was considered highly unlikely and antibiotic prescribing was
discouraged. Participants with C-reactive protein levels higher than 100 mg/L: bacterial infection was
considered likely and immediate antibiotic prescribing was recommended. Participants with C-reactive
protein levels between 20 and 99 mg/L: delayed prescribing was recommended

Physician could deviate from algorithm at any time.

Outcomes Primary outcome

1. Antibiotic use (delayed + immediate) at index consultation

Secondary outcomes

1. Antibiotic use (any use for current infection) in 28 days

2. Number of additional consultations

3. Participant satisfaction: number of participants at least very satisfied; number with intent to return
in future if similar symptoms develop

4. Enablement (median score)

5. Clinical recovery: number of participants recovered on day 7; median of symptom scores per day;
median reported time to full recovery

Notes Netherlands national trials register (NTR 1112)

Intention-to-treat analysis

Funding: Orion Diagnostica Espoo, Finland

The C-reactive protein test was performed by nurses and made available to the general practitioner to
be used in addition to clinical assessment. Practice nurses were instructed in the use of C-reactive pro-
tein testing, and a 30-minute practice-based seminar on the use of C-reactive protein and C-reactive
protein cut-oH values for immediate antibiotics, delayed antibiotics, or withhold antibiotic treatment
was given by the study team. A 4-week run-in period was done prior to start of inclusion to allow for fa-
miliarisation with the C-reactive protein test.

A sample size calculation was performed to allow detection of a 20% reduction with a power of 80%, al-
lowing for a 5% loss to follow-up, resulting in a total of 200 participants to be recruited.

Clinical recovery was measured by a patient diary to be completed for the first 7 days. Participants not
recovered by day 7 were followed up by phone interview on day 14 or 28.

Study results indicated a significant reduction in the number of antibiotic prescriptions in the C-reac-
tive protein group at index consultation (RR 0.77, 95% CI 0.56 to 0.98) and at 28 days (RR 0.81, 95% CI
0.62 to 0.99). This effect was primarily due to fewer fillings of delayed prescriptions. Clinical recovery
rates were similar across groups. Patient satisfaction was more pronounced in the C-reactive protein
group (P = 0.03).

Sensitivity analysis was performed to evaluate clustering by way of a multilevel analysis. The effect size
remained significant. Baseline characteristics were balanced.

Cals 2010  (Continued)
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Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomisation by "remote independent research team, using permuted block
randomisation to ensure similar enrolment in both groups."

Allocation concealment
(selection bias)

Low risk Sequentially numbered, opaque, sealed envelopes (SNOSE). Different block
sizes were chosen to prevent the allocation sequence from being anticipated.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Non-blinded trial where physicians and participants knew if C-reactive protein
levels were used for guidance of antibiotic treatment. C-reactive protein levels
were only communicated in the intervention arm. In 13 participants allocated
to the control arm, the C-reactive protein level was revealed after the consul-
tation. In 1 case the C-reactive protein level of a participant in the control arm
was revealed to the physician with no implications for the management. The
impact of using C-reactive protein levels to guide antibiotic prescribing was
the intervention being tested and as such could not be blinded.

Blinding of outcome as-
sessment (detection bias)
Antibiotic prescribing

Low risk Data on antibiotic prescribing and reconsultations was obtained from elec-
tronic medical records accessed on day 28. Participant-reported outcomes
were assessed by clinical diaries, and: "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."

Blinding of outcome as-
sessment (detection bias)
Secondary outcomes

Low risk Reconsultations documented from electronic medical records on day 28. Par-
ticipants not recovered at day 7 (when diary was handed in) were contacted by
the research team by telephone on day 14 and day 28.

Incomplete outcome data
(attrition bias)
Antibiotic prescriptions

Low risk Follow-up for antibiotic prescribing and use 258/258 (100%)

Incomplete outcome data
(attrition bias)
Other outcomes: recovery,
re-consultations, satisfac-
tion

Low risk Recovery was assessed at day 7 (243/258; 94%), also assessed as median
scores of illness duration, and median daily symptom scores provided. Recon-
sultation data were complete. Participant-reported outcomes were available
on recovery and satisfaction in the range of 91% to 97%.

Selective reporting (re-
porting bias)

Low risk Outcomes correspond to study protocol.

Other bias Low risk -

Cals 2010  (Continued)

 
 

Study characteristics

Methods Open randomised clinical trial, multicentre in 35 single-handed primary care practices in Denmark

Participants Inclusion criteria

All patients with index case of respiratory infection

Exclusion criteria

Diederichsen 2000 
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Previously seen by general practitioner for infection in question, patients who had streptococcal rapid
testing performed, patients with chronic inflammatory diseases

Included in this analysis

812 (30 acute otitis media, 129 rhinosinusitis, 507 chest, 102 other) out of 812 randomised participants
(number of participants tested for eligibility not stated)

Interventions Guiding antibiotic decisions in primary care with a single point-of-care measurement of C-reactive pro-
tein

Algorithm used in this study: strict cut-oH values were not given, but information was provided that a
normal C-reactive protein level was below 10 mg/L, and that C-reactive protein levels below 50 mg/L
were seldom the result of bacterial infection

Outcomes Primary outcome

1. Antibiotic use at index consultation

Secondary outcome

1. Patient-reported morbidity after 1 week

Notes No strict inclusion and exclusion criteria but dependent on physician's opinion, may lack generalisabil-
ity

Kit used: Nycocard II Reader (Axis-Shield, Norway). On-site training in the use of CRP device provided
by manufacturer.

Funding: none stated

It is unclear when and how the C-reactive protein values were made available to the doctors. No direct
recommendations of antibiotic treatment according to a C-reactive protein cut-oH value were given,
but normal values were communicated to GPs (< 11 mg/L) and that results < 50 mg/L seldom were the
result of bacterial infection

A sample size calculation was not described.

Clinical recovery was assessed by a self-reported questionnaire chart that was returned to the project
leader after 7 days.

No significant difference in the use of antibiotic prescriptions was found; children and adults combined
(RR 0.94, 95% CI 0.80 to 1.09). Clinical improvement on day 7 in the C-reactive protein group stated "un-
changed or increased morbidity" more frequently than controls (OR 1.6, 95% CI 1.0 to 2.6). This was es-
pecially the case for participants not prescribed antibiotics and with normal C-reactive protein values
(OR 2.2, 95% CI 1.1 to 4.4). 25% (57/233) of participants with C-reactive protein < 11 mg/L received an-
tibiotic treatment, as did 51% (50/98) of participants with values between 11 mg/L and 25 mg/L.

We obtained raw data to calculate participants substantially improved on day 7. We also attempted
to include data from 7-day antibiotic description (authors state that no added antibiotic consump-
tion was noted), however even with raw data it was not possible to be entirely sure which data to in-
clude; we have done an analysis including the presumed antibiotic use at 7 days (CRP 190/407 versus
186/384); an extra 13 scripts in the 7 days which did not change the interpretation of the meta-analysis
on antibiotic use at day 28 (OR 0.85, 95% CI 0.73 to 0.98), I2 = 47%.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk No information given on the randomisation process in publication. Authors
state randomisation was adequately done using a computer program.

Diederichsen 2000  (Continued)
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Allocation concealment
(selection bias)

Unclear risk Quote: "each patient drew one of 34 pre-randomised sealed envelopes..."

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Non-blinded trial where physicians and participants knew if C-reactive protein
levels were used for guidance of antibiotic treatment. The impact of using C-
reactive protein levels to guide antibiotic prescribing was the intervention be-
ing tested and as such could not be blinded.

Blinding of outcome as-
sessment (detection bias)
Antibiotic prescribing

Unclear risk Registration and consent chart sent to project leader with details on treatment
from index consultation.

Blinding of outcome as-
sessment (detection bias)
Secondary outcomes

Low risk Participants handed in diary on day 7. Participants with missing or incomplete
diaries were contacted by research team by telephone or letter on day 14.

Incomplete outcome data
(attrition bias)
Antibiotic prescriptions

Low risk Follow-up for antibiotic prescribing at index consultation 812/812 participants
(100%). Antibiotic use at day 7 was assessed but not provided in publication.
Quote: "No statistically significant differences were found."

Incomplete outcome data
(attrition bias)
Other outcomes: recovery,
re-consultations, satisfac-
tion

Low risk Participant-reported outcomes of recovery day 7 were available in 792/812
participants (98%). Reconsultation data not provided in publication, but: "No
statistically significant differences were found." Satisfaction was not assessed.

Selective reporting (re-
porting bias)

Unclear risk No study protocol available

Other bias Unclear risk Recruitment was not strictly regulated, but baseline characteristics of partic-
ipants were balanced. Quote: "Each day during the study period the first or
the first 2 patients, whichever was more practical, who consulted the general
practitioner because of respiratory infection were asked to participate in the
study." This limits externalisation of results.

Diederichsen 2000  (Continued)

 
 

Study characteristics

Methods Multicentre, open-label, randomised controlled trial conducted in Northern Vietnam in 10 primary
healthcare centres

Participants Patients aged 1 to 65 years of age presenting with non-severe acute respiratory tract infection

Inclusion criteria 

At least 1 focal and 1 systemic sign or symptom by the treating physician. 

1. Focal signs: cough, rhinitis, pharyngitis, shortness of breath, wheezing, chest pain, and auscultation
abnormalities

2. Systemic signs and symptoms: fever, perspiration, headache, myalgia, and feeling generally unwell

Exclusioncriteria 

1. Sign of severe ARTI

Included in this analysis

Do 2016 
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2036 (1017 in intervention group, 1019 in the control group)

Interventions Guiding antibiotic decisions in primary care with a single point-of-care measurement of C-reactive pro-
tein

2-armed study: 1) usual care; 2) use of C-reactive protein point-of-care test

Algorithm used in this study

The cutoffs used to recommend that antibiotics not be prescribed were a CRP of 20 mg/L or less for
participants aged 6 to 65 years, and a CRP of 10 mg/L or less for participants aged to 5 years. 

Doctors were advised that adults with a CRP of 100 mg/L or more and children with a CRP of 50 mg/L
or more should generally receive antibiotics and hospital referral should be considered. Between these
thresholds no specific recommendation was given, and clinicians were advised to use their clinical dis-
cretion.

Outcomes Primary outcomes

1. Number of patients receiving any antibiotic within 2 weeks of enrolment

Secondary outcomes

1. Antimicrobial activity in urine (day 3, 4, or 5)

2. Proportion of participants with immediate antibiotic prescription at enrolment

3. Any antibiotic usage in patients without immediate prescription

4. Prescriptions on the second visit in participants without an immediate antibiotic prescription

5. Source of any antibiotic taken but not prescribed at enrolment or follow-up (self-medication, drug
seller, doctor, or other)

6. The frequency of reconsultations

7. Serious adverse events (hospital admission or death)

8. Time to resolution of symptoms

9. Reported patient satisfaction on day 14 (measured on a scale from 0 to 9); participants with satisfac-
tion score > 5 were considered satisfied

Notes Starting date: March 2014 to July 2015

Contact information: Prof Heiman FL Wertheim, Department of Medical Microbiology, Radboudumc,
Nijmegen, the Netherlands, heiman.wertheim@gmail.com

Trial registration number: NCT01918579

Funding: public (Wellcome Trust Major Overseas Programme, UK, and the Center for Disease Dynamics,
Economics and Policy (CDDEP), Washington, DC, USA, as part of the Global Antibiotic Resistance Part-
nership (GARP)). Alere Technologies (Ais Sheield); providing reagents and equipment for CRP testing

Adherence to C-reactive protein suggested cut-oHs (35% of participants with C-reactive protein < 20
mg/L were prescribed antibiotics), but was setting-specific: "For patients aged 6–65 years with a CRP
value at day 0 of 20 mg/L or less, the immediate antibiotic prescription rate ranged from three (4%) of
75 patients (in Sai Dong station) to 49 (71%) of 69 patients (in Dong Da station)."

Kit used: Nycocard analyser (Nycocard II Reader, Alere Technologies, Norway)

Training session: an initial training workshop was held centrally. Further training was implemented on
site during visits at the 10 health centres by the study team. Training followed a model developed for
a similar study in Maastricht, Netherlands, contextualised to the Vietnamese setting and carried out in
Vietnamese. Training materials were both verbal and written, consisting of oral presentations and writ-
ten information leaflets for the doctors and health centres to keep for future reference. The health cen-
tres and doctors were given a telephone number to contact should any queries arise during the study.
Laminated posters and desk reminders with recommended cut-oH values for the specific age groups
were provided.

Do 2016  (Continued)
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Sample size calculations: the trial was powered to detect a reduction of antibiotic prescription rate
from 70% to 60%, based on antibiotic use data from communities in Vietnam. With a power of 90% and
2-sided 5% significance, a total of 477 participants were required per arm. To analyse adults and chil-
dren separately, the target sample size was set at 2000 participants (50% children and 50% adults).

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer-generated individual randomisation 1:1 ratio using variable block
lengths of 4 (with probability 0.75) and 6 (with probability 0.25), and stratified
by health station and age category (child and adult)

Allocation concealment
(selection bias)

Low risk Numbered, sealed, opaque envelopes used and opened in strict chronological
sequence.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Interventions are targeted at the level of the general practitioners. Non-blind-
ed trial where personnel and participants were aware if the participant was in
the intervention group or control group 

Blinding of outcome as-
sessment (detection bias)
Antibiotic prescribing

Low risk Data on antibiotic prescribing were obtained from case report forms after in-
dex consultation. 

Blinding of outcome as-
sessment (detection bias)
Secondary outcomes

Low risk Reconsultations, recovery, and satisfaction were obtained through telephone
interviews, blinded to the intervention.

Incomplete outcome data
(attrition bias)
Antibiotic prescriptions

High risk A total of 115 of 1017 (11%) participants assigned to the intervention group
and 72 of 1019 (7%) participants assigned to the control group had missing da-
ta on antibiotic prescribing.

Incomplete outcome data
(attrition bias)
Other outcomes: recovery,
re-consultations, satisfac-
tion

Unclear risk Data on satisfaction were reported in 1091 of 2036 (53.6%) participants. 

Selective reporting (re-
porting bias)

Low risk Outcomes correspond to study protocol. The authors carried out post hoc
analysis due to heterogeneity in the primary endpoint. 

Quote: “However, for the primary outcome, we also did an additional, alter-
native analysis based on multiple imputation of outcomes for those patients.
Moreover, the analysis of the primary endpoint was repeated in the per-proto-
col population that included only patients for whom all components of the pri-
mary endpoint as mentioned above were non-missing. Because we saw con-
siderable heterogeneity in the primary endpoint between health-care centres,
we decided post hoc to visualise results by site using forest plots and to do a
standard random effects meta-analysis…”

Other bias Low risk -

Do 2016  (Continued)
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Methods Non-blinded cluster-RCT in 60 primary care practices in Switzerland

Participants Inclusion criteria

Adults above 18 years of age with acute cough < 21 days and at least 1 of the following signs/symptoms:
history of fever for more than 4 days, dyspnoea, tachypnoea (> 22 cycles per minute), abnormal focal
findings upon lung auscultation

Exclusion criteria

Previous prescription of antibiotics for the current episode; working diagnosis of acute sinusitis or of a
non-infective disorder; previous episode of chronic obstructive pulmonary disease exacerbation treat-
ed with antibiotics during the last 6 months; known pregnancy; severe immunodeficiency (untreat-
ed HIV infection with CD4 count < 200 cells/mm3, solid organ transplant receiver, neutropenia (< 1000
cells/µL), treatment with a corticosteroid dose equivalent to 20 mg prednisone/day for > 28 days); deci-
sion by the GP to admit the participant; GP not available for performing study due to time constraints;
patient unable to provide informed consent

Interventions Guiding antibiotic decisions in primary care with point-of-care biomarker measurement of procalci-
tonin and point-of-care lung ultrasonography

3-armed study: 1) usual care; 2) procalcitonin-guided antibiotics (PCT group); 3) sequential procalci-
tonin and lung ultrasonography point-of-care tests (UltraPro group)

Outcomes Primary outcome 

1. Proportion of patients in each group prescribed an antibiotic by day 28

Secondary outcomes

1. Antibiotic prescription at day 0 and by day 7

2. Clinical failure by day 7 (defined as admission to hospital, death, or absence of improvement of fever
and/or dyspnoea)

3. Severe adverse outcome by day 28 (defined as admission to hospital or death)

4. Duration of restricted activities due to the lower respiratory tract infection within 14 days

5. Duration of the lower respiratory tract infection episode (based on a total symptoms score reported
by patients) within 28 days

6. Antibiotics side effects

7. Chest radiograph at the initial consultation

8. Follow-up medical visits for the episode of lower respiratory tract infection by day 28

9. Patient-reported satisfaction with clinical management at day 7

Notes Starting date: September 2018 to March 2020

Contact information: Nóemi Boillat-Blanco, Infectious Diseases Service, Lausanne University Hospital,
Lausanne, Switzerland; noemie.boillat@chuv.ch

Trial registration: NCT03191071

Funding: public. Supported in part by the Swiss National Science Foundation (grant 407240_167133)
and by an academic award of the Leenaards Foundation (to NB-B)

Kit used: BRAHMS PCT direct point-of-care test. They provided the BRAHMS direct Reader, BRAHMS PCT
direct tests, and quality controls free of charge.

Training session: GPs in the UltraPro and PCT arms participated in a half-day training session. Topics
included antibiotic resistance, epidemiology of pneumonia in Switzerland, management of CAP in pri-
mary care, the use of PCT and lung ultrasound to guide antibiotic prescription, the rationale for the Ul-
traPro algorithm, and the procedures of the study. GPs in the UltraPro arm also received sessions in ul-
trasound physics, ultrasound equipment, probe positioning, image recording and interpretation using
a phantom simulator. 

Lhopitallier 2021  (Continued)
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The algorithm recommended prescribing antibiotics only in the presence of an elevated procalcitonin
(≥ 0.25 μg/L). In all groups, antibiotic choice, dose, and duration were leP to the discretion of the GPs,
who could also order further diagnostic tests. Adherence to procalcitonin cut-oHs: 77 participants with
levels < 0.25 received antibiotics on day 0 (out of 283) in the 2 intervention groups.

