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Abstract

Background

Point-of-care-tests (POCTs) have been advocated to optimise care in patients with infec-

tions but their actual use varies. This study aimed to estimate the variability in the adoption

of current POCTs by paediatricians across Europe, and to explore the determinants of

variability.

Methods and findings

A cross-sectional survey was conducted of hospital and primary care paediatricians,

recruited through professional networks. Questions focused on the availability and use of

currently available POCTs. Data were analysed descriptively and using Median Odds Ratio

(MOR) to measure variation between countries. Multilevel regression modelling using

changes in the area under the receiver operating characteristic curve of models were used

to assess the contribution of individual or workplace versus country level factors, to the

observed variation.

The commonest POCT was urine dipsticks (UD) which were available to >80% of primary

care and hospital paediatricians in 68% (13/19) and 79% (23/29) countries, respectively.

Availability of all POCTs varied between countries. In primary care, the country (MOR) var-

ied from 1.61 (95%CI: 1.04–2.58) for lactate to 7.28 (95%CI: 3.04–24.35) for UD. In hospi-

tals, the country MOR varied from 1.37 (95%CI:1.04–1.80) for lactate to 11.93 (95%

CI:3.35–72.23) for UD. Most paediatricians in primary care (69%, 795/1154) and hospital

(81%, 962/1188) would use a diagnostic test in the case scenario of an infant with undiffer-

entiated fever. Multilevel regression modelling showed that the country of work was more

important in predicting both the availability and use of POCTs than individual or workplace

characteristics.

Conclusion

There is substantial variability in the adoption of POCTs for the management of acute infec-

tions in children across Europe. To inform future implementation of both existing and innova-

tive tests, further research is needed to understand what drives the variation between

countries, the needs of frontline clinicians, and the role of diagnostic tests in the manage-

ment of acute childhood infections.

Introduction

Fever is one of the commonest reasons for children to be presented to healthcare services [1].

Although most febrile children have self-limiting infections [2,3], the consequences of severe

infections can be catastrophic. The clinical features of infections in children are often non-
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specific making it difficult to identify which children require antibiotics and which children

may deteriorate and therefore require referral or admission [2]. Diagnostic uncertainty and

avoidance of risk contributes to unnecessary admissions, and over-prescription of antibiotics

[4], which may contribute to antimicrobial resistance [5].

Point-of-care tests (POCT) have the potential to improve patient care and antibiotic use

depending on their accuracy, how quickly the results are available, how much they are trusted

by the healthcare worker, and other factors. They have been widely advocated to reduce antibi-

otic resistance [5].

Existing POCTs which can be performed by clinicians at the point of care are available in a

number of formats including dipsticks, lateral flow tests, and table-top or handheld devices

into which samples are introduced directly (e.g. blood gas analysers) or using a cartridge or

test strip. Some tests can detect the presence of a pathogen, e.g. the Group A Streptococcus

(GAS) rapid test; others measure the host reaction to infection, such as C-reactive protein

(CRP) POCTs or White Blood Cell count; or do both, for example urine dipsticks (UD), which

detect nitrites produced by bacteria, and the host’s leucocyte-esterase.

Studies of their clinical effectiveness in the management acute childhood infections have

mainly focused on their impact in reducing the use of antibiotics. A recent systematic review

concluded that the use of GAS POCTs in primary care can reduce antibiotic prescription [6].

Other systematic reviews have found that the use of Influenza POCTs reduced the use of chest

radiographs in children with respiratory infections in ambulatory care [7] and in emergency

departments [8], and that CRP POCTs may allow reducing the use of antibiotics in children

presenting with acute infections in primary care [9,10]. Another review found that urine dip-

sticks were effective in identifying children with urinary infections [11], but it is unclear if

their use leads to improved clinical outcomes. Evidence about the clinical effectiveness of

using other POCTs in children with acute infections is lacking. In terms of cost-effectiveness,

one study [12] showed that using urine dipsticks in primary care was not cost-effective in the

United Kingdom, and, to the best of our knowledge, there are no cost-effectiveness studies

assessing the use of other POCTs in children with acute infections in European settings.