Researchers expected to recruit 600 participants, but they only recruited 469 participants due to the
COVID-19 outbreak: usual care (n = 122), procalcitonin-guided antibiotics (n = 195), and sequential pro-
calcitonin and lung ultrasonography point-of-care tests (UltraPro) (n = 152). Participants included in
the protocol analysis: 114, 163, and 131, respectively

Sample size calculation: assumed 60% of participants would receive antibiotics with usual care. Ex-
pected an absolute difference in antibiotic prescriptions of at least 15% between procalcitonin group
and UltraPro group. A study sample of 60 general practitioners and a mean of 10 participants per gen-
eral practitioners (200 participants per group for a total of 600 participants) gives a power of 80% to de-
tect the expected difference in antibiotic prescription with 5% level of significance when adjusting for
clustering at practice level.

Intracluster correlation coefficient: 0.06

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer-generated randomisation list assigned at a 1:1:1 ratio between
arms.

Allocation concealment
(selection bias)

Unclear risk Individual participant allocation concealment was not performed as unit of
randomisation was practices.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Interventions are targeted at the level of the general practitioner. Non-blinded
trial where participants and personnel knew if C-reactive protein levels were
used for guidance of antibiotic treatment

Blinding of outcome as-
sessment (detection bias)
Antibiotic prescribing

Low risk Data on antibiotic prescribing were obtained from electronic case report
forms.

Blinding of outcome as-
sessment (detection bias)
Secondary outcomes

Low risk Outcome assessment carried out by a blinded research member. Members of
the study team, blinded to study group, conducted standardised phone inter-
views of all participants on day 7. Participants were asked to fill a previously
validated daily symptom diary until resolution of symptoms or day 28.

Incomplete outcome data
(attrition bias)
Antibiotic prescriptions

Low risk Follow-up for antibiotic prescribing was nearly complete: 420/443.

Incomplete outcome data
(attrition bias)
Other outcomes: recovery,
re-consultations, satisfac-
tion

Low risk Participant satisfaction completed in 119/122 (usual care) and 189/195 (pro-
calcitonin).

Selective reporting (re-
porting bias)

Low risk Outcomes correspond to study protocol.

Other bias High risk Risk of selection bias present due to lack of individual randomisation.

Lhopitallier 2021  (Continued)
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Study characteristics

Methods Non-blinded cluster-randomised (practice level) clinical trial, multinational with 246 primary care prac-
tices in Spain, England, Wales, Poland, Belgium, the Netherlands

Participants Inclusion criteriafor practices 

No prior participation in interventions to reduce antibiotic use; recruited more than 10 patients in the
baseline audit

Inclusion criteriaforpatients

Adults (18 years or older) with LRTI or URTI.

1. Lower respiratory tract infection consulting for the first time with acute cough (up to 28 days dura-
tion) as the main symptom, or alternatively where cough was not the most prominent symptom (e.g.
fever, malaise), but where the clinician considered acute LRTI to be the main diagnosis. Pneumonia
was not an exclusion criterion

2. Upper respiratory tract infection consulting for the first time and judged by the physician to be an-
other acute respiratory infection (sore throat, otitis media, sinusitis, influenza and/or coryzal illness)

Exclusioncriteriafor patients

A non-infective working diagnosis (e.g. pulmonary embolus, heart failure, oesophageal reflux, allergy);
antibiotic use in the previous month; unable to provide informed consent (dementia, psychosis, severe
depression); pregnant; immunological deficiencies

Patients with lower respiratory tract infection (up to the first 30 presenting in each practice) and upper
respiratory tract infection (up to the first 5 presenting) were recruited following informed consent.

Included in this analysis

4264 participants at follow-up: 2224 to the C-reactive protein group versus 2040 to the no-test group

80% of participants had lower respiratory tract infections, whilst the remainder had upper respiratory
tract infections.

Interventions Guiding antibiotic decisions in primary care with a single point-of-care measurement of C-reactive pro-
tein, communication skills training, or a combination thereof

Algorithm used in this study: recommended cut-oH values: C-reactive protein ≤ 20 mg/L: self-limiting
ARI, withhold antibiotics; C-reactive protein 21 to 50 mg/L: majority of patients have self-limiting ARI,
withhold antibiotics in most cases; C-reactive protein 51 to 99 mg/L: withhold antibiotics in the majori-
ty of cases and consider delayed antibiotics in the minority of cases; C-reactive protein ≥ 100 mg/L: se-
vere infection, prescribe antibiotics

Physicians could deviate from algorithm at any time.

Outcomes Primary outcome

1. Antibiotic prescribing at index consultation

Secondary outcomes

1. New or worsening symptoms, defined as reconsultation within 28 days with worsening symptoms,
new symptoms, new signs, or hospital admission

2. Symptom severity and duration, defined as a) the severity of symptoms in the 2 to 4 days after seeing
the physician and b) the duration of symptoms rated moderately bad or worse by participants, both
based on participant self-completed diaries

Notes Trial registration: ISRCTN99871214

Little 2013a 
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Cluster-randomised at practice level as general practitioners trained in communication skills were un-
able to shiP at random between using new skills and usual care

Funding: public

Kit used: QuikRead C-reactive protein, Orion Diagnostica (Espoo, Finland). On-site training to practices
in kit use provided by manufacturer.

Following training, prior to data collection, there was a run-in period for physicians to practice using
the device.

A baseline audit (October 2010 to December 2010) functioned to characterise patients and the 'every-
day' prescribing behaviour of clinicians.

A cluster-randomised design was chosen to minimise contamination within practices (since more than
1 physician per practice could participate) and because a practice-based meeting was part of the inter-
vention. Following a baseline audit to determine the antibiotic prescription rate, 4 groups were com-
pared: C-reactive protein testing (1), communication training (2), communication training and C-reac-
tive protein testing (3), and usual care (4). A factorial analysis plan was prespecified where groups were
combined: C-reactive test (cells 1 + 3) compared with no test (cells 2 + 4) whilst controlling for the ef-
fect of communication training. No statistically significant interaction was found between the inter-
ventions, although a synergistic effect was noted. 446 practices approached; 259 agreed to participate;
228 practices contributed with data. Compliance with the intervention (training) was good, with com-
pletion of all the training modules in 99/113 (88%) of the C-reactive protein group, 94/108 (87%) of the
communication group, and 116/127 (91%) of the combined group.

The intervention consisted of an estimated 30-minute internet training module on the use of C-reac-
tive protein to target antibiotics for serious infections and providing C-reactive protein cut-oH values
for recommending or withholding antibiotic treatment.

Compliance with the intervention was good with 90% (215/240) of participating doctors having com-
pleted the internet training module. The interaction term between C-reactive protein and communica-
tion training on the primary outcome (number of antibiotic prescriptions) was not significant (P = 0.41).

Sample size calculations were done to allow detection of a reduction in antibiotic use of 10% (50%
to 40%) (power 80%) and adjusting for clustering with intracluster coefficients of 0.16 and 0.06 deter-
mined a sample size of minimum 2600 participants and maximum 5400.

The primary outcome of antibiotic prescribing was assessed at index consultation. Secondary out-
comes were reconsultations (including hospitalisations) with new and worsening symptoms docu-
mented by medical notes review. Symptom severity and duration: a) severity 2 to 4 days after index
consultation; and b) duration of symptoms rated moderately bad or worse. These outcomes were as-
sessed by participant diary and mailed to study team upon completion. A telephone reminder was giv-
en to postal non-responders.

The study reported a significantly reduced use of antibiotics in the C-reactive protein group at index
consultation (33% versus 58%) (RR 0.54, 95% CI 0.42 to 0.69) (adjustment for baseline antibiotic pre-
scribing, GP and practice). No significant difference in the number of patient reconsultations was
recorded (RR 1.06, 95% CI 0.80 to 1.40), however an increase in hospital admissions was present in the
C-reactive protein group that disappeared with adjustment for various potential confounders, includ-
ing clinical presentation, which weakened the association to be of borderline significance (P = 0.06). In-
formation on hospital admissions was available in 15 cases, the stated reasons being cardiac (2), res-
piratory (8), generally unwell/pyrexia (2), gastrointestinal symptoms (2), sinusitis (1). We were unable
to obtain the percentages of hospital admissions in the C-reactive protein not initially prescribed an
antibiotic. No study-related deaths were reported. A similar resolution of symptoms rated moderately
bad or worse was observed (median 5 days, IQR 3 to 9 days), as was symptom severity 2 to 4 days after
index consultation.

Risk of bias

Bias Authors' judgement Support for judgement

Little 2013a  (Continued)
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Random sequence genera-
tion (selection bias)

Low risk Randomisation of practices was performed by study team, stratified by net-
work (country) by computer-generated random numbers, balanced for recruit-
ment potential.

Allocation concealment
(selection bias)

Unclear risk Centralised randomisation. Quote: "... physicians and patients were blind to
initial group allocation"

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Interventions are targeted at the level of the general practitioners. Cluster-ran-
domised at practice level, as GP trained in communication skills were unable
to shiP at random between using new skills and usual care.

Non-blinded trial where physicians and participants knew which treatment
modality was used

Blinding of outcome as-
sessment (detection bias)
Antibiotic prescribing

Low risk Data on antibiotic prescribing were obtained from case report forms after in-
dex consultation.

Blinding of outcome as-
sessment (detection bias)
Secondary outcomes

Low risk Reconsultations documented by medical notes review. Symptom severity and
duration by participant diaries with reminders (phone or mail, or both)

Incomplete outcome data
(attrition bias)
Antibiotic prescriptions

Low risk Follow-up for antibiotic prescribing and use was complete: 4264/4264 (100%).

Incomplete outcome data
(attrition bias)
Other outcomes: recovery,
re-consultations, satisfac-
tion

Low risk The study reports on the time to resolution of symptoms rated moderately bad
or worse, and recovery could not be assessed at specific time points. Partici-
pant satisfaction was not reported. Data on reconsultations were available in
4121/4264 (97%).

Selective reporting (re-
porting bias)

Low risk Outcomes correspond to study protocol.

Other bias High risk Risk of selection bias present due to lack of individual randomisation.

Little 2013a  (Continued)

 
 

Study characteristics

Methods Non-blinded, cluster-randomised (practice level) clinical trial, multinational with 168 primary care
practices in Belgium, the Netherlands, Poland, Spain, and the UK

Antwerp (Belgium), Barcelona (Spain), CardiH (Wales), Łódź (Poland), Southampton (UK), Szczecin
(Poland), Utrecht (the Netherlands), and the Spanish Society of Family Medicine (Spain)

Participants Inclusion criteria for practices 

No prior participation in interventions to reduce antibiotic use; recruited more than 10 patients in the
baseline audit

Inclusion criteria forpatients

Adults (18 years or older) with LRTI or URTI

1. Lower respiratory tract infection consulting for the first time with acute cough (up to 28 days dura-
tion) as the main symptom, or alternatively where cough was not the most prominent symptom (e.g.

Little 2019 
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fever, malaise) but where the clinician considered acute LRTI to be the main diagnosis. Pneumonia
was not an exclusion criterion.

2. Upper respiratory tract infection consulting for the first time and judged by the physician to be an-
other acute respiratory infection (sore throat, otitis media, sinusitis, influenza and/or coryzal illness)

Exclusioncriteria for patients

A non-infective working diagnosis (e.g. pulmonary embolus, heart failure, oesophageal reflux, allergy);
antibiotic use in the previous month; unable to provide informed consent (dementia, psychosis, severe
depression); pregnant; immunological deficiencies

Patients with lower respiratory tract infection (up to the first 30 presenting in each practice) and upper
respiratory tract infection (up to the first 5 presenting) were recruited following informed consent.

Interventions Guiding antibiotic decisions in primary care with a single point-of-care measurement of C-reactive pro-
tein

4-armed trial:

1. Usual care: no intervention provided

2. CRP arm: practices were given internet-based training on use of CRP point-of-care test

3. Communication arm: practices were given internet-based training on enhanced communication skills
and use of an interactive patient booklet

4. Combined intervention arm: practices received both the CRP intervention and the communication
intervention

CRP algorithm used

1. CRP < 20 mg: self-limiting LRTI, withhold antibiotics

2. CRP 21 to 50 mg/L: the majority of patients have self-limiting LRTI. Assessment of signs, symptoms,
risk factors, and CRP is important. Withhold antibiotics in most cases

3. CRP 51 to 99 mg/L: assessment of signs, symptoms, risk factors, and CRP is crucial. Withhold antibi-
otics in the majority of cases and consider delayed antibiotics in the minority of cases

4. CRP > 100 mg/L: severe infection, prescribe antibiotics

Outcomes Primary outcomes

1. Antibiotic prescribing (documented in the case report form by the recruiting clinician)

Secondary outcomes

None

Notes Starting date: October 2010 until May 2012

Contact information: Paul Little, MBBS, FRCGP, University of Southampton Aldermoor Health Centre Al-
dermoor Close, Southampton, SO16 5ST, UK; p.little@soton.ac.uk

Trial registration number: ISRCTN99871214

Funding: public, supported by the European Commission Framework 6 Programme (grant 518226).
The work in the UK was also supported by the National Institute for Health Research and the Research
Foundation Flanders (grant G.0274.08N). Orion Diagnostica supplied all the equipment and consum-
ables for CRP testing.

Kit used: QuikRead CRP kits (Orion Diagnostica, Espoo, Finland) after on-site training by the manufac-
turer 

Intraclass correlation coefficient was provided (0.06 to 0.16), size of clusters (40 for the usual group and
39 for the intervention group).

Little 2019  (Continued)
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Training session: the test device was demonstrated by company representatives, and an internet train-
ing module was provided on CRP use. The device and testing materials were provided free.

Sample size calculation: "The sample size was calculated for an α of 0.025 and a β of 0.2. We assumed
that 30 patients per practice would be recruited; that a 50% to 40% reduction in antibiotic prescribing
would be achieved for at least 1of the interventions; and that the intra-cluster correlation coefficient
would range from 0.16 to 0.06. We therefore required 2,600 patients (intra-cluster correlation coeffi-
cient=0.06) to 5,400 patients (intra-cluster correlation coefficient=0.16)."

Adherence to protocol: by 12 months, clinicians in all groups had seldom used CRP testing in patient
care, even though they were given free access to CRP diagnostic kits (62 of 1075 (5.77%) and 85 of 1419
(5.99%)).

Prescribing in the CRP group rose almost 9% from 35% (368 of 1062) at 3 months (Little 2013a) to 43%
(456 of 1052) at 12 months.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer-generated randomisation carried out centrally stratified by net-
work.

Quote: “Practices were remotely randomized using the minimisation ap-
proach, based on practice characteristics (baseline prescribing, number of
clinicians, number of patients at baseline) and with stratification by network”

Allocation concealment
(selection bias)

Unclear risk Individual participant allocation concealment was not performed, as the unit
of randomisation was doctors or practices, or both.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Interventions were targeted at the level of the general practitioners. Non-
blinded trial where personnel and participants were aware if the participant
was in the intervention group or control group, although masked to allocation
between the 2 intervention groups

Blinding of outcome as-
sessment (detection bias)
Antibiotic prescribing

Low risk Data on antibiotic prescribing were obtained from case report forms after in-
dex consultation.

Incomplete outcome data
(attrition bias)
Antibiotic prescriptions

Unclear risk Follow-up for antibiotic prescribing and use was nearly complete: 4822/4830
(99.8%).

Selective reporting (re-
porting bias)

Low risk Outcomes correspond to study protocol.

Other bias High risk High risk of selection bias due to lack of individual randomisation

Little 2019  (Continued)

 
 

Study characteristics

Methods Open randomised clinical trial, multicentre in 10 primary care practices in Norway

Participants Inclusion criteria

Adult (> 18 years) with subjective complaint of i) pneumonia, bronchitis, or asthma or ii) 1 of the follow-
ing symptoms: cough, shortness of breath, chest pain on deep inspiration or cough

Melbye 1995 
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Exclusion criteria

Aged under 18 years, patients with sore throat, blocked nose, pain in ears or sinuses. Patients with
angina-like chest pain were also excluded.

Included in this analysis

239 (108 C-reactive protein group, 131 controls) out of 239 randomised participants (245 eligible partic-
ipants)

Interventions Guiding antibiotic decisions in primary care with a single point-of-care measurement at the end of con-
sultation

Algorithm used in this study: recommended cut-oH values:

1. Duration of illness < 24 hours and C-reactive protein levels lower than 50 mg/L: no change in clinical
decision. C-reactive protein levels > 50 mg/L: immediate antibiotic prescribing was recommended

2. Duration of illness 1 to 6 days and C-reactive protein levels < 11 mg/L: no antibiotics recommended.
Participants with C-reactive protein levels between 11 and 49 mg/L: no change in clinical decision. C-
reactive protein levels > 50 mg/L: immediate antibiotic prescribing was recommended

3. Duration of illness > 7 days and C-reactive protein levels < 11 mg/L: no antibiotics recommended.
Participants with C-reactive protein levels between 11 and 24 mg/L: no change in clinical decision. C-
reactive protein levels > 25 mg/L: immediate antibiotic prescribing was recommended

Physicians could deviate from algorithm at any time, but reasons for doing so should be stated.

Outcomes Primary outcome

1. Antibiotic use at index consultation

Secondary outcomes

1. Antibiotic use (any use for current infection) in 21 days

2. Clinical recovery: number of participants recovered on day 7 and day 21

Notes Study was stopped after 1 year and prior to estimated power calculation of 260 participants had been
included due to lack of interest from participating doctors, and interim analysis showed that the null
hypothesis was not subject to change regardless.

Kit used: Nycocard II Reader (Axis-Shield, Norway)

Funding: Nycomed Pharma

A sample size calculation was performed to allow detection of 20% difference in the number of antibi-
otic prescriptions with 90% power (target inclusion of 260 participants). The study was terminated af-
ter 1 year by the principal investigator without reaching the target inclusion due to an interim analysis
that found no difference between groups, as well as lack of interest from participating GPs. Low adher-
ence to protocol, and C-reactive protein values only available after initial decision on clinical manage-
ment. Baseline characteristics of participants were balanced.

Clinical recovery was assessed at a follow-up visit by health personnel preferably at the practice, alter-
natively on phone.

No significant difference was found in the number of antibiotic prescriptions between groups (RR 0.96,
95% CI 0.75 to 1.24). No difference in patient recovery rate or rate of improvement was observed on
day 7 (RR 0.94, 95% CI 0.75 to 1.18) or day 21 (RR 0.85, 95% CI 0.57 to 1.29). Management decisions were
changed by C-reactive protein testing in 10% (11/108) of cases; estimated algorithm adherence 42%.