There is evidence of wide variation in how children with acute infections are managed in

selected emergency departments across Europe [13,14], but limited data from a broader range

of settings or focusing specifically on the availability and use of POCTs in this population. The

use of POCTs in the management of adults in primary care varies [15–21], but few studies

aimed at understanding the reason behind this variation.

The landscape for rapid diagnostic tests is changing rapidly. In order to inform implemen-

tation of future and existing tests, this study aimed to estimate the variability in the availability

and use of existing POCTs for the management of acute childhood infections across Europe

by paediatricians working in primary care and in hospitals, and to explore the determinants of

variability.

Materials and methods

Study design and setting

An online cross-sectional survey of paediatricians from across Europe was conducted between

September and November 2019.

Participants

The inclusion criteria were: clinically active paediatricians working in primary care or in a hos-

pital in one of 29 countries in Europe in which the research team had collaborators (S1 Supple-

mentary materials).
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Paediatricians were approached through research networks including the Personalised Risk

assessment in febrile illness to optimise Real-life Management across Europe (PERFORM)

consortium, European Academy of Paediatrics Research in Ambulatory Settings network

(EAPRASnet), European Society of Paediatric Infectious Diseases, Research in European Pae-

diatric Emergency Medicine, and national associations of paediatrics.

Within each network, an email invitation with a web-link was sent to all members. Clicking

on the link directed participants to a participant information sheet and consent form. After

providing electronic consent, participants were directed to the start of the questionnaire.

Three reminders were sent two weeks apart. Participation was monitored weekly, and in coun-

tries with low participation, national coordinators further disseminated the survey through

professional networks. No incentives were offered.

POCTs and outcome measures

For this study we focused on the availability and use of POCTs that can help frontline paedia-

tricians to make clinical decisions within the timeframe of the consultation, i.e. usually per-

formed (including sampling and processing of the sample) by the doctor or nurse close to the

patient and with results available within around 15 minutes. The nine POCTs were selected by

consensus of experts from 11 European countries based on their knowledge of current paediat-

ric practice in their countries and the results of a first pilot study (see below). We did not

restrict the inclusion of POCTs to those for which there is evidence of clinical and cost-effec-

tiveness because we are interested in the current “real world” availability and use of POCTs.

The following nine POCTs were included:

• POCTs that detect the presence of a pathogen (antigen-based tests only):

� Group A Streptococcus (GAS) rapid POCTs

� Respiratory syncytial virus (RSV) antigen-based POCTs

� Influenza antigen-based POCTs

• POCTs that measure the host reaction to infection:

� Full blood count or white blood cell count POCTs

� C-reactive protein (CRP) POCTs

� Procalcitonin POCTs

� Blood gas POCTs to measure acid base status +/- glucose +/- lactate

� POCTs measuring lactate alone

• POCTs that detect the presence of pathogens and host reaction:

�Urine dipsticks (for nitrites and leucocyte esterase)

More recent (PCR) based POCTs were not included because to our knowledge they were

not being routinely performed by frontline clinicians in any setting; most have a turnaround

of> 30 minutes and are performed in laboratories by technicians at fixed times of the day.

Thus they were felt to be outside the scope of the study.

The main outcomes of interest were the availability and use of existing POCTs used in

the management of acute childhood infections in European settings. “Availability” was defined

as the proportion of paediatricians reporting that the POCT was available in their workplace,

and “use” was defined as the proportion of respondents who reported that they would use a
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POCT, if available, in a clinical scenario of an infant with undifferentiated fever (described

below).

Questionnaires

The questionnaires were developed to estimate the outcomes and their association with differ-

ent factors. To investigate the use of POCTs we used a clinical vignette, with the aim of repli-

cating a common scenario in which there is diagnostic uncertainty. We therefore based the

vignette on a 4-month-old infant not severely unwell, but febrile without a focus (S2 Supple-

mentary materials). Two similar questionnaires were developed in English, one for primary

care and another for hospital paediatricians. These drafts were shared with paediatricians from

11 countries and adapted according to their feedback. The questionnaires were then piloted

with 58 paediatricians at the 2017 European Academy of Paediatrics conference. Further revi-

sions were made to improve the clarity and relevance of questions. The questionnaires were

then translated into French, German, Greek, Hungarian, Italian, Latvian, Polish, Spanish, Slo-

venian, and Ukrainian, and then back translated into English by another blinded translator.

The on-line English and Slovenian versions were piloted in Norway and Slovenia in June-July

2019 with 115 paediatricians. After correcting a few typographical errors and formatting, the

final electronic formats were uploaded on the websites of the participating networks.

Sample size

A sample size of 1064 primary care paediatricians and 1787 hospital paediatricians was com-

puted allowing for the estimation of the main outcomes with 90% confidence, a margin of error

below 10%, and an expected proportion of the outcomes of 50% in each country. We also

assessed and confirmed that these sample sizes would be sufficient to identify determinants of

the main outcomes in multivariable logistic regression analyses (S1 Supplementary materials).

Analysis

Descriptive statistics were used to derive individual and workplace (primary care practice or

hospital) characteristics and estimates of the availability and use of POCTs per country.

Multilevel logistic regressions were performed to assess the associations of variables at dif-

ferent levels of determinants (namely at the level of the workplace and at the level of the coun-

try) and the availability of POCTs. Assessing the separate effects of these two levels is

important because workplace characteristics vary across workplaces, while country character-

istics (e.g., laws, health regulations) are assumed to be the same across all workplaces within a

country (S3 Supplementary materials for more explanations). For each POCT, we used a step-

wise approach including three models based on the approach developed by Merlo and col-

leagues [22]: Model 1 was a simple logistic regression that included only workplace

characteristics. This model was a base that was used as a comparator of Model 2. Model 2 was

a multilevel logistic analysis which extended Model 1 by adding a second level, the country

where the primary care practice or hospital was based. This multilevel analysis allows under-

standing the relative contributions of workplace characteristics and of country as a whole to

the availability of POCTs. We compared the area under the receiver operating characteristic

curve (AUC) of each model. Unlike clinical studies in which the change in AUC is often used

to describe the increase in the accuracy of a diagnostic test, in this analysis the change in AUC

between Models 1 and 2 is a measure of how the country as a whole contributes to predicting

the availability of POCTs. If there is no change in AUC, the country as a whole does not con-

tribute more than workplace characteristics; if there is an increase in AUC, this means that the

country predicts better the availability of POCTs, and thus is a more important determinant.
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We also derived median odds ratios (MOR) [22] to assess the magnitude of the variation of

availability between countries. The MOR is the median value of the distribution of ORs

obtained when randomly picking two workplaces with the same characteristics from two

countries and comparing the one with the higher availability of POCTs to the one with the

lower availability. The MOR reflects the change of odds of availability of a POCT if a workplace

would be in another country. If the MOR = 1, there is no change in odds. If the MOR>1, there

is a variation across countries, and the larger the MOR the larger the variation is. Model 3 is an

extension of Model 2 in which two country-specific characteristics (health expenditure per

capita and financing scheme, see below) were added. While Model 1 and 2 assessed how much

workplace characteristics and country as a whole explain the availability of POCTs, Model 3

sought to examine the extent to which the effect of country as a whole could be explained by

the two measured country-specific characteristics. With regards the two country characteris-

tics, we used 80% interval odds ratio (IOR80) [22]. IOR80 were used because in multilevel

analyses the ORs of the higher level variables (here the two country characteristics) only allow

comparison of workplaces within a country but not across countries. The IOR80 overcomes

this limitation. When the IOR80 includes one, the variable effect is considered as minor (S3

Supplementary materials for more information). Model 3 was also used to assess the effect of

workplace characteristics adjusting for county as a whole and for the two measured country

characteristics, as these combined adjustments were not done in Models 1 and 2.

Directed acyclic graphs (DAGs) were developed to identify the variables that could be safely

included in regression models to minimize confounding between the independent and depen-

dent variables [23] (S4 Supplementary materials). The workplace variables in primary care

were: sector of activity (private/public), practice size (solo/ group practice), turnaround time

for routine tests such as C-reactive protein or full blood count from the external laboratory

(continuous), distance to this laboratory (continuous), and who takes bloods (doctor/another

person). In hospitals the variables were: sector of activity (private/public), level of care (second-

ary/tertiary hospital), hospital specialty (general hospital/paediatric or women’s and children’s

hospital), turnaround time from the hospital laboratory for routine tests such as C-reactive

protein or full blood count (continuous), and who takes blood (doctor/another person). The

country-specific variables were: health expenditure per capita (continuous), and main financ-

ing scheme (government/mandatory health insurance/voluntary insurance or out-of-pocket).