Risk of bias

Bias Authors' judgement Support for judgement

Melbye 1995  (Continued)

Biomarkers as point-of-care tests to guide prescription of antibiotics in people with acute respiratory infections in primary care (Review)

Copyright © 2022 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

59



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Random sequence genera-
tion (selection bias)

Unclear risk Not stated. Correspondence with principal investigators stated that randomi-
sation was adequate and performed by sponsor at sponsor level. No addition-
al details provided.

Allocation concealment
(selection bias)

Unclear risk Not explicitly stated, but participants were unaware of group allocation until
after consent to participate in study was obtained; however, study personnel
are not accounted for

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Non-blinded trial where physicians were only communicated the C-reactive
protein results in the intervention arm. The impact of using C-reactive protein
levels to guide antibiotic prescribing was the intervention being tested and as
such could not be blinded. Participants were not informed of the C-reactive
protein results.

Blinding of outcome as-
sessment (detection bias)
Antibiotic prescribing

Low risk Data on antibiotic use were obtained from medical records.

Blinding of outcome as-
sessment (detection bias)
Secondary outcomes

High risk Health personnel responsible for C-reactive protein testing and randomisa-
tion performed follow-up interviews with participants at day 7 and 21 in health
clinic or on phone.

Incomplete outcome data
(attrition bias)
Antibiotic prescriptions

Low risk Follow-up for antibiotic prescribing and use 239/239 (100%)

Incomplete outcome data
(attrition bias)
Other outcomes: recovery,
re-consultations, satisfac-
tion

Low risk Recovery data were available in 230/239 (96%) at day 7 and 219/239 (92%) at
day 21. Reconsultations and patient satisfaction were not assessed.

Selective reporting (re-
porting bias)

Unclear risk All outcomes are reported, but no study protocol available.

Other bias Unclear risk Premature study stop guided by preliminary study results before target inclu-
sion was met, indicating that principal investigator had access to data.

Melbye 1995  (Continued)

 
 

Study characteristics

Methods Non-blinded randomised clinical trial in 28 primary care practices and 4 out-of-hours services in the
Netherlands

Cluster-RCT in the primary care practices; individual RCT in the out-of-hours services

Participants Inclusion criteria 

Children between 3 months and 12 years of age with suspicion of lower respiratory tract infection;
acute cough < 21 days; reported fever > 38 °C < 5 days; written informed consent

Exclusioncriteria 

Impaired immunity; severe pulmonary disease; serious congenital defects; use of systemic antibi-
otics or corticosteroids, or both, in past 4 weeks; judged severely ill by the GP based on symptoms and

Schot 2018 
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signs; highly suspected of having pneumonia by the GP; referral to specialist or emergency department
deemed necessary by GP

Included in this analysis

301 participants (136 in the intervention group and 165 in the control group)

Interventions Guiding antibiotic decisions in primary care with a single point-of-care measurement of C-reactive pro-
tein

2-armed study: 1) usual care; 2) use of C-reactive protein point-of-care test performed after clinical as-
sessment

Algorithm used in this study

1. CRP levels < 10 mg/L make pneumonia less likely, but should not be used to exclude pneumonia when
the GP finds the child ill, or when duration of symptoms is < 6 hours.

2. CRP levels > 100 mg/L make pneumonia much more likely; however, such levels can also be caused
by viral infections.

3. Between 10 mg/L and 100 mg/L, the likelihood of pneumonia increases with increasing CRP levels.

Outcomes Primary outcomes

1. Antibiotic prescribing at index consultation

Secondary outcomes

1. Reconsultations

2. Antibiotic prescribing during the same illness episode

3. Consultation for a new episode of any respiratory tract infection within 3 months of the index consul-
tation

4. Antibiotic prescriptions at any consultation

Notes Starting date: December 2013 and May 2016

Contact information: Marjolein JC Schot, Julius Center for Health Sciences and Primary Care, University
Medical Center Utrecht, Utrecht, Netherlands; m.j.c.schot-3@umcutrecht.nl

Trial registration: The Netherlands National Trial Register (trial identifier NTR4399)

Funding: public (The Netherlands Organisation for Health Research and Development) and Alere Tech-
nologies AS. 2 participating laboratories, SALTRO and Star Medical Diagnostic Center, provided the
reagents and equipment for the CRP test. 2 study authors were employed at SALTRO (funding agree-
ment was carried out to ensure the authors’ independence in designing the study, interpreting the da-
ta, writing, and publishing the report).

Kit used: Afinion point-of-care testing, Alere Technologies AS, Oslo, Norway

Training session: not specified in the published paper

General practitioners were not provided with strict decision rules based on C-reactive protein levels,
but were given the following guidance.

1. C-reactive protein rapid testing levels should be interpreted in combination with symptoms and signs.

2. C-reactive protein levels < 10 mg/L make pneumonia less likely, but should not be used to exclude
pneumonia when the doctor finds the child ill or when duration of symptoms is < 6 hours.

3. C-reactive protein levels > 100 mg/L make pneumonia much more likely; however, such levels can also
be caused by viral infections.

4. With C-reactive protein concentrations between 10 mg/L and 100 mg/L, the likelihood of pneumonia
increases with increasing levels.

Adherence to protocol: antibiotic was prescribed in 14% of children with a CRP level < 10 mg/L

Schot 2018  (Continued)
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Sample size calculation was based on: “... the expectation that POC CRP testing would reduce antibiot-
ic prescribing by at least 20%, from 70% to 50%. To detect such a difference with 80% power and two-
sided 5% significance, and considering a cluster size of 16 and an intra-cluster correlation coefficient of
0.06, a total of 354 patients were required”.

A total of 46% of children had C-reactive protein levels < 10 mg/L, 51% 10 to 100 mg/L, and 4% > 100
mg/L. Children were more likely to get an antibiotic prescription with increasing C-reactive protein lev-
els, ranging from 14% in children with a level < 10 mg/L; 44% with levels between 10 and 100 mg/L; and
more than 50% with levels > 40 mg/L.

A total of 210 children were recruited in primary care and 99 in the out-of-hours services. 5 children in
the intervention group and 3 children in the control group were excluded from the analysis.

Quote: “POC CRP was not measured in two children in the intervention group (1.4%), and in the control
group point-of care CRP was measured 30 times (18.2%), in violation of protocol”

Intracluster coefficient provided (0.06), as well as size of clusters (16).

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Block randomisation stratified by region and practice type (academic ver-
sus non-academic) for children recruited in primary care practices. Permuted
block randomisation in out-of-hours services

Allocation concealment
(selection bias)

Unclear risk Allocation concealment of the individual participant is not applicable for the
cluster-randomised part of this study.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk Interventions are targeted at the level of the general practitioner.

For the cluster-randomised part of the study: non-blinded trial where per-
sonnel and participants were aware if the participant was in the intervention
group or control group, although masked to allocation between the 2 interven-
tion groups

For the individually randomised part of the study: sequentially numbered,
opaque, sealed envelopes (SNOSE) prepared by a member of the research
team using permuted block randomisation for out-of-hours services

Quote: “After the treating GP checked eligibility, an onsite research assistant,
blinded to the clinical evaluation of the child, opened the envelope.”

Blinding of outcome as-
sessment (detection bias)
Antibiotic prescribing

Low risk Data on antibiotic prescribing were obtained from medical records.

Blinding of outcome as-
sessment (detection bias)
Secondary outcomes

Low risk Reconsultations documented from electronic medical records 3 months after
inclusion.

Quote: “Three months after inclusion, children’s medical records were re-
viewed to collect data on secondary outcomes”

Incomplete outcome data
(attrition bias)
Antibiotic prescriptions

Low risk Follow-up for antibiotic prescribing and use was nearly complete: 301/309
(97.4%).

Incomplete outcome data
(attrition bias)

High risk Due to missing consent of the parents for follow-up, follow-up data on sec-
ondary outcomes were only available for 180 children (58.2%).

Schot 2018  (Continued)
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Other outcomes: recovery,
re-consultations, satisfac-
tion

Selective reporting (re-
porting bias)

Low risk Outcomes correspond to study protocol.

Other bias High risk This study is a combined cluster- and individually randomised trial. We have
chosen to characterise it as a cluster-randomised trial.

The study had frequent protocol violations, and 30 out of 165 participants in
the control group had CRP measurements.

Schot 2018  (Continued)

AECOPD: acute exacerbations of chronic obstructive pulmonary disease
ARI: acute respiratory infection
ARTI: acute respiratory tract infection
CAP: community acquired pneumonia
CI: confidence interval
COPD: chronic obstructive pulmonary disease
CRP: C-reactive protein
CRQ-SAS: Chronic Respiratory Disease Questionnaire
GP: general practitioner
IQR: interquartile range
LRTI: lower respiratory tract infection
OR: odds ratio
POCT: point-of-care test
RCT: randomised controlled trial
RR: risk ratio
URTI: upper respiratory tract infection
WHO: World Health Organization
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Ameyaw 2014 Not a primary care setting

Briel 2008a Not a point-of-care biomarker (procalcitonin). Procalcitonin was analysed at hospital - not as a
point-of-care test.

Burkhardt 2010a Not a point-of-care biomarker (procalcitonin). Procalcitonin was analysed at hospital - not as a
point-of-care test.

Dahler-Eriksen 1999 Did not assess C-reactive protein to guide antibiotic prescriptions

de Lusignan 2020 Not a randomised controlled trial, not a point-of-care biomarker (molecular rapid test for influenza)

Eley 2020 Not a classic randomised controlled trial, but rather a service evaluation using elements of ran-
domisation. However, the study was not disclosed as an RCT to either healthcare providers or pa-
tients. The study used register-based data.

Fiore 2017 Not a randomised controlled trial

Gonzales 2011 Not a primary care setting

Huang 2018 Not a primary care setting
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Study Reason for exclusion

Isa 2022 Not a primary care setting

Kavanagh 2011 Not a randomised controlled trial

Keitel 2017 Not a point-of-care biomarker (electronic algorithm including point-of-care biomarker)

Little 2014 Not a point-of-care biomarker (rapid antigen detection test)

Llor 2012 Not a randomised controlled trial

Mann 2020 Did not assess C-reactive protein to guide antibiotic prescriptions

Meili 2016 Not a randomised controlled trial

Minnaard 2016 Not a randomised controlled trial

Montassier 2019 Not a primary care setting, not a point-of-care biomarker (procalcitonin)

Oppong 2018 Not a randomised controlled trial

Rebnord 2016a Did not include acute respiratory tract infections, but rather fever in general; data sought specifi-
cally for ARIs but not possible to access

Schechter-Perkins 2019 Not a primary care setting, not a point-of-care biomarker (influenza rapid test)

Stannard 2014 Not a randomised controlled trial

Takemura 2005 Not a primary care setting

Van den Bruel 2016 Did not assess ARTI

Verbakel 2016 Did not include acute respiratory tract infections, but rather acutely ill children

ARIs: acute respiratory infections
ARTI: acute respiratory tract infection
RCT: randomised controlled trial
 

Characteristics of ongoing studies [ordered by study ID]

 

Study name Converting habits of antibiotic prescribing for respiratory tract infections in German primary care
(CHANGE-2)

Methods 3-armed cluster-RCT with units being general practitioners and practice-based paediatricians.
Sample size was calculated to detect a relative reduction of 30% between groups: target inclusion
480 participants, but inflating for clustering yields a sample size of 13,160 in 188 practices.

Participants Eligible participants are health-insured in the same company (AOK), a minimum age of 3 months,
first visit due to an acute respiratory infection (both upper and lower), and otherwise healthy.

Interventions The interventions are: 1) communication training; 2) communication training and point-of-care test
(C-reactive protein test or rapid antigen detection testing, or both); 3) usual care. Communication
training will be given at to small groups in 1 seminar-based session. All tests are provided free of

ISRCTN01559032 
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charge, and staH and physicians will receive training on performing the test and when to use point-
of-care tests.

Outcomes Physicians' antibiotic prescription rates over 3 winters. Secondary outcomes include reconsulta-
tion rates, complications (including hospital admissions).

Starting date 10 September 2012

Contact information Annette Diener, Institute of General Practice, Rostock University Medical Centre, 18055 Rostock,
Germany. Email: anette.diener@med.uni.rostock.de

Notes Completed. We contacted the authors for data. A paper is currently in production. No data avail-
able up to 2022.

ISRCTN01559032  (Continued)

 
 

Study name Impact of the use of CRP on the prescription of antibiotics in general practitioners

Methods Open, parallel randomised clinical trial

Participants Eligible participants are French health-insured patients with a clinical suspicion of a respiratory in-
fection defined by the presence of at least 1 respiratory sign amongst cough, dyspnoea, chest pain,
and auscultatory abnormality and at least 1 general sign amongst fever, sweat, headache, myalgia,
impairment of general condition of more than 1 day of symptoms, with a minimum age of 3 years.
Planned sample size: 406

Interventions The interventions include: 1) C-reactive protein assay in micro method; 2) usual care.

Outcomes Antibiotic therapy prescribed within the first 10 days. Secondary outcomes include antibiotic ther-
apy in participants aged 3 to 17, 18 to 64, and ≥ 65 years old; type of antibiotic prescribed; comple-
mentary exams ordered and types; participants referred to emergency; participants with delayed
antibiotic therapy; number of prescriptions following the recommended algorithms; adequacy be-
tween the proposed decision algorithm according to the CRP and the antibiotic prescription; con-
cordance between the prescription proposed by the decision algorithm as a function of the mi-
cro-CRP and the prescription realised; and number of COVID-19-positive patients (included from
October 2020).

Starting date 1 May 2018

Contact information Robert Touitou. Centre Hospitalier Intercommunal Creteil, France. Email: robtouitou@gmail.com

Notes Recruiting

NCT03540706 

 
 

Study name Implementation of CRP point-of-care testing in primary care to improve antibiotic targeting in res-
piratory illness (ICAT)

Methods Open, parallel randomised clinical trial

Participants Patients with an acute respiratory infection aged from 1 to less than 65 years old, with at least 1 fo-
cal sign or symptom lasting less than 7 days: (1) cough, (2) rhinitis (sneezing, nasal congestion, or

NCT03855215 
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runny nose), (3) pharyngitis (sore throat), (4) shortness of breath, (5) wheezing, (6) chest pain, or (7)
auscultation abnormalities. Planned sample size: 24,960

Interventions The interventions include: 1) ACTIM C-reactive protein rapid test provided to healthcare workers at
the commune health centres for use in patients in the target population; 2) usual care.

Outcomes Prescription of antibiotics. Secondary outcomes include participants that consulted with an acute
respiratory infection in the preceding year; prescription rates for these participants in the preced-
ing year; participants indicated C-reactive protein test according to diagnosis, age, and gender;
participants prescribed an antibiotic in the intervention arm with a CRP < 10 mg/L, CRP 10 to 40
mg/L, and CRP > 40 mg/L; participants receiving an antibiotic with the denominator being all at-
tendances, and all non-routine attendances; participants receiving an antibiotic prescription by di-
agnosis, age, season, recorded fever, and sex; participants referred to a higher-level facility at the
initial consultation by checking the e-database of health insurance reimbursement; participants
in whom the test is indicated who re-attend the health facility within a 30-day period, and whether
antibiotics were prescribed; participants in whom the test is indicated who were hospitalised with-
in a 30-day period; participants in whom use of the test was recommended that received the test;
usability, acceptability, and views of C-reactive protein test among healthcare workers; and cost-ef-
fectiveness.

Starting date 26 February 2019

Contact information Sonia Lewycka, Oxford University Clinical Research Unit, Vietnam

Email: slewycka@oucru.org

Notes Recruiting

NCT03855215  (Continued)

 
 

Study name Effectiveness of improving diagnostic and communication skills on antibiotic prescribing appropri-
ateness in acute cough (ISAAC-CAT)

Methods Open cluster-randomised factorial controlled trial

Participants Patients with a first consultation for acute cough of up to 3 weeks' duration (new cough or worsen-
ing of a previous cough) aged 18 or older, which the clinician believes to be an infectious acute low-
er respiratory tract infection. Planned sample size: 24,960

Interventions The interventions include: 1) continuous (workshop and monthly web-based training) disease-fo-
cused intervention with the use of C-reactive protein rapid testing; 2) continuous (on-site and
monthly online training) illness-focused intervention with enhancement of communication skills to
optimise doctor-patient consultations and share decision making with the aid of patient-centred
leaflets; 3) both interventions; 4) usual care.

Outcomes Participant-reported consumption of antibiotics and health status by means of the EuroQol ques-
tionnaire. Secondary outcomes include reconsultations and complications; duration of symptoms
and duration of severe symptoms; antibiotic prescription at the baseline visit; drugs other than an-
tibiotics; number of non-antibiotic prescriptions; tests ordered by clinicians; number of tests or-
dered by clinicians; participant satisfaction with care; participant satisfaction score; participant
perception of the usefulness of the information received; participant perception score about the
usefulness of the information received; participant future consulting intention; participant fu-
ture consulting intention score; serious adverse events; number of serious adverse events; absen-
teeism.

Starting date 30 April 2019

NCT03931577 
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Contact information Carl Llor, University Primary Care Research Institute Jordi Gol i Gurina, Spain
Email: carles.llor@gmail.com

Notes Recruiting

NCT03931577  (Continued)

 
 

Study name The procalcitonin guided antibiotics in respiratory infections in general practice (PARI)

Methods Parallel randomised clinical trial

Participants Patients older than 18 years with acute cough, e.g. less than 2 weeks with probable acute upper
or lower respiratory tract infection (pharyngitis, tonsillitis, otitis media, sinusitis, exacerbations
of asthma or chronic obstructive pulmonary disease, bronchitis, or pneumonia), with a C-reactive
protein level > 20 mg/L. Patients with severe symptoms present for more than 2 weeks, immuno-
compromised, sore throat with a positive test for Group A streptococcus, or those with prior antibi-
otic exposure the last 14 days up to inclusion were excluded.

Interventions The interventions include: 1) procalcitonin values disclosed to the attending physician assisting in
antibiotic guidance in addition to usual care; 2) usual care without procalcitonin values disclosed.

Outcomes Participant-reported duration of illness and symptoms from acute respiratory tract infections. Se-
condary outcomes include antibiotic treatments; side effects from antibiotic treatment; reconsul-
tations; severe adverse effects; biomarker levels.