A similar stepwise approach was used to identify determinants of POCT use in the clinical

scenario, but only the two first steps were used as the two country-specific variables were not

considered to potentially be associated with the clinicians’ decision to use POCTs. Model 4

included both workplace and clinicians’ characteristics, and Model 5 was again an extension of

Model 4 in which the country as a whole was included as a second level (S3 Supplementary

materials).

All participant questionnaires were included in the descriptive analyses. For the regression

analyses, only questionnaires that provided data on the outcomes and potential explanatory

variables were analysed (data flow chart in S5 Supplementary materials).

Continuous variables were not categorised to avoid arbitrary cut-offs. Quadratic transfor-

mations were used when the relationship between continuous variables and the outcome was

not linear, and when the quadratic variable improved the fit of the models. All continuous var-

iables were centred at the mean value of the observations. The models were estimated using

Markov chain Monte Carlo methods (MCMC) to obtain robust parameter estimates with 95%

Credible Intervals. The deviance information criterion (DIC) was used to assess and compare

the goodness of fit of the models. A difference of more than ten in DIC is considered to show

significant differences between models [24]. Analyses were performed with Stata 161 and

MLwin 3.051.
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Ethical approval was obtained from the London School of Hygiene and Tropical Medicine

Ethics Committee (Ref: 15977).

Results

Participant characteristics

The study included 1154 primary care paediatricians from 19 countries, and 1188 hospital pae-

diatricians from 504 unique hospitals from 29 countries (Fig 1 and data workflow in S5 Supple-

mentary materials). The response rate per network cannot be estimated because paediatricians

might have been members of several networks. Almost half (46.4%, 535/ 1154) of the primary

care paediatricians had practiced for 30 or more years, and only 7.6% (88/1154) had practised

for less than ten years. This compares with almost a quarter (22.4%, 266/1188) of the hospital

paediatricians being trainees and 26.7% (317/1188) reporting less than ten years’ experience. Of

the hospital paediatricians, a quarter were general paediatricians (24.8%, 295/1188), and 14.6%

(173/1188) were infectious disease specialists. Around one third of primary care paediatricians

worked in solo practices (34.7%, 400/1154) and in the private sector (37.1%, 428/1154). Most of

the hospital paediatricians (91.9%, 463/1154) worked in public hospitals (Table 1).

Availability of POCTs

There was large variation in the reported availability of different POCTs across countries with

the variation being greater for some POCTs than others (Fig 2). In primary care, urine

Fig 1. Origin of participants. Countries in light grey indicate the origin of participants. Total number of participants:

Primary care participants n = 1,154; hospital participants n = 1,188. Number of participants is proportional to the pie

size. The dark green slices indicate the share of primary care participants and the light green slices the share of hospital

participant for a given country.

https://doi.org/10.1371/journal.pone.0275336.g001
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dipsticks and GAS POCTs were the most available test and were available to over 80% of pae-

diatricians in 68% (13/19) and 63% (12/19) of countries, respectively. Availability of other tests

varied more, especially for CRP which was available to 40–79% of paediatricians in 42% (8/19)

of countries, but to over 80% in 26% (5/19) of countries, and to under 20% of paediatricians in

10% (2/19) of countries. In hospitals, urine dipsticks were again the most available POCTs: in

Table 1. Characteristics of participants and workplaces.

Characteristics of participants

Primary care paediatricians

n = 1154

n (%)

Hospital paediatricians n = 1188

n (%)

Expertise Paediatric trainee 22 (1.9) Paediatric trainee 266 (22.4)

General

paediatrician

1132

(98.1)

General paediatrician 295 (24.8)

Emergency medicine paediatrician 71 (6.0)

Infectious diseases paediatrician 173 (14.6)

Other paediatric subspecialty 383 (32.2)

Years of clinical <10 88 (7.6) <10 317 (26.7)

practice 10-<20 227

(19.7)

10-<20 380 (32.0)

20-<30 304

(26.3)

20-<30 264 (22.2)

30-<40 418

(36.2)

30-<40 176 (14.8)

�40 117

(10.1)

�40 51 (4.3)

Typical duration of consultation in busy

periods of the year (minutes)

Median: 10 (IQR: 8–15) Median: 15 (IQR: 15–20)

Characteristics of workplaces

Primary care practices

n = 1154

n (%)

Hospitals n = 504

n (%)

Sector of activity Private sector 428

(37.1)

Sector of activity Private sector 41 (8.1)

Public sector 726

(62.9)

Public sector 463

(91.9)

Group or solo practice Solo 400

(34.7)

Hospital level of care Secondary care 244

(48.4)

Group 754

(65.3)

Secondary and tertiary care 260

(51.6)

Distance to closest external Median: 1 (IQR: <1–5) Hospital specialty General hospital 334

(66.3)

laboratory (km) Paediatric or women’s-and-

children’s hospital

170

(33.7)

Who takes bloods Doctors 176

(15.3)

Who takes bloods Doctors 128

(25.4)

Other healthcare

worker

682

(59.1)

Other healthcare worker 376

(74.6)

Bloods not taken 296

(25.7)

Shortest turnaround time for blood tests

results from external lab (days)

Median: 1 (IQR: <1–5) Shortest turnaround time for blood tests

results from hospital lab (minutes)

Median: 60 (IQR:45–90)

https://doi.org/10.1371/journal.pone.0275336.t001
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more than 80% of hospitals in 79% (23/29) of countries. Point-of-care blood gas analysis was

also widely available with over 80% of paediatricians reporting it available in 65% (19/29) of

countries. For other POCTs, availability varied greatly across different countries (S6 Supple-

mentary materials for estimates per country).

Importance of country of work on the availability of POCTs

The country of work was more important in predicting the availability of all POCTs in primary

care and hospitals (except for lactate POCT) than workplace characteristics, as shown by the

comparison of the AUC of Models 1 and 2 (AUC increase: 0.06–0.34) (Fig 3). The country

Fig 2. Percentage of paediatricians reporting availability of selected POCTs in each country. GAS: Group A Strep.;

CRP: C-Reactive protein; FBC: Full blood count; RSV: Respiratory Syncytial Virus.

https://doi.org/10.1371/journal.pone.0275336.g002
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median odds ratios (MOR) was greater than one for all POCTs (Fig 4A and 4B). For primary

care it varied from 1.61 (95%CI: 1.04–2.58) for lactate to 7.28 (95%CI: 3.04–24.35) for urine

dipsticks. This indicates that the median change in odds of availability would increase by a fac-

tor of 1.61 for lactate POCT and a factor of 7.28 for urine dipsticks when moving from a coun-

try with lower odds to a country with higher odds chosen at random and shows that there is

Fig 3. Area under the receiver operating curves (AUC) for the availability of POCTs in primary care practices and hospitals (Models 1 and 2). Blue curve:

Model which adjusts for workplace characteristics (primary care practice or hospital characteristics (Model 1). Red curve: Model 1 + adjustment for country of

work (Model 2). The greater AUC when including country of work indicates that country of work predicts better the availability of POCTs than workplace

characteristics. The diagonal line represents an AUC of 0.50, i.e., a model with no predictive power.4AUC: Change in AUC when adding country of work

(i.e., change in AUC when moving from Model 1 to Model 2).4DIC: Difference in Deviance Information Criterion. A4DIC>10 is considered a significant

difference between models.

https://doi.org/10.1371/journal.pone.0275336.g003

Fig 4. Variation in the availability of POCTs between the included countries expressed as median odds ratio (MORs). GAS: Group A streptococcus; RSV:

Respiratory syncytial virus; FBC/WBC: Full blood count/White blood count; CRP: C-reactive protein; PCT: Procalcitonin. A: Country MORs for the

availability of POCTs in primary care. B: Country MORs for the availability of POCTs in hospitals. MOR>1 indicate variation in the availability of POCTs

across countries.

https://doi.org/10.1371/journal.pone.0275336.g004
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substantial between-country variation. For hospitals, the MOR varied from 1.37 (95%CI:1.04–

1.80) for lactate to 11.93 (3.35–72.23) for urine dipsticks.