Starting date 2 January 2020

Contact information Rune Munck Aabenhus. Research Unit of General Practice, Copenhagen, Denmark
Email: runa@sund.ku.dk

Notes Active, not recruiting

NCT04216277 

CRP: C-reactive protein
GP: general practitioner
RCT: randomised controlled trial
 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   C-reactive protein versus standard care

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1.1 CRP - Antibiotics prescribed at index
consultation. All trials (cluster-randomised
with modified sample size)

12 10218 Risk Ratio (M-H, Ran-
dom, 95% CI)

0.77 [0.69, 0.86]

1.1.1 Individually randomised trials 6 5899 Risk Ratio (M-H, Ran-
dom, 95% CI)

0.79 [0.70, 0.89]

1.1.2 Cluster-randomised trials (modified
sample size)

6 4319 Risk Ratio (M-H, Ran-
dom, 95% CI)

0.73 [0.58, 0.90]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1.2 CRP - Antibiotics prescribed within 28
days follow-up (cluster-randomised trials
with modified sample size)

7 5091 Risk Ratio (M-H, Ran-
dom, 95% CI)

0.81 [0.76, 0.86]

1.2.1 Individually randomised trials 5 4880 Risk Ratio (M-H, Ran-
dom, 95% CI)

0.82 [0.77, 0.87]

1.2.2 Cluster-randomised trials (modified
sample size)

2 211 Risk Ratio (M-H, Ran-
dom, 95% CI)

0.68 [0.51, 0.91]

1.3 CRP - Number of participants substan-
tially improved within 7 days follow-up

4 3104 Risk Ratio (M-H, Ran-
dom, 95% CI)

1.03 [0.96, 1.12]

1.3.1 Individually randomised trials 4 3104 Risk Ratio (M-H, Ran-
dom, 95% CI)

1.03 [0.96, 1.12]

1.4 CRP - Mortality (cluster-randomised tri-
als with modified sample size)

9 7737 Risk Ratio (M-H, Ran-
dom, 95% CI)

0.53 [0.10, 2.92]

1.4.1 Individually randomised trials 5 5660 Risk Ratio (M-H, Ran-
dom, 95% CI)

0.53 [0.06, 4.76]

1.4.2 Cluster-randomised trials (modified
sample size)

4 2077 Risk Ratio (M-H, Ran-
dom, 95% CI)

0.53 [0.04, 7.97]

1.5 CRP - Number of reconsultations within
28 days follow-up

7 6256 Risk Ratio (M-H, Ran-
dom, 95% CI)

1.06 [0.91, 1.24]

1.5.1 Individually randomised trials 3 4199 Risk Ratio (M-H, Ran-
dom, 95% CI)

1.31 [0.90, 1.89]

1.5.2 Cluster-randomised trials (modified
sample size)

4 2057 Risk Ratio (M-H, Ran-
dom, 95% CI)

1.01 [0.85, 1.20]

1.6 CRP - Hospital admissions (cluster-ran-
domised with modified sample size)

10 7514 Risk Ratio (M-H, Ran-
dom, 95% CI)

1.05 [0.72, 1.53]

1.6.1 Individually randomised trials 5 5350 Risk Ratio (M-H, Ran-
dom, 95% CI)

1.02 [0.69, 1.51]

1.6.2 Cluster-randomised trials (modified
sample sizes)

5 2164 Risk Ratio (M-H, Ran-
dom, 95% CI)

1.48 [0.36, 6.17]

1.7 CRP - Patient satisfaction 3 1458 Risk Ratio (M-H, Ran-
dom, 95% CI)

0.81 [0.50, 1.29]

1.7.1 Individually randomised trials 2 1334 Risk Ratio (M-H, Ran-
dom, 95% CI)

1.15 [0.22, 6.17]

1.7.2 Cluster-randomised trials (modified
sample size)

1 124 Risk Ratio (M-H, Ran-
dom, 95% CI)

0.91 [0.55, 1.51]

1.8 CRP - Number of participants substan-
tially improved within 28 days follow-up

5 2324 Risk Ratio (M-H, Ran-
dom, 95% CI)

1.02 [0.79, 1.32]

Biomarkers as point-of-care tests to guide prescription of antibiotics in people with acute respiratory infections in primary care (Review)

Copyright © 2022 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

68



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

(cluster-randomised trials with modified
sample size)

1.9 CRP - Subgroup analysis: antibiotics pre-
scribed at index consultation: upper respi-
ratory tract infections and lower respirato-
ry tract infections (cluster-randomised trials
with modified sample size)

2 2024 Risk Ratio (M-H, Ran-
dom, 95% CI)

0.70 [0.63, 0.78]

1.9.1 Upper respiratory tract infections 2 510 Risk Ratio (M-H, Ran-
dom, 95% CI)

0.72 [0.58, 0.90]

1.9.2 Lower respiratory tract infections 2 1514 Risk Ratio (M-H, Ran-
dom, 95% CI)

0.69 [0.62, 0.78]

1.10 CRP - Subgroup analysis: children and
adults. Antibiotic prescribing at index con-
sultation

12 10218 Risk Ratio (M-H, Ran-
dom, 95% CI)

0.77 [0.70, 0.85]

1.10.1 Children (cluster-randomised trials
with modified sample size)

4 2335 Risk Ratio (M-H, Ran-
dom, 95% CI)

0.78 [0.67, 0.91]

1.10.2 Adults 11 7883 Risk Ratio (M-H, Ran-
dom, 95% CI)

0.76 [0.68, 0.86]

1.11 CRP - Sensitivity analysis: participant
recovery within 7 days follow-up: missing
data in CRP = not recovered

4 3214 Risk Ratio (M-H, Ran-
dom, 95% CI)

1.11 [1.03, 1.20]

1.12 CRP - Sensitivity analysis: participant
recovery within 28 days follow-up: missing
data in CRP = not recovered (cluster-ran-
domised trials with modified sample size)

5 2506 Risk Ratio (M-H, Ran-
dom, 95% CI)

1.37 [1.01, 1.85]

1.13 CRP - Sensitivity analysis: recovery
within 7 days follow-up when algorithms
provide clear cut-oHs to rule out (< 20 mg/L)

2 1522 Risk Ratio (M-H, Ran-
dom, 95% CI)

1.02 [0.93, 1.12]

1.14 CRP - Sensitivity analysis: recovery
within 28 days follow-up when algorithms
provide clear cut-oHs to rule out (< 20 mg/L)

4 1938 Risk Ratio (M-H, Ran-
dom, 95% CI)

1.10 [0.87, 1.39]

1.15 CRP - Sensitivity analysis: antibiotics
prescribed, assessed ONLY at day 28

5 1364 Risk Ratio (M-H, Ran-
dom, 95% CI)

0.80 [0.72, 0.88]

1.15.1 Individually randomised trials 3 1126 Risk Ratio (M-H, Ran-
dom, 95% CI)

0.81 [0.70, 0.93]

1.15.2 Cluster-randomised trials (modified
sample size)

2 238 Risk Ratio (M-H, Ran-
dom, 95% CI)

0.83 [0.63, 1.08]

1.16 CRP - Sensitivity analysis: antibiotics
prescribed, assessed WITHIN 28 days 

7 5091 Risk Ratio (M-H, Ran-
dom, 95% CI)

0.78 [0.72, 0.84]

1.16.1 Individually randomised trials 5 4880 Risk Ratio (M-H, Ran-
dom, 95% CI)

0.79 [0.73, 0.85]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1.16.2 Cluster-randomised trials (modified
sample size)

2 211 Risk Ratio (M-H, Ran-
dom, 95% CI)

0.68 [0.51, 0.91]

1.17 CRP - Sensitivity analysis: recovery, as-
sessed ONLY at day 7

3 1264 Risk Ratio (M-H, Ran-
dom, 95% CI)

0.95 [0.87, 1.05]

1.17.1 Individually randomised trials 3 1264 Risk Ratio (M-H, Ran-
dom, 95% CI)

0.95 [0.87, 1.05]

1.18 CRP - Sensitivity analysis: recovery, as-
sessed WITHIN 7 days

4 3169 Risk Ratio (M-H, Ran-
dom, 95% CI)

0.97 [0.91, 1.03]

1.18.1 Individually randomised trials 4 3169 Risk Ratio (M-H, Ran-
dom, 95% CI)

0.97 [0.91, 1.03]

1.19 CRP - Sensitivity analysis: recovery, as-
sessed ONLY at day 28

4 2371 Odds Ratio (M-H, Fixed,
95% CI)

0.93 [0.69, 1.26]

1.20 CRP - Sensitivity analysis: recovery, as-
sessed WITHIN 28 days

5 2422 Odds Ratio (M-H, Fixed,
95% CI)

0.93 [0.70, 1.25]

1.21 CRP - Sensitivity analysis: antibiotic
prescribing when algorithms provide clear
cut-oHs to rule out (< 20 mg/L)

9 8341 Risk Ratio (M-H, Ran-
dom, 95% CI)

0.74 [0.65, 0.84]

1.21.1 Individually randomised trials 4 4222 Risk Ratio (M-H, Ran-
dom, 95% CI)

0.74 [0.66, 0.82]

1.21.2 Cluster-randomised trials (modified
sample size)

5 4119 Risk Ratio (M-H, Ran-
dom, 95% CI)

0.71 [0.56, 0.91]
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Analysis 1.1.   Comparison 1: C-reactive protein versus standard care, Outcome 1: CRP - Antibiotics
prescribed at index consultation. All trials (cluster-randomised with modified sample size)

Study or Subgroup

1.1.1 Individually randomised trials
Melbye 1995
Diederichsen 2000
Cals 2010
Do 2016
Althaus 2019
Butler 2019
Subtotal (95% CI)
Total events:
Heterogeneity: Tau² = 0.02; Chi² = 19.63, df = 5 (P = 0.001); I² = 75%
Test for overall effect: Z = 3.96 (P < 0.0001)

1.1.2 Cluster-randomised trials (modified sample size)
Cals 2009
Little 2013a
Andreeva 2013
Schot 2018
Little 2019
Boere 2021
Subtotal (95% CI)
Total events:
Heterogeneity: Tau² = 0.05; Chi² = 28.11, df = 5 (P < 0.0001); I² = 82%
Test for overall effect: Z = 2.88 (P = 0.004)

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.02; Chi² = 51.82, df = 11 (P < 0.00001); I² = 79%
Test for overall effect: Z = 4.77 (P < 0.00001)
Test for subgroup differences: Chi² = 0.39, df = 1 (P = 0.53), I² = 0%

C-reactive protein
Events

54
179

56
441
410
155

1295

20
304

18
28

476
18

864

2159

Total

108
414
129

1017
1256

325
3249

65
920

49
90

1068
35

2227

5476

Standard care
Events

68
184

73
647
263
225

1460

31
407

23
43

468
14

986

2446

Total

131
398
129

1019
649
324

2650

59
844

38
110

1024
17

2092

4742

Weight

7.6%
10.2%

7.6%
12.0%
11.1%
10.8%
59.3%

4.1%
11.3%
4.0%
4.8%

11.8%
4.8%

40.7%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.96 [0.75 , 1.24]
0.94 [0.80 , 1.09]
0.77 [0.60 , 0.98]
0.68 [0.63 , 0.74]
0.81 [0.71 , 0.91]
0.69 [0.60 , 0.79]
0.79 [0.70 , 0.89]

0.59 [0.38 , 0.91]
0.69 [0.61 , 0.77]
0.61 [0.39 , 0.95]
0.80 [0.54 , 1.17]
0.98 [0.89 , 1.07]
0.62 [0.42 , 0.92]
0.73 [0.58 , 0.90]

0.77 [0.69 , 0.86]

Risk Ratio
M-H, Random, 95% CI

0.5 0.7 1 1.5 2
Favours CRP Favours standard care

Risk of Bias
A

?
+
+
+
+
+

+
+
+
+
+
+

B

?
?
+
+
+
+

?
?
?
?
?
?

C

-
-
-
-
-
-

-
-
-
?
-
-

D

+
?
+
+
+
+

+
+
+
+
+
+

E

+
+
+
-
+
+

+
+
+
+
?
+

F

?
?
+
+
+
+

+
+
+
+
+
+

G

?
?
+
+
?
+

-
-
-
-
-
-

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias): Antibiotic prescribing
(E) Incomplete outcome data (attrition bias): Antibiotic prescriptions
(F) Selective reporting (reporting bias)
(G) Other bias

 
 

Biomarkers as point-of-care tests to guide prescription of antibiotics in people with acute respiratory infections in primary care (Review)

Copyright © 2022 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

71



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Analysis 1.2.   Comparison 1: C-reactive protein versus standard care, Outcome 2: CRP - Antibiotics
prescribed within 28 days follow-up (cluster-randomised trials with modified sample size)

Study or Subgroup

1.2.1 Individually randomised trials
Melbye 1995
Cals 2010
Do 2016 (1)
Butler 2019
Althaus 2019 (1)
Subtotal (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 5.35, df = 4 (P = 0.25); I² = 25%
Test for overall effect: Z = 6.78 (P < 0.00001)

1.2.2 Cluster-randomised trials (modified sample size)
Cals 2009
Andreeva 2013
Subtotal (95% CI)
Total events:
Heterogeneity: Tau² = 0.01; Chi² = 1.24, df = 1 (P = 0.27); I² = 19%
Test for overall effect: Z = 2.63 (P = 0.009)

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 8.45, df = 6 (P = 0.21); I² = 29%
Test for overall effect: Z = 6.56 (P < 0.00001)
Test for subgroup differences: Chi² = 1.52, df = 1 (P = 0.22), I² = 34.4%

C-reactive protein
Events

61
68

581
185
477

1372

29
20

49

1421

Total

108
129
902
313

1256
2708

65
49

114

2822

Standard care
Events

78
84

738
252
294

1446

34
27

61

1507

Total

131
129
947
316
649

2172

59
38
97

2269

Weight

7.4%
8.1%

36.9%
21.3%
20.7%
94.3%

3.2%
2.5%
5.7%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.95 [0.76 , 1.18]
0.81 [0.66 , 1.00]
0.83 [0.78 , 0.88]
0.74 [0.67 , 0.83]
0.84 [0.75 , 0.94]
0.82 [0.77 , 0.87]

0.77 [0.55 , 1.10]
0.57 [0.39 , 0.85]
0.68 [0.51 , 0.91]

0.81 [0.76 , 0.86]

Risk Ratio
M-H, Random, 95% CI

0.5 0.7 1 1.5 2
Favours CRP Favours standard care

Risk of Bias
A

?
+
+
+
+

+
+

B

?
+
+
+
+

?
?

C

-
-
-
-
-

-
-

D

+
+
+
+
+

+
+

E

+
+
-
+
+

+
+

F

?
+
+
+
+

+
+

G

?
+
+
+
?

-
-

Footnotes
(1) Follow up at day 14

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias): Antibiotic prescribing
(E) Incomplete outcome data (attrition bias): Antibiotic prescriptions
(F) Selective reporting (reporting bias)
(G) Other bias
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Analysis 1.3.   Comparison 1: C-reactive protein versus standard care, Outcome
3: CRP - Number of participants substantially improved within 7 days follow-up

Study or Subgroup

1.3.1 Individually randomised trials
Melbye 1995
Diederichsen 2000
Cals 2010
Althaus 2019 (1)
Subtotal (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 1.40, df = 3 (P = 0.71); I² = 0%
Test for overall effect: Z = 0.86 (P = 0.39)

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 1.40, df = 3 (P = 0.71); I² = 0%
Test for overall effect: Z = 0.86 (P = 0.39)
Test for subgroup differences: Not applicable

CRP
Events

46
251
27

723

1047

1047

Total

102
407
118

1217
1844

1844

Standard care
Events

53
252
31

379

715

715

Total

128
384
125
623

1260

1260

Weight

11.3%
17.2%
29.8%
41.6%

100.0%

100.0%

Risk Ratio (Non-event)
M-H, Random, 95% CI

0.94 [0.75 , 1.18]
1.12 [0.93 , 1.34]
1.03 [0.89 , 1.18]
1.04 [0.92 , 1.17]
1.03 [0.96 , 1.12]

1.03 [0.96 , 1.12]

Risk Ratio (Non-event)
M-H, Random, 95% CI

0.7 0.85 1 1.2 1.5
Favours standard care Favours CRP

Footnotes
(1) aRecovery reported at day 5

 
 

Biomarkers as point-of-care tests to guide prescription of antibiotics in people with acute respiratory infections in primary care (Review)

Copyright © 2022 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

73



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Analysis 1.4.   Comparison 1: C-reactive protein versus standard care, Outcome
4: CRP - Mortality (cluster-randomised trials with modified sample size)

Study or Subgroup

1.4.1 Individually randomised trials
Althaus 2019
Butler 2019
Cals 2010
Diederichsen 2000
Do 2016
Subtotal (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 0.84, df = 1 (P = 0.36); I² = 0%
Test for overall effect: Z = 0.57 (P = 0.57)

1.4.2 Cluster-randomised trials (modified sample size)
Boere 2021
Cals 2009
Little 2013a
Schot 2018
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.46 (P = 0.65)

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 0.84, df = 2 (P = 0.66); I² = 0%
Test for overall effect: Z = 0.73 (P = 0.46)
Test for subgroup differences: Chi² = 0.00, df = 1 (P = 1.00), I² = 0%

CRP
Events

1
0
0
0
0

1

1
0
0
0

1

2

Total

1256
325
129
414

1017
3141

32
65

920
63

1080

4221

Standard care
Events

0
2
0
0
0

2

1
0
0
0

1

3

Total

649
324
129
398

1019
2519

17
59

844
77

997

3516

Weight

28.5%
31.7%

60.2%

39.8%

39.8%

100.0%

Risk Ratio
M-H, Random, 95% CI

1.55 [0.06 , 38.03]
0.20 [0.01 , 4.14]

Not estimable
Not estimable
Not estimable

0.53 [0.06 , 4.76]

0.53 [0.04 , 7.97]
Not estimable
Not estimable
Not estimable

0.53 [0.04 , 7.97]

0.53 [0.10 , 2.92]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
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+
+
+
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+
+
+
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+
+
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+
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Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias): Secondary outcomes
(E) Incomplete outcome data (attrition bias): Other outcomes: recovery, re-consultations, satisfaction
(F) Selective reporting (reporting bias)
(G) Other bias
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Analysis 1.5.   Comparison 1: C-reactive protein versus standard care,
Outcome 5: CRP - Number of reconsultations within 28 days follow-up