Effect of specific country and workplace characteristics on the availability

of POCTs

In Model 3 the two measured specific country characteristics (health expenditure per capita

and main financing scheme) showed no significant effects either in primary care or in hospi-

tals (Table 2).

In terms of specific workplace characteristics, few variables showed a significant effect. In

primary care, compared to public facilities, private practices had higher odds of availability of

several POCTs including GAS (OR: 2.29, 95%CI: 1.07–4.39), RSV (OR: 2.36, 95%CI: 1.30–

3.98), influenza (OR: 2.76, 95%CI: 1.71–4.22), and procalcitonin (OR: 2.32, 95%CI: 1.04–4.49)

POCTs. Solo practices had lower odds of availability of GAS (OR: 0.50, 95%CI: 0.24–0.91), and

CRP (OR: 0.61, 95%CI: 0.36–0.95) POCTs compared to group practices. A longer distance to

the external laboratory was associated with lower odds of availability of FBC (OR per each km

increase: 0.97, 95%CI: 0.95–0.98), procalcitonin (OR: 0.96, 95%CI: 0.91–0.99), blood gas (OR:

0.93, 95%CI: 0.88–0.97), and lactate (OR: 0.93, 95%CI: 0.87–0.98) POCTs. In hospitals, private

hospitals had higher odds of availability of GAS (OR: 3.38, 95%CI: 1.21–8.00), FBC (OR: 2.57,

95%CI: 1.07–5.40), CRP (OR: 3.05, 95%CI: 1.29–6.31), and procalcitonin (OR: 2.83, 95%CI:

1.15–5.95) POCTs.

Use of POCTS in the clinical scenario

69% (795/1154) of primary care paediatricians and 81% (962/1188) of hospital paediatricians

reported they would use at least one diagnostic in the clinical scenario. Urine dipsticks, CRP,

and influenza were the most commonly cited POCTs by primary care paediatricians (90%,

65%, and 51%, respectively), and hospital paediatricians (61%, 48%, and 50%, respectively) (S7

Supplementary materials for estimates per country).

Importance of country as a whole on the reported use of POCTs in the

clinical scenario

The comparison of Models 4 and 5 showed that adding the country improved the prediction

of the use of all POCTs in the clinical scenario (AUC increase: 0.04–0.17), but this was not sig-

nificant for lactate by primary care paediatricians, and for RSV, FBC, and CRP by hospital pae-

diatricians (Fig 5). This shows again that the country as a whole is overall more important to

predict the use of most POCTs than workplace and clinician characteristics, although the

increases in AUC between Models 4 and 5 were smaller overall compared to the increases in

AUC between models 1 and 2.

The country MOR was greater than one for all POCTs (Fig 6B and 6C). It varied from 2.00

(95%CI:1.03–5.13) for lactate to 4.49 (95%CI:2.01–12.26) for urine dipsticks use in primary

care, and from 1.39 (95%CI:1.01–1.81) for CRP to 2.90 (95%CI:1.84–4.95) for blood gas use in

hospitals.

Effect of specific workplace and clinician characteristics on the use of

POCTs in the clinical scenario

Few specific workplace or clinician characteristics showed a significant effect on the use of

POCTs. In primary care, a longer turnaround time for diagnostics results by the external labo-

ratory was associated with higher odds of using CRP POCT (OR: 6.20; 95%CI:1.55–18.01) and
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Table 2. Effect of specific workplace and country level variables on the availability of POCTs in primary care practices and hospitals (Model 3).

A. Primary care practices (observations: 847)

Primary care practice

variables

Statistic Pathogen-based POCTs Host-based POCTs Pathogen and

host-based tests

GAS RSV Influenza Full or

white blood

count

C-reactive

protein

PCT Blood gas Lactate Urine dipstick

Private vs public primary

care practice

OR (95% CrI) 2.29

(1.07–

4.39)

2.36

(1.30–

3.98)

2.76 (1.71–

4.22)

0.80 (0.47–

1.26)

1.64 (0.93–

2.70)

2.32 (1.04–

4.49)

0.99 (0.19–

1.80)

1.75

(0.87–

3.14)

1.91 (0.75–4.03)