Study or Subgroup

1.5.1 Individually randomised trials
Cals 2010
Do 2016
Althaus 2019
Subtotal (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 0.75, df = 2 (P = 0.69); I² = 0%
Test for overall effect: Z = 1.41 (P = 0.16)

1.5.2 Cluster-randomised trials (modified sample size)
Cals 2009
Andreeva 2013
Little 2013a
Schot 2018
Subtotal (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 0.39, df = 3 (P = 0.94); I² = 0%
Test for overall effect: Z = 0.15 (P = 0.88)

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 2.62, df = 6 (P = 0.86); I² = 0%
Test for overall effect: Z = 0.73 (P = 0.46)
Test for subgroup differences: Chi² = 1.48, df = 1 (P = 0.22), I² = 32.3%

CRP
Events

33
5

26

64

23
1

165
21

210

274

Total

129
1017
1256
2402

65
49

894
63

1071

3473

Standard care
Events

23
3

13

39

18
1

149
27

195

234

Total

129
1019
649

1797

59
38

812
77

986

2783

Weight

10.9%
1.2%
5.6%

17.7%

9.5%
0.3%

61.0%
11.4%
82.3%

100.0%

Risk Ratio
M-H, Random, 95% CI

1.43 [0.89 , 2.30]
1.67 [0.40 , 6.97]
1.03 [0.53 , 2.00]
1.31 [0.90 , 1.89]

1.16 [0.70 , 1.92]
0.78 [0.05 , 12.00]
1.01 [0.82 , 1.23]
0.95 [0.60 , 1.51]
1.01 [0.85 , 1.20]

1.06 [0.91 , 1.24]

Risk Ratio
M-H, Random, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours CRP Favours standard care
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Analysis 1.6.   Comparison 1: C-reactive protein versus standard care, Outcome
6: CRP - Hospital admissions (cluster-randomised with modified sample size)

Study or Subgroup

1.6.1 Individually randomised trials
Diederichsen 2000
Cals 2010
Do 2016
Althaus 2019
Butler 2019
Subtotal (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 1.04, df = 2 (P = 0.59); I² = 0%
Test for overall effect: Z = 0.11 (P = 0.91)

1.6.2 Cluster-randomised trials (modified sample sizes)
Cals 2009
Andreeva 2013
Little 2013a
Schot 2018
Boere 2021
Subtotal (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 1.38, df = 2 (P = 0.50); I² = 0%
Test for overall effect: Z = 0.54 (P = 0.59)

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 2.67, df = 5 (P = 0.75); I² = 0%
Test for overall effect: Z = 0.25 (P = 0.80)
Test for subgroup differences: Chi² = 0.24, df = 1 (P = 0.62), I² = 0%

CRP
Events

0
0
6

10
35

51

0
0
4
0
2

6

57

Total

414
129
901

1251
304

2999

65
49

920
63
32

1129

4128

Standard care
Events

0
0
8
3

34

45

0
0
1
1
1

3

48

Total

398
129
874
649
301

2351

59
38

844
77
17

1035

3386

Weight

12.7%
8.6%

71.7%
93.0%

3.0%
1.4%
2.6%
7.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

Not estimable
Not estimable

0.73 [0.25 , 2.09]
1.73 [0.48 , 6.26]
1.02 [0.65 , 1.59]
1.02 [0.69 , 1.51]

Not estimable
Not estimable

3.67 [0.41 , 32.77]
0.41 [0.02 , 9.80]

1.06 [0.10 , 10.89]
1.48 [0.36 , 6.17]

1.05 [0.72 , 1.53]

Risk Ratio
M-H, Random, 95% CI

0.02 0.1 1 10 50
Favours CRP Favours standard are
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Analysis 1.7.   Comparison 1: C-reactive protein versus standard care, Outcome 7: CRP - Patient satisfaction

Study or Subgroup

1.7.1 Individually randomised trials
Cals 2010
Do 2016
Subtotal (95% CI)
Total events:
Heterogeneity: Tau² = 1.04; Chi² = 2.61, df = 1 (P = 0.11); I² = 62%
Test for overall effect: Z = 0.17 (P = 0.87)

1.7.2 Cluster-randomised trials (modified sample size)
Cals 2009
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.37 (P = 0.71)

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.07; Chi² = 3.33, df = 2 (P = 0.19); I² = 40%
Test for overall effect: Z = 0.89 (P = 0.37)
Test for subgroup differences: Chi² = 0.07, df = 1 (P = 0.79), I² = 0%

CRP
Events

90
545

635

45

45

680

Total

118
549
667

65
65

732

Standard care
Events

79
541

620

39

39

659

Total

125
542
667

59
59

726

Weight

53.0%
4.4%

57.4%

42.6%
42.6%

100.0%

Risk Ratio (Non-event)
M-H, Random, 95% CI

0.64 [0.43 , 0.96]
3.95 [0.44 , 35.22]
1.15 [0.22 , 6.17]

0.91 [0.55 , 1.51]
0.91 [0.55 , 1.51]

0.81 [0.50 , 1.29]

Risk Ratio (Non-event)
M-H, Random, 95% CI

0.05 0.2 1 5 20
Favours standard care Favours CRP

 
 

Analysis 1.8.   Comparison 1: C-reactive protein versus standard care, Outcome 8: CRP - Number of participants
substantially improved within 28 days follow-up (cluster-randomised trials with modified sample size)

Study or Subgroup

Melbye 1995
Cals 2009 (1)
Andreeva 2013
Althaus 2019
Boere 2021 (2)

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 1.63, df = 4 (P = 0.80); I² = 0%
Test for overall effect: Z = 0.17 (P = 0.87)
Test for subgroup differences: Not applicable

CRP
Events

71
49
45

1142
29

1336

Total

98
65
48

1216
33

1460

Standard care
Events

82
44
36

597
16

775

Total

121
59
38

628
18

864

Weight

38.5%
17.6%
2.2%

39.2%
2.6%

100.0%

Risk Ratio (Non-event)
M-H, Random, 95% CI

0.85 [0.57 , 1.29]
0.97 [0.53 , 1.78]
1.19 [0.21 , 6.75]
1.23 [0.82 , 1.85]
1.09 [0.22 , 5.39]

1.02 [0.79 , 1.32]

Risk Ratio (Non-event)
M-H, Random, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours standard care Favours CRP

Footnotes
(1) ICC 0.12
(2) ICC 0.175
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Analysis 1.9.   Comparison 1: C-reactive protein versus standard care, Outcome 9: CRP - Subgroup
analysis: antibiotics prescribed at index consultation: upper respiratory tract infections

and lower respiratory tract infections (cluster-randomised trials with modified sample size)

Study or Subgroup

1.9.1 Upper respiratory tract infections
Cals 2010
Little 2013a
Subtotal (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 0.11, df = 1 (P = 0.74); I² = 0%
Test for overall effect: Z = 2.85 (P = 0.004)

1.9.2 Lower respiratory tract infections
Cals 2010
Little 2013a
Subtotal (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 0.56, df = 1 (P = 0.45); I² = 0%
Test for overall effect: Z = 6.11 (P < 0.00001)

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 0.79, df = 3 (P = 0.85); I² = 0%
Test for overall effect: Z = 6.74 (P < 0.00001)
Test for subgroup differences: Chi² = 0.12, df = 1 (P = 0.73), I² = 0%

CRP
Events

33
47

80

23
257

280

360

Total

73
187
260

56
734
790

1050

Control
Events

47
62

109

26
345

371

480

Total

78
172
250

51
673
724

974

Weight

11.3%
10.8%
22.0%

6.3%
71.6%
78.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.75 [0.55 , 1.02]
0.70 [0.51 , 0.96]
0.72 [0.58 , 0.90]

0.81 [0.53 , 1.22]
0.68 [0.60 , 0.77]
0.69 [0.62 , 0.78]

0.70 [0.63 , 0.78]

Risk Ratio
M-H, Random, 95% CI

0.5 0.7 1 1.5 2
Favours CRP Favours control
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Analysis 1.10.   Comparison 1: C-reactive protein versus standard care, Outcome 10: CRP
- Subgroup analysis: children and adults. Antibiotic prescribing at index consultation

Study or Subgroup

1.10.1 Children (cluster-randomised trials with modified sample size)
Diederichsen 2000
Do 2016
Schot 2018
Althaus 2019
Subtotal (95% CI)
Total events:
Heterogeneity: Tau² = 0.01; Chi² = 5.44, df = 3 (P = 0.14); I² = 45%
Test for overall effect: Z = 3.20 (P = 0.001)

1.10.2 Adults
Melbye 1995
Diederichsen 2000
Cals 2009
Cals 2010
Andreeva 2013
Little 2013a
Do 2016
Butler 2019
Little 2019
Althaus 2019
Boere 2021
Subtotal (95% CI)
Total events:
Heterogeneity: Tau² = 0.03; Chi² = 45.70, df = 10 (P < 0.00001); I² = 78%
Test for overall effect: Z = 4.56 (P < 0.00001)

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.02; Chi² = 52.33, df = 14 (P < 0.00001); I² = 73%
Test for overall effect: Z = 5.44 (P < 0.00001)
Test for subgroup differences: Chi² = 0.03, df = 1 (P = 0.87), I² = 0%

CRP
Events

27
227
28

200

482

54
152
20
56
18

304
214
155
476
210
18

1677

2159

Total

72
510
90

642
1314

108
342
65

129
49

920
507
325

1068
614
35

4162

5476

Standard care
Events

23
333
43

125

524

68
161
31
73
23

407
314
225
468
138
14

1922

2446

Total

67
518
110
326

1021

131
331
59

129
38

844
501
324

1024
323
17

3721

4742

Weight

3.1%
9.4%
3.8%
7.8%

24.1%

6.1%
8.2%
3.2%
6.2%
3.1%
9.4%
9.2%
8.9%
9.8%
8.1%
3.8%

75.9%

100.0%

Risk Ratio
M-H, Random, 95% CI

1.09 [0.70 , 1.71]
0.69 [0.62 , 0.78]
0.80 [0.54 , 1.17]
0.81 [0.68 , 0.97]
0.78 [0.67 , 0.91]

0.96 [0.75 , 1.24]
0.91 [0.78 , 1.07]
0.59 [0.38 , 0.91]
0.77 [0.60 , 0.98]
0.61 [0.39 , 0.95]
0.69 [0.61 , 0.77]
0.67 [0.60 , 0.76]
0.69 [0.60 , 0.79]
0.98 [0.89 , 1.07]
0.80 [0.68 , 0.95]
0.62 [0.42 , 0.92]
0.76 [0.68 , 0.86]

0.77 [0.70 , 0.85]

Risk Ratio
M-H, Random, 95% CI

0.5 0.7 1 1.5 2
Favours CRP Favours standard care

 
 

Analysis 1.11.   Comparison 1: C-reactive protein versus standard care, Outcome 11: CRP - Sensitivity
analysis: participant recovery within 7 days follow-up: missing data in CRP = not recovered

Study or Subgroup

Melbye 1995
Diederichsen 2000
Cals 2010
Althaus 2019

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 1.59, df = 3 (P = 0.66); I² = 0%
Test for overall effect: Z = 2.69 (P = 0.007)
Test for subgroup differences: Not applicable

CRP
Events

46
251
27

723

1047

Total

108
414
129

1256

1907

Standard care
Events

56
266
35

405

762

Total

131
398
129
649

1307

Weight

11.9%
17.0%
30.2%
41.0%

100.0%

Risk Ratio (Non-event)
M-H, Random, 95% CI

1.00 [0.80 , 1.25]
1.19 [0.99 , 1.43]
1.09 [0.95 , 1.25]
1.13 [1.00 , 1.27]

1.11 [1.03 , 1.20]

Risk Ratio (Non-event)
M-H, Random, 95% CI

0.7 0.85 1 1.2 1.5
 Favours CRP Favours standard care
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Analysis 1.12.   Comparison 1: C-reactive protein versus standard care, Outcome 12:
CRP - Sensitivity analysis: participant recovery within 28 days follow-up: missing
data in CRP = not recovered (cluster-randomised trials with modified sample size)

Study or Subgroup

Melbye 1995
Cals 2009
Andreeva 2013
Althaus 2019
Boere 2021 (1)

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.04; Chi² = 5.84, df = 4 (P = 0.21); I² = 31%
Test for overall effect: Z = 2.01 (P = 0.04)
Test for subgroup differences: Not applicable

CRP
Events

71
76
60

1142
26

1375

Total

108
102
66

1256
35

1567

Standard care
Events

92
68
48

618
15

841

Total

131
91
51

649
17

939

Weight

33.7%
24.9%
4.8%

32.3%
4.3%

100.0%

Risk Ratio (Non-event)
M-H, Random, 95% CI

1.15 [0.79 , 1.67]
1.01 [0.62 , 1.64]
1.55 [0.41 , 5.88]
1.90 [1.29 , 2.79]
2.19 [0.53 , 9.03]

1.37 [1.01 , 1.85]

Risk Ratio (Non-event)
M-H, Random, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours CRP Favours standard care

Footnotes
(1) ICC used 0.175

 
 

Analysis 1.13.   Comparison 1: C-reactive protein versus standard care, Outcome 13: CRP - Sensitivity
analysis: recovery within 7 days follow-up when algorithms provide clear cut-o@s to rule out (< 20 mg/L)

Study or Subgroup

Cals 2010
Althaus 2019 (1)

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 0.01, df = 1 (P = 0.94); I² = 0%
Test for overall effect: Z = 0.45 (P = 0.66)
Test for subgroup differences: Not applicable

CRP
Events

27
363

390

Total

118
630

748

Standard care
Events

31
379

410

Total

125
649

774

Weight

45.6%
54.4%

100.0%

Risk Ratio (Non-event)
M-H, Random, 95% CI

1.03 [0.89 , 1.18]
1.02 [0.90 , 1.16]

1.02 [0.93 , 1.12]

Risk Ratio (Non-event)
M-H, Random, 95% CI

0.5 0.7 1 1.5 2
Favours standard care Favours CRP

Footnotes
(1) Recovery assessed at day 5
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Analysis 1.14.   Comparison 1: C-reactive protein versus standard care, Outcome 14: CRP - Sensitivity
analysis: recovery within 28 days follow-up when algorithms provide clear cut-o@s to rule out (< 20 mg/L)

Study or Subgroup

Cals 2009
Andreeva 2013
Althaus 2019 (1)
Boere 2021

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 0.71, df = 3 (P = 0.87); I² = 0%
Test for overall effect: Z = 0.83 (P = 0.41)
Test for subgroup differences: Not applicable

CRP
Events

170
92

569
29

860

Total

227
99

630
33

989

Standard care
Events

153
74

597
16

840

Total

204
78

649
18

949

Weight

50.7%
3.8%

43.4%
2.1%

100.0%

Risk Ratio (Non-event)
M-H, Random, 95% CI

1.00 [0.72 , 1.39]
1.38 [0.42 , 4.54]
1.21 [0.85 , 1.72]
1.09 [0.22 , 5.39]

1.10 [0.87 , 1.39]

Risk Ratio (Non-event)
M-H, Random, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours standard care Favours CRP

Footnotes
(1) Recovery assessed at day 14

 
 

Analysis 1.15.   Comparison 1: C-reactive protein versus standard care, Outcome
15: CRP - Sensitivity analysis: antibiotics prescribed, assessed ONLY at day 28

Study or Subgroup

1.15.1 Individually randomised trials
Butler 2019
Cals 2010
Melbye 1995
Subtotal (95% CI)
Total events:
Heterogeneity: Tau² = 0.01; Chi² = 4.14, df = 2 (P = 0.13); I² = 52%
Test for overall effect: Z = 2.90 (P = 0.004)

1.15.2 Cluster-randomised trials (modified sample size)
Andreeva 2013
Cals 2009
Subtotal (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 0.35, df = 1 (P = 0.55); I² = 0%
Test for overall effect: Z = 1.37 (P = 0.17)

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 4.65, df = 4 (P = 0.33); I² = 14%
Test for overall effect: Z = 4.49 (P < 0.00001)
Test for subgroup differences: Chi² = 0.02, df = 1 (P = 0.89), I² = 0%

CRP
Events

185
68
61

314

20
29

49

363

Total

313
129
108
550

49
65

114

664

Usual Care
Events

252
84
78

414

29
34

63

477

Total

316
129
131
576

65
59

124

700

Weight

50.6%
19.3%
17.6%
87.5%

5.0%
7.5%

12.5%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.74 [0.67 , 0.83]
0.81 [0.66 , 1.00]
0.95 [0.76 , 1.18]
0.81 [0.70 , 0.93]

0.91 [0.59 , 1.41]
0.77 [0.55 , 1.10]
0.83 [0.63 , 1.08]

0.80 [0.72 , 0.88]

Risk Ratio
M-H, Random, 95% CI

0.5 0.7 1 1.5 2
Favours CRP Favours standard care
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Analysis 1.16.   Comparison 1: C-reactive protein versus standard care, Outcome
16: CRP - Sensitivity analysis: antibiotics prescribed, assessed WITHIN 28 days 

Study or Subgroup

1.16.1 Individually randomised trials
Althaus 2019 (1)
Butler 2019
Cals 2010
Do 2016 (1)
Melbye 1995
Subtotal (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 8.48, df = 4 (P = 0.08); I² = 53%
Test for overall effect: Z = 5.85 (P < 0.00001)

1.16.2 Cluster-randomised trials (modified sample size)
Andreeva 2013
Cals 2009
Subtotal (95% CI)
Total events:
Heterogeneity: Tau² = 0.01; Chi² = 1.24, df = 1 (P = 0.27); I² = 19%
Test for overall effect: Z = 2.63 (P = 0.009)

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 10.51, df = 6 (P = 0.10); I² = 43%
Test for overall effect: Z = 6.50 (P < 0.00001)
Test for subgroup differences: Chi² = 0.98, df = 1 (P = 0.32), I² = 0%

CRP
Events

477
185
68

518
61

1309

20
29

49

1358

Total

1256
313
129
902
108

2708

49
65

114

2822

Standard Care
Events

294
252
84

738
78

1446

27
34

61

1507

Total

649
316
129
947
131

2172

38
59
97

2269

Weight

21.3%
21.8%
10.0%
30.2%
9.2%

92.4%

3.4%
4.2%
7.6%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.84 [0.75 , 0.94]
0.74 [0.67 , 0.83]
0.81 [0.66 , 1.00]
0.74 [0.69 , 0.79]
0.95 [0.76 , 1.18]
0.79 [0.73 , 0.85]

0.57 [0.39 , 0.85]
0.77 [0.55 , 1.10]
0.68 [0.51 , 0.91]

0.78 [0.72 , 0.84]

Risk Ratio
M-H, Random, 95% CI

0.5 0.7 1 1.5 2
Favours CRP Favours standard care

Footnotes
(1) Antibiotics prescribed at day 14

 
 

Analysis 1.17.   Comparison 1: C-reactive protein versus standard care,
Outcome 17: CRP - Sensitivity analysis: recovery, assessed ONLY at day 7

Study or Subgroup

1.17.1 Individually randomised trials
Cals 2010
Diederichsen 2000
Melbye 1995
Subtotal (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 0.88, df = 2 (P = 0.65); I² = 0%
Test for overall effect: Z = 0.96 (P = 0.34)

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 0.88, df = 2 (P = 0.65); I² = 0%
Test for overall effect: Z = 0.96 (P = 0.34)
Test for subgroup differences: Not applicable

CRP
Events

27
251
46

324

324

Total

118
407
102
627

627

Standard Care
Events

31
252
53

336

336

Total

125
384
128
637

637

Weight

4.6%
84.7%
10.7%

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.92 [0.59 , 1.45]
0.94 [0.85 , 1.04]
1.09 [0.81 , 1.47]
0.95 [0.87 , 1.05]

0.95 [0.87 , 1.05]

Risk Ratio
M-H, Random, 95% CI

0.5 0.7 1 1.5 2
Favours CRP Favours standard care
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Analysis 1.18.   Comparison 1: C-reactive protein versus standard care,
Outcome 18: CRP - Sensitivity analysis: recovery, assessed WITHIN 7 days

Study or Subgroup

1.18.1 Individually randomised trials
Althaus 2019
Cals 2010
Diederichsen 2000
Melbye 1995
Subtotal (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 1.13, df = 3 (P = 0.77); I² = 0%
Test for overall effect: Z = 0.88 (P = 0.38)

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 1.13, df = 3 (P = 0.77); I² = 0%
Test for overall effect: Z = 0.88 (P = 0.38)
Test for subgroup differences: Not applicable

CRP
Events

723
27

251
46

1047

1047

Total

1256
118
407
102

1883

1883

Standard Care
Events

379
31

252
53

715

715

Total

649
125
384
128

1286

1286

Weight

59.2%
1.9%

34.5%
4.3%

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.99 [0.91 , 1.07]
0.92 [0.59 , 1.45]
0.94 [0.85 , 1.04]
1.09 [0.81 , 1.47]
0.97 [0.91 , 1.03]

0.97 [0.91 , 1.03]

Risk Ratio
M-H, Random, 95% CI

0.5 0.7 1 1.5 2
Favours CRP Favours standard care

 
 

Analysis 1.19.   Comparison 1: C-reactive protein versus standard care,
Outcome 19: CRP - Sensitivity analysis: recovery, assessed ONLY at day 28

Study or Subgroup

Althaus 2019
Andreeva 2013
Cals 2009
Melbye 1995

Total (95% CI)
Total events:
Heterogeneity: Chi² = 1.44, df = 3 (P = 0.70); I² = 0%
Test for overall effect: Z = 0.45 (P = 0.65)
Test for subgroup differences: Not applicable

Experimental
Events

1142
60
76
71

1349

Total

1216
64

102
98

1480

Control
Events

597
48
69
82

796

Total

628
51
91

121

891

Weight

53.2%
3.7%

20.6%
22.4%

100.0%

Odds Ratio
M-H, Fixed, 95% CI

0.80 [0.52 , 1.23]
0.94 [0.20 , 4.39]
0.93 [0.48 , 1.79]
1.25 [0.70 , 2.24]

0.93 [0.69 , 1.26]

Odds Ratio
M-H, Fixed, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours CRP Favours standard care
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Analysis 1.20.   Comparison 1: C-reactive protein versus standard care,
Outcome 20: CRP - Sensitivity analysis: recovery, assessed WITHIN 28 days

Study or Subgroup

Althaus 2019
Andreeva 2013
Boere 2021 (1)
Cals 2009
Melbye 1995

Total (95% CI)
Total events:
Heterogeneity: Chi² = 1.45, df = 4 (P = 0.84); I² = 0%
Test for overall effect: Z = 0.46 (P = 0.65)
Test for subgroup differences: Not applicable

Experimental
Events

1142
60
29
76
71

1378

Total

1216
64
33

102
98

1513

Control
Events

597
48
16
69
82

812

Total

628
51
18
91

121

909

Weight

51.8%
3.6%
2.7%

20.1%
21.8%

100.0%

Odds Ratio
M-H, Fixed, 95% CI

0.80 [0.52 , 1.23]
0.94 [0.20 , 4.39]
0.91 [0.15 , 5.50]
0.93 [0.48 , 1.79]
1.25 [0.70 , 2.24]

0.93 [0.70 , 1.25]

Odds Ratio
M-H, Fixed, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours CRP Favours standard care

Footnotes
(1) Using ICC 0.713. Recovery assessed at day 21

 
 

Analysis 1.21.   Comparison 1: C-reactive protein versus standard care, Outcome 21: CRP - Sensitivity
analysis: antibiotic prescribing when algorithms provide clear cut-o@s to rule out (< 20 mg/L)

Study or Subgroup

1.21.1 Individually randomised trials
Cals 2010
Do 2016
Althaus 2019 (1)
Butler 2019
Subtotal (95% CI)
Total events:
Heterogeneity: Tau² = 0.01; Chi² = 7.85, df = 3 (P = 0.05); I² = 62%
Test for overall effect: Z = 5.36 (P < 0.00001)

1.21.2 Cluster-randomised trials (modified sample size)
Cals 2009
Little 2013a
Andreeva 2013
Little 2019
Boere 2021
Subtotal (95% CI)
Total events:
Heterogeneity: Tau² = 0.05; Chi² = 28.08, df = 4 (P < 0.0001); I² = 86%
Test for overall effect: Z = 2.71 (P = 0.007)

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.03; Chi² = 44.12, df = 8 (P < 0.00001); I² = 82%
Test for overall effect: Z = 4.71 (P < 0.00001)
Test for subgroup differences: Chi² = 0.05, df = 1 (P = 0.82), I² = 0%

CRP
Events

56
441
218
155

870

20
304
18

476
18

836

1706

Total

129
1017
630
325

2101

65
920
49

1068
35

2137

4238

Standard care
Events

73
647
263
225

1208

31
407
23

468
14

943

2151

Total

129
1019
649
324

2121

59
844
38

1024
17

1982

4103

Weight

10.1%
15.4%
13.7%
13.9%
53.0%

5.6%
14.5%
5.4%

15.1%
6.4%

47.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.77 [0.60 , 0.98]
0.68 [0.63 , 0.74]
0.85 [0.74 , 0.98]
0.69 [0.60 , 0.79]
0.74 [0.66 , 0.82]

0.59 [0.38 , 0.91]
0.69 [0.61 , 0.77]
0.61 [0.39 , 0.95]
0.98 [0.89 , 1.07]
0.62 [0.42 , 0.92]
0.71 [0.56 , 0.91]

0.74 [0.65 , 0.84]

Risk Ratio
M-H, Random, 95% CI

0.5 0.7 1 1.5 2
Favours CRP Favours standard care

Footnotes
(1) Data from intervention arm CRP < 20 mg/L
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Comparison 2.   Procalcitonin versus standard care

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

2.1 Procalcitonin - Antibiotic prescribed
at index consultation

1 317 Risk Ratio (M-H, Random,
95% CI)

0.32 [0.23, 0.44]

2.2 Procalcitonin - Antibiotic prescribed
within 28 days follow-up

1 277 Risk Ratio (M-H, Random,
95% CI)

1.05 [0.44, 2.48]

2.3 Procalcitonin - Number of partici-
pants substantially improved within 7
days follow-up

1 277 Risk Ratio (M-H, Random,
95% CI)

1.23 [0.93, 1.62]

2.4 Procalcitonin - Mortality 1 277 Risk Ratio (M-H, Random,
95% CI)

Not estimable

2.5 Procalcitonin - Number of reconsulta-
tions within 28 days follow-up

1 317 Risk Ratio (M-H, Random,
95% CI)

1.00 [0.69, 1.46]

2.6 Procalcitonin - Hospital admissions 1 277 Risk Ratio (M-H, Random,
95% CI)

1.40 [0.26, 7.51]

2.7 Procalcitonin - Patient satisfaction 1 308 Risk Ratio (M-H, Random,
95% CI)

0.96 [0.93, 1.00]

 
 

Analysis 2.1.   Comparison 2: Procalcitonin versus standard care,
Outcome 1: Procalcitonin - Antibiotic prescribed at index consultation

Study or Subgroup

Lhopitallier 2021

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 6.66 (P < 0.00001)
Test for subgroup differences: Not applicable

Procalcitonin
Events

35

35

Total

195

195

Standard care
Events

69

69

Total

122

122

Weight

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.32 [0.23 , 0.44]

0.32 [0.23 , 0.44]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Procalcitonin Standard care

 
 

Analysis 2.2.   Comparison 2: Procalcitonin versus standard care,
Outcome 2: Procalcitonin - Antibiotic prescribed within 28 days follow-up

Study or Subgroup

Lhopitallier 2021

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.11 (P = 0.91)
Test for subgroup differences: Not applicable

Procalcitonin
Events

12

12

Total

163

163

Standard care
Events

8

8

Total

114

114

Weight

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

1.05 [0.44 , 2.48]

1.05 [0.44 , 2.48]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Procalcitonin Standard care
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Analysis 2.3.   Comparison 2: Procalcitonin versus standard care, Outcome 3:
Procalcitonin - Number of participants substantially improved within 7 days follow-up

Study or Subgroup

Lhopitallier 2021

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 1.45 (P = 0.15)
Test for subgroup differences: Not applicable

Procalcitonin
Events

79

79

Total

163

163

Standard care
Events

45

45

Total

114

114

Weight

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

1.23 [0.93 , 1.62]

1.23 [0.93 , 1.62]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Procalcitonin Standard care

 
 

Analysis 2.4.   Comparison 2: Procalcitonin versus standard care, Outcome 4: Procalcitonin - Mortality

Study or Subgroup

Lhopitallier 2021

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Not applicable
Test for subgroup differences: Not applicable

Procalcitonin
Events

0

0

Total

163

163

Standard care
Events

0

0

Total

114

114

Weight
Risk Ratio

M-H, Random, 95% CI

Not estimable

Not estimable

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Procalcitonin Standard care

 
 

Analysis 2.5.   Comparison 2: Procalcitonin versus standard care, Outcome
5: Procalcitonin - Number of reconsultations within 28 days follow-up

Study or Subgroup

Lhopitallier 2021

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.03 (P = 0.98)
Test for subgroup differences: Not applicable

Procalcitonin
Events

53

53

Total

195

195

Standard care
Events

33

33

Total

122

122

Weight

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

1.00 [0.69 , 1.46]

1.00 [0.69 , 1.46]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Procalcitonin Standard care
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Analysis 2.6.   Comparison 2: Procalcitonin versus standard care, Outcome 6: Procalcitonin - Hospital admissions

Study or Subgroup

Lhopitallier 2021

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.39 (P = 0.70)
Test for subgroup differences: Not applicable

Procalcitonin
Events

4

4

Total

163

163

Standard care
Events

2

2

Total

114

114

Weight

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

1.40 [0.26 , 7.51]

1.40 [0.26 , 7.51]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Procalcitonin Standard care

 
 

Analysis 2.7.   Comparison 2: Procalcitonin versus standard care, Outcome 7: Procalcitonin - Patient satisfaction

Study or Subgroup

Lhopitallier 2021

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 2.20 (P = 0.03)
Test for subgroup differences: Not applicable

Procalcitonin
Events

180

180

Total

189

189

Standard care
Events

118

118

Total

119

119

Weight

100.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.96 [0.93 , 1.00]

0.96 [0.93 , 1.00]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Procalcitonin Standard care

 

 

A D D I T I O N A L   T A B L E S
 

Biomarker Status Handling Biochemistry

C-reactive protein POC test available Droplet blood from finger prick. Re-
sults in approximately 3 minutes. Un-
infected adult controls have levels <
10 mg/L.

Inflammatory cytokines trigger C-reactive
protein release by the liver. Levels of C-re-
active protein increase within 6 to 18 hours,
peaking at 48 to 72 hours.

Leukocyte count POC test available Droplet blood from finger prick. Re-
sults in approximately 3 minutes. Un-
infected adult controls have leuko-
cyte levels < 9 x 109/L and neutrocyte
levels < 7 x 109/L.

Cells of the immune system activated by in-
flammatory cytokines and foreign antigens.

Procalcitonin POC test available Uninfected adult controls have levels
< 0.05 ng/mL.

Inflammatory cytokines and bacterial endo-
toxins trigger release of PCT from parenchy-
mal tissues. Levels of PCT increase within 2 to
6 hours, peaking at 24 to 48 hours.

Table 1.   Overview of biomarkers of infection used in acute respiratory infection trials in primary care settings 

PCT: procalcitonin
POC: point-of-care
 
 

Study Mean (SD) Median (IQR)

Table 2.   C-reactive protein - duration of symptoms 
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C-reactive
protein

Control C-reactive protein Control

Cals 2009a - - 22 (14 to 28) 22 (14 to 28)

LRTI 17.5 (9.2) 19.8 (9.5) 15.5 (9.5 to 28) 20 (13.5 to > 28)Cals 2010a

Rhinosinusitis 17.3 (9.3) 16.6 (9.9) 14 (10 to 28) 14 (7 to > 28)

Do 2016b ARTI - - 5 (4 to 7) 5 (4 to7)

LRTI - - 6 (3 to 9) 5 (3 to 9)

URTI - - 5 (3 to 7) 4 (3 to 8)

Little 2013ac

ARI - - 5 (3 to 9) 5 (3 to 9)

Table 2.   C-reactive protein - duration of symptoms  (Continued)

Abbreviations: ARI: acute respiratory tract infection (LRTI + URTI); IQR: interquartile range; LRTI: lower respiratory tract infection; SD:
standard deviation; URTI: upper respiratory tract infection
aReported as time to full recovery.
bReported as time to resolution of symptoms.
cReported as resolution of moderately bad or worse symptoms.
 
 

Mean (SD) Median (IQR)Study

Procalcitonin Control Procalcitonin Control

Lhopitallier 2021a - - 8  7 

Table 3.   Procalcitonin - duration of symptoms 

Abbreviations: IQR: interquartile range; SD: standard deviation
aBased on total symptoms score reported by participants within 28 days.
 
 

Parameter Studies C-reactive protein
group

Control group

Age, mean (SD)b Boere 2021; Butler 2019; Cals 2009; Cals 2010;
Diederichsen 2000; Little 2013a; Little 2019

62.1 (13.0) 62.4 (13.1)

Gender (female) % (n/N) All studies 61.0 (4597/7542) 60.6 (4258/7030)

Current smokers Andreeva 2013; Butler 2019; Cals 2009; Cals 2010; Lit-
tle 2013a

42.5 (1283/3020) 43.9 (1173/2675)

Comorbidityc Andreeva 2013; Boere 2021; Butler 2019; Cals 2009;
Cals 2010; Little 2013a

32.3 (1014/3139) 30.7 (862/2806)

Primary diagnosis

Unclassified upper ARId Andreeva 2013; Little 2013a 21.5 (499/2325) 21.1 (446/2118)

Table 4.   C-reactive protein - baseline characteristics of included participantsa 
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Otitis media Diederichsen 2000 3.3 (13/394) 4.5 (17/374)

Common cold Melbye 1995 13.9 (15/108) 16.8 (22/131)

Rhinosinusitis Cals 2010; Diederichsen 2000 27.3 (143/523) 27.2 (137/502)

Total upper ARIe Andreeva 2013; Cals 2010; Diederichsen 2000; Little
2013a; Melbye 1995

22.7 (670/2956) 22.6 (622/2752)

Pneumonia Andreeva 2013; Melbye 1995 7.7 (16/209) 14.4 (30/209)

LRTI/acute cough All studies 74.3 (2364/3183) 73.5 (2173/2956)

Bronchitis Melbye 1995 37.9 (41/108) 32.1 (42/131)

Exacerbations of COPD or
asthma

Butler 2019; Melbye 1995 78.8 (341/433) 76.7 (335/437)

Total lower ARIf All studies 76.8 (2446/3183) 70.5 (2271/2956)

Influenza Melbye 1995 8.3 (9/108) 9.2 (12/131)

Other respiratory dis-
eases

Diederichsen 2000; Melbye 1995 13.3 (67/502) 13.1 (66/505)

Table 4.   C-reactive protein - baseline characteristics of included participantsa  (Continued)

Abbreviations: ARI: acute respiratory infection; COPD: chronic obstructive pulmonary disease; LRTI: lower respiratory tract infection; SD:
standard deviation
aCrude numbers provided from all studies regardless of design.
bMelbye 1995  reported the median age: 50 (range 18 to 83) in the C-reactive protein arm versus 44 (18 to 82) in the control arm.  Do
2016 reported median age 16 (8 to 39) in the C-reactive protein arm versus 15 (8 to 41) in the control arm. Schot 2018 reported the median
age 3 (0 to 11) in the C-reactive protein arm versus 2 (0 to 11) in the control arm.
cCOPD; asthma; heart disease; diabetes mellitus.
dAcute respiratory infection.
eAny upper acute respiratory infections.
fAny lower acute respiratory infections.
 
 

Parameter Studies Procalcitonin
group

Control group

Age, mean (SD) Lhopitallier 2021 53 (18.0) 50 (18.0)

Gender (female) % (n/N) Lhopitallier 2021 65 (126/195) 53 (65/122)

Current smokers Lhopitallier 2021 23 (44/195) 25 (31/122)

Comorbiditya Lhopitallier 2021 38.5 (75/195) 42.6 (52/122)

Primary diagnosis

Unclassified upper ARIb - - -

Otitis media - - -

Table 5.   Procalcitonin - baseline characteristics of included participants 
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Common cold - - -

Rhinosinusitis - - -

Total upper ARIc - - -

Pneumonia - - -

LRTI/acute cough Lhopitallier 2021 100 (195/195) 100 (122/122)

Bronchitis - - -

Exacerbations of COPD or asthma - - -

Total lower ARId - - -

Influenza - - -

Other respiratory diseases - - -

Table 5.   Procalcitonin - baseline characteristics of included participants  (Continued)

Abbreviations: ARI: acute respiratory infection; COPD: chronic obstructive pulmonary disease; LRTI: lower respiratory tract infection; SD:
standard deviation
aCOPD; asthma; heart disease; diabetes.
bAcute respiratory infections.
cAny upper respiratory infection.
dAny lower acute respiratory infection.
 