Solo practice vs group

practice

OR (95% CrI) 0.50

(0.24–

0.91)

1.13

(0.66–

1.80)

1.00 (0.64–

1.49)

0.71 (0.42–

1.11)

0.61 (0.36–

0.95)

0.66 (0.25–

1.37)

0.53 (0.24–

1.00)

0.52

(0.21–

1.04)

0.90 (0.37–1.86)

Distance to external

laboratory (km)

OR (95% CrI) 1.00

(0.97–

1.01)

0.95

(0.91–

0.99)

0.97 (0.94–

1.00)

0.97 (0.95–

0.98)

0.99 (0.97–

1.00)

0.96 (0.91–

099)

0.93 (0.88–

0.97)

0.93

(0.87–

0.98)

0.97 (0.95–1.00)

Square distance to external

laboratory�
OR (95% CrI) NA 1.00

(1.00–

1.00)

1.00 (1.00–

1.00)

NA NA NA NA NA NA

External laboratory

turnaround time for

routine tests��

OR (95% CrI) 0.76

(0.50–

1.11)

1.47

(0.95–

2.14)

1.11 (0.78–

1.53)

1.01 (0.72–

1.37)

1.20 (0.82–

1.70)

1.32 (0.79–

2.03)

0.88 (0.50–

1.39)

1.81

(1.12–

2.75)

1.47 (0.69–2.94)

Doctors take blood vs other

health workers

OR (95% CrI) NA NA NA 0.53 (0.30–

0.85)

1.03 (0.57–

1.73)

1.20 (0.43–

2.60)

1.53 (0.70–

2.89)

1.24

(0.49–

2.50)

NA

Country level variables

Health expenditure per

capita

OR (95% CrI) 1.00

(1.00–

1.00)

1.00

(1.00–

1.00)

1.00 (1.00–

1.00)

1.00 (1.00–

1.00)

1.00 (1.00–

1.00)

1.00 (1.00–

1.00)

1.00 (1.00–

1.00)

1.00

(1.00–

1.00)

1.00 (0.99–1.00)

IOR80 0.06–

16.89

0.12–

8.17

0.11–9.32 0.03–30.86 0.02–48.18 0.12–8.50 0.16–6.38 0.45–2.22 0.04–24.82

Government funding vs

compulsory health

insurance scheme

OR (95% CrI) 4.30

(0.33–

18.07)

2.23

(0.35–

7.94)

3.31 (0.22–

18.76)

1.37 (0.95–

6.36)

0.58 (0.02–

2.94)

4.14 (0.66–

16.42)

1.21 (0.26–

3.97)

1.08

(0.41–

2.65)

21.49 (0.67–

129.46)

IOR80 0.15–

42.28

0.20–

13.09

0.26–22.24 0.03–23.82 0.01–13.27 0.33–23.78 0.15–5.94 0.43–2.11 0.32–196.12

VHI-OOP vs compulsory

health insurance scheme

OR (95%

CrI))

4.15

(0.68–

6.53)

7.50

(0.40–

34.04)

4.04 (0.22–

18.76)

4.07 (0.04–

21.16)

1.87 (0.00–

6.29)

4,18 (0.16–

20.35)

2.55 (0.18–

11.36)

1.25

(0.16–

4.30)

4.74 (0.03–

23.49)

IOR80 0.06–

17.93

0.44–

29.40

0.22–19.36 0.03–28.35 0.00–8.52 0.21–14.89 0.23–9.17 0.40–1.98 0.04–26.62

Country

variance (95%

CrI)

2.43

(0.68–

6.53)

1.34

(0.33–

3.70)

1.52 (0.46–

3.81)

3.58 (1.42–

8.26)

4.57 (1.71–

11.01)

1.39 (0.19–

4.48)

1.04 (0.23–

2.89)

0.19

(0.00–

0.97)

3.14 (0.49–

10.79)

B. Hospitals (observations: 485)

Hospital variables Statistic GAS RSV Influenza Full or

white blood

count

C-reactive

protein

PCT Blood gas Lactate Urine dipstick

Private vs public primary

hospital

OR (95% CrI) 3.38

(1.21–

8.00)

1.76

(0.72–

3.72)

1.91 (0.80–

4.01)

2.57 (1.07–

5.40)