 

Study Randomisation Inclusion criteria Algorithm used*

Melbye 1995 Individual Adults (> 18 years) with subjective
complaint of i) pneumonia, bron-
chitis, or asthma (no further de-
scription); or ii) 1 of the following
symptoms: cough, shortness of
breath, chest pain on deep inspira-
tion or when coughing

Duration of illness < 24 hours and C-reactive
protein levels lower than 50 mg/L: no change in
clinical decision. C-reactive protein levels > 50
mg/L: immediate antibiotic prescribing was rec-
ommended

Duration of illness 1 to 6 days and C-reactive
protein levels < 11 mg/L: no antibiotics recom-
mended. Participants with C-reactive protein
levels between 11 and 49 mg/L: no change in
clinical decision. C-reactive protein levels > 50
mg/L: immediate antibiotic prescribing was rec-
ommended

Duration of illness > 7 days and C-reactive pro-
tein levels < 11 mg/L: no antibiotics recom-
mended. Participants with C-reactive protein
levels between 11 and 24 mg/L: no change in
clinical decision. C-reactive protein levels > 25
mg/L: immediate antibiotic prescribing was rec-
ommended

Diederichsen 2000 Individual All patients with a respiratory in-
fection (no further description)

Strict cut-oH values were not given, but informa-
tion was provided that a normal C-reactive pro-
tein level was < 10 mg/L and that C-reactive pro-

Table 6.   C-reactive protein - inclusion criteria and C-reactive protein algorithms of included studies 
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tein levels < 50 mg/L were seldom the result of
bacterial infection.

Cals 2009 Cluster Adults (> 18 years) with suspected
LRTI (cough < 4 weeks AND

1 focal sign/symptom (shortness of
breath, wheezing, chest pain, aus-
cultation abnormalities) AND

1 systemic sign/symptom (fever >
38 °C, perspiring, headache, myal-
gia, feeling generally unwell)

C-reactive protein levels < 20 mg/L: pneumo-
nia extremely unlikely and antibiotic prescribing
discouraged

C-reactive protein levels between 20 and 50 mg/
L: pneumonia very unlikely

C-reactive protein levels between 50 and 100
mg/L: clear infection. Acute bronchitis most like-
ly, possible pneumonia

C-reactive protein > 100 mg/L: severe infection.
Pneumonia more likely. Immediate antibiotic
prescribing was recommended.

C-reactive protein levels between 20 and 99 mg/
L: consider delayed prescribing

Cals 2010 Individual Adults (> 18 years) with:

i) LRTI (cough < 4 weeks) AND

1 focal sign/symptom (shortness of
breath, wheezing, chest pain, aus-
cultation abnormalities) AND

1 systemic sign/symptom (fever >
38 °C, perspiring, headache, myal-
gia, feeling generally unwell)

ii) Rhinosinusitis < 4 weeks AND

1 symptom (history of rhinorrhoea,
blocked nose)

1 symptom or sign (purulent rhi-
norrhoea, unilateral facial pain,
headache, teeth pain, pain when
chewing, maxillary/frontal pain
when bending over, worsening of
symptoms after initial improve-
ment)

C-reactive protein levels < 20 mg/L: bacterial in-
fection was considered highly unlikely and an-
tibiotic prescribing was discouraged

C-reactive protein levels > 100 mg/L: bacterial
infection was considered likely and immediate
antibiotic prescribing was recommended

C-reactive protein levels between 20 and 99 mg/
L: consider delayed prescribing

Little 2013a Cluster Adults (> 18 years) with:

i) LRTI/acute cough (up to 28 days'
duration) as the main symptom,
or alternatively where cough was
not the most prominent symptom
(e.g. fever, malaise), but where the
clinician considered acute LRTI to
be the main diagnosis. Pneumonia
was not an exclusion criterion.

ii) URTI: as with LRTI, but judged
by the physician to be another
acute respiratory infection (sore
throat, otitis media, sinusitis, in-
fluenza and/or coryzal illness)

C-reactive protein ≤ 20 mg/L: self-limiting ARI,
withhold antibiotics

C-reactive protein 21 to 50 mg/L: majority of
participants have self-limiting ARI, withhold an-
tibiotics in most cases

C-reactive protein 51 to 99 mg/L: withhold an-
tibiotics in the majority of cases and consider
delayed antibiotics in the minority of cases

C-reactive protein ≥ 100 mg/L: severe infection,
prescribe antibiotics

Table 6.   C-reactive protein - inclusion criteria and C-reactive protein algorithms of included studies  (Continued)
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Andreeva 2013 Cluster Adults (> 18 years) with LRTI/acute
cough (including acute bronchitis,
pneumonia, and infectious exac-
erbations of COPD or asthma) for
less than 28 days

C-reactive protein < 20 mg/L: antibiotics usually
not needed

C-reactive protein > 50 mg/L: antibiotic pre-
scribing could be indicated taking into account
the duration of illness

Do 2016 Individual All patients aged 1 to 65 years of
age presenting with non-severe
acute respiratory tract infection
with at least 1 focal and 1 systemic
sign or symptom by the treating
physician. 

Focal signs; cough, rhinitis,
pharyngitis, shortness of breath,
wheezing, chest pain, and auscul-
tation abnormalities 

Systemic signs and symptoms;
fever, perspiration, headache,
myalgia, and feeling generally un-
well

C-reactive protein ≤ 20 mg/L for participants
aged 6 to 65 years: prescription of antibiotics not
recommended 

C-reactive protein ≥ 100 mg/L for participants
aged 6 to 65 years: should generally receive an-
tibiotics, and hospital referral should be consid-
ered

 

C-reactive protein ≤ 10 mg/L for children aged 1
to 5 years: prescription of antibiotics not recom-
mended

C-reactive protein ≥ 50 mg/L for children aged 1
to 5 years: should generally receive antibiotics,
and hospital referral should be considered. 

 

Between these thresholds no specific recom-
mendation was given, and clinicians were ad-
vised to use their clinical discretion.

Schot 2018 Cluster Children between 3 months and 12
years of age with suspicion of low-
er respiratory tract infection; acute
cough < 21 days; reported fever >
38 °C < 5 days

C-reactive protein levels < 10 mg/L make pneu-
monia less likely, but should not be used to ex-
clude pneumonia when the GP finds the child ill,
or when duration of symptoms is < 6 hours

C-reactive protein between 10 mg/L and 100
mg/L, the likelihood of pneumonia increases
with increasing CRP levels

C-reactive protein levels> 100 mg/L make pneu-
monia much more likely; however, such levels
can also be caused by viral infections

Althaus 2019 Individual Patients aged 1 year or older with:

a documented fever (defined as a
tympanic temperature of > 37.5 °C
according to WHO standards) OR 

a chief complaint of fever (< 14
days), regardless of previous an-
tibiotic intake and comorbidity
other than malignancies

Intervention group A: the result of CRP mea-
surement was communicated to the healthcare
provider as low CRP or high CRP using cut-oH
thresholds of 20 mg/L

 

Intervention group B: the result of CRP mea-
surement was communicated to the healthcare
provider as low CRP or high CRP using cut-oH
thresholds of40 mg/L

 

If CRP measurement was low, antibiotics should
be refrained from if no danger signs were
present. 

Table 6.   C-reactive protein - inclusion criteria and C-reactive protein algorithms of included studies  (Continued)

Biomarkers as point-of-care tests to guide prescription of antibiotics in people with acute respiratory infections in primary care (Review)

Copyright © 2022 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

92



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

If CRP measurement was high, antibiotics
should be considered on the basis of clinical
judgement.

Butler 2019 Individual Patients aged 40 years or older
and diagnosis of COPD in their pri-
mary care clinical record; present-
ing with an acute exacerbation of
COPD with at least 1 of AECOPD
criteria (increased dyspnoea, in-
creased sputum volume, increased
sputum purulence), between 24
hours and 21 days duration

C-reactive protein ≤ 20 mg/L: antibiotics are un-
likely to be beneficial and should usually not be
prescribed

C-reactive protein 20 to 40 mg/L: antibiotics
may be beneficial, mainly if purulent sputum is
present

C-reactive protein ≥ 40 mg/L: antibiotics are
likely to be beneficial

Little 2019 Cluster Adults (> 18 years) with:

i) LRTI/acute cough (up to 28 days
duration) as the main symptom,
or alternatively where cough was
not the most prominent symptom
(e.g. fever, malaise), but where the
clinician considered acute LRTI to
be the main diagnosis. Pneumonia
was not an exclusion criterion.

ii) URTI: as with LRTI, but judged
by the physician to be another
acute respiratory infection (sore
throat, otitis media, sinusitis, in-
fluenza and/or coryzal illness)

C-reactive protein ≤ 20 mg/L: self-limiting ARI,
withhold antibiotics

C-reactive protein 21 to 50 mg/L: the majority of
patients have self-limiting ARI, withhold antibi-
otics in most cases

C-reactive protein 51 to 99 mg/L: withhold an-
tibiotics in the majority of cases and consider
delayed antibiotics in the minority of cases

C-reactive protein ≥ 100 mg/L: severe infection,
prescribe antibiotics

Boere 2021 Cluster All somatic, psychogeriatric, and
short-stay (geriatric rehabilitation
and short-term residential care)
nursing home residents with a sus-
pected LRTI, according to their
physician’s assessment

C-reactive protein levels < 20 mg/L: self-limiting
LRTI. Assessment of signs, symptoms, risk fac-
tors, and CRP is important. Withhold antibiotics
in most cases

C-reactive protein levels 20 to 60 mg/L: assess-
ment of signs, symptoms, risk factors, and CRP
is important. Withhold antibiotics in most cases

C-reactive protein levels > 60 mg/L: severe infec-
tion, prescribe antibiotics

Table 6.   C-reactive protein - inclusion criteria and C-reactive protein algorithms of included studies  (Continued)

Abbreviations: AECOPD: acute exacerbations of chronic obstructive pulmonary disease; ARI: acute respiratory infection; COPD: chronic
obstructive pulmonary disease; CRP: C-reactive protein; GP: general practitioner; LRTI: lower respiratory tract infection; URTI: upper
respiratory tract infection; WHO: World Health Organization
*All studies stated that physicians could deviate from the algorithm at any time.
 
 

Study Randomisation Inclusion criteria Algorithm used

Lhopitallier 2021 Cluster Adults (> 18 years) with acute cough < 21
days and at least 1 of the following signs/
symptoms: history of fever for more than
4 days; dyspnoea; tachypnoea (> 22 cycles
per minute); abnormal focal findings upon
lung auscultation

Procalcitonin ≥ 0.25 μg/L: antibiotics
prescribing recommended

 

Antibiotic choice, dose, and duration
were leP to the discretion of the primary

Table 7.   Procalcitonin - inclusion criteria and procalcitonin algorithms of included studies 
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care physician. The physician could also
order further diagnostic tests.

Table 7.   Procalcitonin - inclusion criteria and procalcitonin algorithms of included studies  (Continued)

 
 

  NNT 95% CI

All trials 9 7 to 13

Individual RCT 10 7 to 18

Cluster-RCT* 8 5 to 20

Table 8.   C-reactive protein - number needed to test to save 1 antibiotic prescribing 

Abbreviations: CI: confidence interval; NNT: number needed to test; RCT: randomised controlled trial
*Cluster-randomised trials with modified sample size.

 
 

Outcome Studies Partici-
pants

Pooled resultsa

RR (95% CI); I2

Individually ran-
domised

RR (95% CI); I2

Cluster-ran-
domised

RR (95% CI); I2

Analysis

Reconsulta-
tions day 28

7 6256 1.06 (0.91 to 1.24); 0% 1.31 (0.90 to 1.89);
0%

1.01 (0.85 to 1.20);
0%

1.5

Hospital admis-
sions

10 7514 1.05 (0.72 to 1.53); 0% 1.02 (0.69 to 1.51);
0%

1.48 (0.36 to 6.17);
0%

1.6

Patient satis-
faction

3 1458 0.81 (0.50 to 1.29);
40%

1.15 (0.22 to 6.17);
62%

0.91 (0.55 to 1.51);
40%

1.7

Recovery day

28b

5 2324 1.02 (0.79 to 1.32); 0% - - 1.8

Table 9.   C-reactive protein - summary of secondary outcomes 

Abbreviations: CI: confidence interval; RR: risk ratio
aWhen I2 > 40%, separate analyses of individually and cluster-randomised trials are presented.
bDefined as at least substantial improvement.
 
 

Outcome Studies Participants RR (95% CI) Analysis

Reconsultations day 28 1 317 1.00 (0.69 to 1.46) 2.5

Hospital admissions 1 277 1.40 (0.26 to 7.51) 2.6

Patient satisfaction 1 308 0.96 (0.93 to 1.00) 2.7

Table 10.   Procalcitonin - summary of secondary outcomes 

Abbreviations: CI: confidence interval; RR: risk ratio
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A P P E N D I C E S

Appendix 1. CENTRAL and MEDLINE (Ovid) search strategy

1 exp Respiratory Tract Infections/
2 (respiratory* adj3 (inflam* or infect*)).tw.
3 (ari or urti or lrti).tw.
4 (pneumon* or bronchopneumon* or pleuropneumon*).tw.
5 exp Otitis media/
6 (otitis media or aom).tw.
7 (bronchit* or bronchiolit*).tw.
8 (pharyngit* or laryngit* or tonsillit* or sore throat* or cough*).tw.
9 (nasopharyngit* or rhinopharyngit*).tw.
10 (sinusit* or rhinosinusit* or nasosinusit*).tw.
11 (common cold* or coryza).tw.
12 ((acute or viral or bacter*) adj2 rhinit*).tw.
13 (influenza* or flu or ili).tw.
14 (severe acute respiratory syndrome or sars).tw.
15 croup.tw.
16 Pulmonary Disease, Chronic Obstructive/
17 ((acute or exacerbation*) adj3 (copd or coad or chronic obstructive pulmonary disease or chronic obstructive airway* disease or chronic
obstructive lung disease)).tw.
18 or/1-17
19 Point-of-Care Systems/
20 (("point of care" or "point-of-care" or "near patient" or poc or rapid or bedside) adj5 (test* or analys* or immunoassay* or technique*
or immunofluorescence or "fluorescent antibody" or fluorescent antibodies)).tw.
21 exp Biological Markers/
22 (biomarker* or (biological adj3 (marker* or indicator*))).tw.
23 Calcitonin/
24 calcitonin*.tw,nm.
25 procalcitonin*.tw,nm.
26 pct.tw.
27 C-Reactive Protein/
28 (c reactive protein or c-reactive protein or C-reactive protein).tw,nm.
29 exp Leukocyte Count/
30 ((leucocyte or leukocyte) adj1 count*).tw.
31 (neutrophil* adj1 count*).tw.
32 (white blood cell count* or wbc or wbcc).tw.
33 or/19-32
34 18 and 33
35 exp Anti-Bacterial Agents/
36 antibiotic*.tw.
37 exp Penicillins/
38 penicillin*.tw.
39 exp Macrolides/
40 macrolide*.tw,nm.
41 exp Amoxicillin/
42 (amoxicillin* or amoxycillin*).tw,nm.
43 amoxacillin*.tw,nm.
44 exp Tetracyclines/
45 tetracycline*.tw,nm.
46 exp Quinolones/
47 quinolone*.tw,nm.
48 ciprofloxacin*.tw,nm.
49 exp Ciprofloxacin/
50 or/35-49
51 34 and 50

Appendix 2. Embase (Elsevier) search strategy

#47 #38 AND #46
#46 #41 NOT #45
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#45 #42 NOT #44
#44 #42 AND #43
#43 'human'/de
#42 'animal'/de OR 'animal experiment'/de OR 'nonhuman'/de
#41 #39 OR #40
#40 random*:ab,ti OR placebo*:ab,ti OR allocat*:ab,ti OR crossover*:ab,ti OR 'cross over':ab,ti OR trial:ti OR (doubl* NEXT/1 blind*):ab,ti
#39 'randomised controlled trial'/exp OR 'single blind procedure'/exp OR 'double blind procedure'/exp OR 'crossover procedure'/exp
#38 #20 AND #32 AND #37
#37 #33 OR #34 OR #35 OR #36
#36 penicillin*:ab,ti OR macrolide*:ab,ti OR amoxacillin*:ab,ti OR amoxicillin*:ab,ti OR amoxycillin*:ab,ti OR tetracycline*:ab,ti OR
quinolone*:ab,ti OR ciprofloxacin*:ab,ti
#35 'quinolone derivative'/exp OR 'ciprofloxacin'/exp
#34 antibiotic*:ab,ti
#33 'antibiotic agent'/exp
#32 #21 OR #22 OR #23 OR #24 OR #25 OR #26 OR #27 OR #28 OR #29 OR #30 OR #31
#31 'neutrophil count':ab,ti
#30 'white blood cell count':ab,ti OR wbc:ab,ti OR wbcc:ab,ti
#29 ((leukocyte OR leucocyte) NEXT/1 count*):ab,ti
#28 'leukocyte count'/exp
#27 'c reactive protein':ab,ti OR 'c-reactive protein':ab,ti OR C-reactive protein:ab,ti
#26 'c reactive protein'/de
#25 procalcitonin:ab,ti OR calcitonin:ab,ti OR pct:ab,ti
#24 'procalcitonin'/de
#23 biomarker*:ab,ti OR (biological NEAR/2 (marker* OR indicator*)):ab,ti
#22 'biological marker'/de OR 'pharmacological biomarker'/de
#21 (('point of care' OR 'point-of-care' OR 'near patient' OR poc OR rapid OR bedside) NEAR/5 (test* OR analys* OR immunoassay* OR
technique* OR immunofluores* OR 'fluorescent antibody' OR 'fluorescent antibodies')):ab,ti
#20 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR #15 OR #16 OR #17 OR #18 OR #19
#19 ((acute OR exacerbation*) NEAR/3 (copd OR coad OR 'chronic obstructive pulmonary disease' OR 'chronic obstructive airways disease'
OR 'chronic obstructive lung disease')):ab,ti OR aecb:ab,ti
#18 'chronic obstructive lung disease'/de
#17 croup:ab,ti
#16 'severe acute respiratory syndrome':ab,ti OR sars:ab,ti
#15 influenza*:ab,ti OR flu:ab,ti OR ili:ab,ti
#14 ((acute OR viral OR bacter*) NEAR/2 rhinit*):ab,ti
#13 'common cold':ab,ti OR 'common colds':ab,ti OR coryza:ab,ti
#12 rhinosinusit*:ab,ti OR nasosinusit*:ab,ti
#11 nasopharyngit*:ab,ti OR rhinopharyngit*:ab,ti
#10 'sore throat'/de
#9 pharyngit*:ab,ti OR laryngit*:ab,ti OR tonsillit*:ab,ti OR 'sore throat':ab,ti OR 'sore throats':ab,ti OR cough*
#8 bronchit*:ab,ti OR bronchiolit*:ab,ti
#7 'otitis media':ab,ti OR aom:ab,ti
#6 'otitis media'/de OR 'acute otitis media'/exp
#5 pneumon*:ab,ti OR bronchopneumon*:ab,ti OR pleuropneumon*:ab,ti
#4 ari:ab,ti OR urti:ab,ti OR lrti:ab,ti
#3 (respiratory NEAR/2 (infect* OR inflam*)):ab,ti
#2 'respiratory tract inflammation'/exp
#1 'respiratory tract infection'/exp

Appendix 3. CINAHL (EBSCO) search strategy

S49 S38 and S48
S48 S39 or S40 or S41 or S42 or S43 or S44 or S45 or S46 or S47
S47 (MH "Quantitative Studies")
S46 TI placebo* OR AB placebo*
S45 (MH "Placebos")
S44 (MH "Random Assignment")
S43 TI random* OR AB random*
S42 TI ( (singl* or doubl* or tripl* or trebl*) N1 (blind* or mask*)) OR AB ((singl* or doubl* or tripl* or trebl*) N1 (blind* or mask*))
S41 TI clinical* trial* OR AB clinical* trial*
S40 PT clinical trial
S39 (MH "Clinical Trials+")
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S38 S18 and S32 and S37
S37 S33 or S34 or S35 or S36
S36 TI (penicillin* or macrolide* or amoxicillin* or amoxycillin* or amoxacillin* or tetracyclin* or quinolon* or ciprofloxacin*) OR AB
(penicillin* or macrolide* or amoxicillin* or amoxycillin* or amoxacillin* or tetracyclin* or quinolon* or ciprofloxacin*)
S35 (MH "Antiinfective Agents, Quinolone+")
S34 TI antibiotic* OR AB antibiotic*
S33 (MH "Antibiotics+")
S32 S19 or S20 or S21 or S22 or S23 or S24 or S25 or S26 or S27 or S28 or S29 or S30 or S31
S31 TI neutrophil* N1 count* OR AB neutrophil* N1 count*
S30 TI ("white blood cell count" or wbc or wbcc) OR AB ("white blood cell count" or wbc or wbcc)
S29 TI ( (leukocyte or leucocyte) N1 count*) OR AB ((leukocyte or leucocyte) N1 count*)
S28 (MH "Leukocyte Count")
S27 TI ("c reactive protein" or c-reactive protein or C-reactive protein) OR AB ("c reactive protein" or c-reactive protein or C-reactive protein)
S26 (MH "C-Reactive Protein")
S25 TI (procalcitonin or calcitonin or pct) OR AB (procalcitonin or calcitonin or pct)
S24 (MH "Calcitonin")
S23 TI (biological N2 (marker* or indicator*)) OR AB (biological N2 (marker* or indicator*))
S22 TI biomarker* OR AB biomarker*
S21 (MH "Biological Markers")
S20 TI (("point of care" or point-of-care or poc or "near patient" or rapid or bedside*) N5 (test* or analys* or immunoass* or technique* or
immunofluores* or "fluorescent antibody")) OR AB (("point of care" or point-of-care or poc or "near patient" or rapid or bedside*) N5 (test*
or analys* or immunoass* or technique* or immunofluores* or "fluorescent antibody"))
S19 (MH "Point-of-Care Testing")
S18 S1 or S2 or S3 or S4 or S5 or S6 or S7 or S8 or S9 or S10 or S11 or S12 or S13 or S14 or S15 or S16 or S17
S17 TI ((acute or exacerbation) N3 (copd or coad or chronic obstructive pulmonary disease or chronic obstructive airway* disease or chronic
obstructive lung disease)) OR AB ((acute or exacerbation) N3 (copd or coad or chronic obstructive pulmonary disease or chronic obstructive
airway* disease or chronic obstructive lung disease))
S16 (MH "Pulmonary Disease, Chronic Obstructive+")
S15 TI croup OR AB croup
S14 TI (severe acute respiratory syndrome or sars) OR AB (severe acute respiratory syndrome or sars)
S13 TI (influenza* or flu or ili) OR AB (influenza* or flu or ili)
S12 TI ((acute or viral or bacter*) N2 rhinit*) OR AB ((acute or viral or bacter*) N2 rhinit*)
S11 TI (common cold* or coryza) OR AB (common cold* or coryza)
S10 TI (sinusit* or rhinosinusit* or nasosinusit*) OR AB (sinusit* or rhinosinusit* or nasosinusit*)
S9 TI (nasopharyngit* or rhinopharyngit*) OR AB (nasopharyngit* or rhinopharyngit*)
S8 TI (pharyngit* or laryngit* or tonsillit* or sore throat* or cough*) OR AB (pharyngit* or laryngit* or tonsillit* or sore throat* or cough*)
S7 TI (otitis media or aom) OR AB (otitis media or aom)
S6 (MH "Otitis Media+")
S5 TI (bronchit* or bronchiolit*) OR AB (bronchit* or bronchiolit*)
S4 TI (pneumon* or bronchopneumon* or pleuropneumon*) OR AB (pneumon* or bronchopneumon* or pleuropneumon)
S3 TI (ari or arti or urti or lrti) OR AB (ari or arti or urti or lrti)
S2 TI (respiratory N3 (inflam* or infect*)) OR AB (respiratory N3 (inflam* or infect*))
S1 (MH "Respiratory Tract Infections+")

Appendix 4. Web of Science (Thomson Reuters) search strategy

 

# 6 347 #5 AND #4

Databases=SCI-EXPANDED, CPCI-S Timespan=All Years

Lemmatization=On  

# 5 1,313,934 Topic=(random* or rct or placebo* or allocat* or crossover* or "cross over" or
"clinical trial" or ((singl* or doubl*) NEAR/1 blind*)) OR Title=(trial)

Databases=SCI-EXPANDED, CPCI-S Timespan=All Years

Lemmatization=On  

# 4 1,358 #3 AND #2 AND #1
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Databases=SCI-EXPANDED, CPCI-S Timespan=All Years

Lemmatization=On  

# 3 255,737 Topic=(antibiotic* or penicillin* or macrolide* or amoxicillin* or amoxycillin*
or amoxacillin* or tetracyclin* or quinolone* or ciprofloxacin*)

Databases=SCI-EXPANDED, CPCI-S Timespan=All Years

Lemmatization=On  

# 2 241,330 Topic=(("point of care" or "point-of-care" or "near patient" or poc or rapid or
bedside) NEAR/5 (test* or analys* or immunoassay* or technique* or immuno-
fluorescence or "fluorescent antibody")) OR Topic=(biomarker* or (biological
NEAR/3 (marker* or indicator*)) or calcitonin* or procalcitonin* or pct or "c-re-
active protein" or "c reactive protein" or C-reactive protein or ((leukocyte or
leucocyte or neutrophil* or "white blood cell" or wbc) NEAR/2 count*) or wbcc)

Databases=SCI-EXPANDED, CPCI-S Timespan=All Years

Lemmatization=On  

# 1 286,470 Topic=((respiratory NEAR/3 (infect* or inflam*)) or pneumon* or broncopneu-
mon* or pleuropneumon* or "otitis media" or bronchit* or bronchiolit* or
pharyngit* or laryngit* or tonsilit* or "sore throat" or "sore throats" or cough*
or nasopharyngit* or rhinopharyngit* or sinusit* or rhinosinusit* or nasosi-
nusit* or "common cold" or "common colds" or coryza or ((acute or viral or
bacter*) NEAR/2 rhinit*) or influenza* or flu or ili or "severe acute respirato-
ry syndrome" or sars or croup) OR Topic=((acute or exacerbation*) NEAR/3
("chronic obstructive pulmonary disease" or "chronic obstructive airway dis-
ease" or "chronic obstructive airways disease" or "chronic obstructive lung
disease" or copd or coad))

Databases=SCI-EXPANDED, CPCI-S Timespan=All Years

Lemmatization=On  

  (Continued)

 

Appendix 5. LILACS (BIREME) search strategy

> Search > (MH:"Point-of-Care Systems" OR "Bedside Testing" OR "Point of Care Technology" OR "Computación de Cabecera"
OR "Diagnóstico de Cabecera" OR "Tecnología de Atención de Punto" OR "Computação Junto ao Leito" OR "Testes Junto ao
Leito" OR "Tecnologia de Assistência" OR "Junto ao Leito" OR "point of care" OR "point-of-care" OR poc OR "near patient"
OR bedside OR rapid OR immunoassay$ OR immunofluorescence OR "fluorescent antibody" OR MH:"Biological Markers" OR
MH:D23.101$ OR "Marcadores Biológicos" OR "Biochemical Markers" OR "Clinical Markers" OR biomarker$ OR "biological marker"
OR "biological markers" OR "biological indicator" OR "biological indicators" OR "Immunologic Markers" OR "surrogate markers" OR
"viral markers" OR "Marcadores Bioquímicos" OR "Marcadores Clínicos" OR "Marcadores Inmunológicos" OR "Marcadores Sustitutos"
OR "Marcadores Virales" OR "Marcadores Bioquímicos" OR "Marcadores Clínicos" OR "Marcadores Imunológicos" OR "Marcadores
Substitutos" OR "Marcadores Séricos" OR "Marcadores Virais" OR MH:Calcitonin OR calcitonin$ OR procalcitonin$ OR pct OR MH:"C-
Reactive Protein" OR "c-reactive protein" OR "c reactive protein" OR C-reactive protein OR "Proteína C-Reactiva" OR "Proteína C-
Reativa" OR MH:"Leukocyte Count" OR "white blood cell count" OR "leukocyte count" OR "leucocyte count" OR "Recuento de
Leucocitos" OR "Contagem de Leucócitos" OR "Número de Leucocitos" OR "Recuento de Células Blancas Sanguíneas" OR "Número
de Leucócitos" OR "Contagem de Células Brancas do Sangue" OR "neutrophil count" OR wbcc OR wbc) AND (MH:"Anti-Bacterial
Agents" OR antibiotic$ OR Antibacterianos OR MH:D27.505.954.122.085$ OR MH:Penicillins OR penicil$ OR MH:D02.065.589.099.750$
OR MH:D02.886.108.750$ OR MH:D03.438.260.825$ OR MH:D03.605.084.737$ OR MH:D04.075.080.875.099.221.750$ OR MH:Macrolides OR
macrolid$ OR MH:D02.540.505$ OR MH:D02.540.576.500$ OR MH:D04.345.674.500$ OR MH:Amoxicillin OR amoxicil$ OR amoxacillin$ OR
amoxycillin$ OR MH:D02.065.589.099.750.750.050.050$ OR MH:D02.886.108.750.750.050.050$ OR MH:D03.438.260.825.750.050.050$ OR
MH:D03.605.084.737.750.050.050$ OR MH:D04.075.080.875.099.221.750.750.050.050$ OR MH:Tetracyclines OR tetracyclin$ OR Tetraciclin
$ OR MH:D02.455.426.559.847.562.900$ OR MH:D04.615.562.900$ OR MH:Quinolones OR MH:quinolon$ OR MH:D03.438.810.835$ OR
MH:Ciprofloxacin OR ciprofloxacin$ OR MH:D03.438.810.835.322.186$) > clinical_trials
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Date Event Description

19 October 2022 Amended Review republished to correct author byline order.

 

H I S T O R Y

Protocol first published: Issue 10, 2012
Review first published: Issue 11, 2014

 

Date Event Description

14 June 2022 New citation required but conclusions
have not changed

The previous version of this review did not register any events
of death and was not able to carry out an analysis on mortality.
This update includes four studies with events, and we were able
to carry out an analysis and added conclusions on mortality. We
concluded that C-reactive protein tests may not increase mortali-
ty, but because there were few events, the certainty of the effect
estimate is low. The evidence is uncertain as to whether procalci-
tonin point-of-care tests affect primary and secondary outcomes,
as data were sparse. More studies are needed to evaluate the use
of procalcitonin on antibiotic prescriptions, recovery, hospital
admission, and mortality.

14 June 2022 New search has been performed We updated the searches for this review. We included seven
new studies (Althaus 2019; Boere 2021; Butler 2019; Do 2016;
Lhopitallier 2021; Little 2019; Schot 2018), and excluded 18
new studies (Ameyaw 2014; de Lusignan 2020; Eley 2020; Fiore
2017; Huang 2018; Isa 2022; Keitel 2017; Little 2014; Mann 2020;
Meili 2016; Minnaard 2016; Montassier 2019; Oppong 2018; Reb-
nord 2016a; Schechter-Perkins 2019; Stannard 2014; Van den
Bruel 2016; Verbakel 2016). We identified five ongoing studies
(ISRCTN01559032; NCT03540706; NCT03855215; NCT03931577;
NCT04216277).

 

C O N T R I B U T I O N S   O F   A U T H O R S

Protocol stage

Rune Aabenhus (RA) was responsible for draPing the protocol.

Review stage

RA and Jens-Ulrik S Jensen (J-U SJ) were responsible for selecting trials for inclusion and data extraction.
RA was responsible for entering data into RevMan Web and analysing data.
RA was responsible for draPing the final review.
All authors were responsible for interpreting the analyses.

Update stage

Siri Aas Smedemark (SAS) and Carl Llor (CL) were responsible for selecting trials for inclusion and data extraction for the current update.
SAS was responsible for entering data into RevMan Web and analysing data.
SAS was responsible for draPing the final review.
All authors were responsible for interpreting the analyses and revising the text of the review.
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Next update stage

SAS will be responsible for updating this review.
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D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

Changes from the 2014 review

Types of interventions

We have changed the wording in the Types of interventions section to clarify the interventions eligible for this review. These changes did
not impact on the decision to include or exclude any specific studies.

Follow-up period

We changed the wording used in the original review and protocol from “at 28 days follow-up” and “at day seven” to "within 28 days follow-
up” and "within seven days follow-up” in the Methods to specify the follow-up period more precisely. We chose to change the wording in
order to avoid misinterpretation. We also specified the follow-up period to clarify the follow-up periods for future updates. This did not
change our decision to include or exclude any specific studies from the review, but it did change which studies were included in our meta-
analysis. 

Search procedure

We did not search conference abstracts. We carried out a search in the EU Clinical Trials Register to identify further studies or ongoing
studies.

Changes from the protocol

Types of interventions

The requirement for specific cut-oH points in the intervention group was removed in the original review, and we kept to the methods as
carried out in the original review.
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Methods

We extracted and used intraclass correlation coeHicients (ICCs) for cluster-randomised trials in order to avoid a unit of analysis error.

Plans for dichotomising recovery and patient satisfaction data were introduced in the original review, and we kept this plan.

Plans for performing a power calculation to determine the sample size of future studies were removed in the original review, and we kept
this plan.

Subgroup analysis

We were unable to compare studies performed in participants with suspected serious infections (e.g. pneumonia) and suspicion of less
serious infections (e.g. common cold and bronchitis) due to lack of data on specific diagnoses. However, we reported reductions in
antibiotic use by C-reactive protein guidance in upper acute respiratory infections (ARI) and lower ARI.

We were unable to compare diHerent biomarkers, as only one study was identified evaluating procalcitonin as a point-of-care biomarker
in ARI in primary care.

As the intervention did not lend itself to blinding, we chose to omit conducting the subgroup analysis on trials at low risk of bias and at
high risk of bias.

We have included a post hoc analysis of C-reactive protein algorithms of newer studies with a clear cut-oH of 20 mg/L to withhold antibiotic
treatment and older studies without a clear cut-oH to withhold antibiotic treatment.

Sensitivity analysis

We did not carry out the planned fixed-eHect meta-analysis as a sensitivity analysis due to the considerable heterogeneity of data.

We added a post hoc sensitivity analysis on follow-up period, as we had to specify the follow-up period that was not prespecified in the
protocol or the original review. The post hoc sensitivity analysis on follow-up period did not change which studies to include from the
original review, but did change which studies to include in the meta-analysis from the current search carried out in June 2022.

Previous changes from the protocol

Methods

We removed the requirement for specific cut-oH-points in the intervention group.

We extracted and used ICCs for cluster-randomised trials in order to avoid a unit of analysis error.

We removed plans to use continuous measures, and introduced plans to dichotomise recovery and patient satisfaction data.

We removed plans for performing a power calculation to determine the sample size of future studies.

Subgroup analysis

We were unable to compare studies performed in participants with suspected serious infections (e.g. pneumonia) and suspicion of less
serious infections (e.g. common cold and bronchitis) due to lack of data on specific diagnoses. However, we have reported reductions in
antibiotic use by C-reactive protein guidance in upper ARI and lower ARI.

We were unable to compare diHerent biomarkers, as most studies investigated C-reactive protein point-of-care tests, and only one study
investigated procalcitonin as a point-of-care test in primary care.

As the intervention did not lend itself to blinding, we chose to omit conducting the subgroup analysis on studies at low risk of bias and
at high risk of bias.

We have included a post hoc analysis of C-reactive protein algorithms of newer studies with a clear cut-oH of 20 mg/L to withhold antibiotic
treatment and older studies without a clear cut-oH to withhold antibiotic treatment.

Sensitivity analysis

We did not carry out the planned fixed-eHect meta-analysis as a sensitivity analysis due to the considerable heterogeneity of data.
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I N D E X   T E R M S

Medical Subject Headings (MeSH)

*Anti-Bacterial Agents  [therapeutic use];  Biomarkers;  C-Reactive Protein  [analysis];  Inflammation;  Point-of-Care Testing; 
Prescriptions;  Primary Health Care;  Procalcitonin  [therapeutic use];  Randomized Controlled Trials as Topic;  *Respiratory Tract
Infections  [diagnosis]  [drug therapy]

MeSH check words

Aged; Child; Humans
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