3.05 (1.29–

6.31)

2.83 (1.15–

5.95)

2.88 (0.91–

7.60)

1.82

(0.88–

3.38)

4.41 (0.81–

16.09)

Secondary vs tertiary level

hospital

OR (95% CrI) 1.56

(0.84–

2.66)

0.83

(0.51–

1.28)

1.21 (0.75–

1.86)

0.86 (0.51–

1.38)

0.86 (0.52–

1.32)

1.11 (0.63–

1.84)

0.70 (0.35–

1.23)

0.67

(0.43–

1.00)

0.74 (0.29–1.56)

Paediatric/mother and

child hospital vs general

hospital

OR (95% CrI) 1.10

(0.55–

1.88)

1.37

(0.79–

2.20)

1.70 (1.01–

2.73)

1.36 (0.77–

2.24)

1.16 (0.67–

1.87)

1.05 (0.57–

1.78)

1.06 (0.52–

1.95)

0.94

(0.58–

1.43)

1.09 (0.38–2.48)

(Continued)
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lactate POCTs (OR: 2.07; 95%CI:1.13–3.43) (Table 3A). In hospitals, clinicians working in pae-

diatric or women and children hospitals had higher odds of using FBC (OR: 3.38, 95%CI:

1.21–8.00), and procalcitonin POCTs (OR: 3.38, 95%CI: 1.21–8.00) compared to those work-

ing in general hospitals. Working in a hospital where doctors take bloods was associated with

higher odds of using bloods gas (OR: 2.44, 95%CI: 1.13–4.56), and lactate POCTs (OR: 2.47,

95%CI: 1.05–4.76) (Table 3B). No clinicians’ characteristic was significant in either primary

care or hospitals.

Discussion

Summary of findings

The availability and use of POCTs in the management of children with suspected infections

varies substantially across Europe. By far the strongest determinant of whether or not POCTs

are available to and used by paediatricians is the country in which they work. The reasons for

this are likely to be complex and could not be simply explained by differences in how health

care is financed within countries, nor overall healthcare expenditure per capita. The latter find-

ing contrasts with the other reports which have found that the availability of in vitro

Table 2. (Continued)

Hospital lab turnaround

time for routine tests��
OR (95% CrI) 0.98

(0.96–

0.99)

1.00

(1.00–

1.00)

1.00 (0.99–

1.00)

0.99 (0.98–

1.00)

1.00 (1.00–

1.00)

1.00 (1.00–

1.00)

1.00 (1.00–

1.00)

1.00

(1.00–

1.00)

1.00 (1.00–1.01)

Square Hospital lab

turnaround time for tests�
OR (95% CrI) 1.00

(1.00–

1.01)

NA NA 1.00 (1.00–

1.01)

NA NA NA NA NA

Doctors take blood vs other

health workers

OR (95% CrI) NA NA NA 1.28 (0.57–

2.53)

0.95 (0.40–

1.96)

0.90 (0.34–

1.89)

1.18 (0.34–

2.96)

1.15

(0.65–

1.84)

NA

Country level variables

Health expenditure per

capita

OR (95%

CrI))

1.03

(0.97–

3.89)

1.00

(1.00–

1.00)

1.00 (1.00–

1.00)

1.00 (1.00–

1.00)

1.00 (1.00–

1.00)

0.29 (0.02–

4.39)

1.00 (1.00–

1.00)

1.00

(1.00–

1.00)

1.00 (1.00–1.00)

IOR80 0.03–

39.01

0.21–

4.75

0.2–4.63 0.14–7.30 0.11–9.50 0.16–6.07 0.13–7.83 0.58–1.73 0.01–80.75

Government funding vs

compulsory health

insurance scheme

OR (95% CrI) 8.78

(0.10–

56.66)

0.62

(0.23–

1.36)

0.62 (0.23–

1.32)

1.08 (0.29–

2.72)

0.99 (0.26–

2.57)

13.17

(0.68–

254.08)

2.07 (0.50–

5.71)

1.19

(0.69–

1.89)

2.36 (0.11–

65.63)

IOR80 0.02–

26.42

0.12–

2.67

0.12–2.63 0.13–6.78 0.09–7.96 0.12–4.45 0.22–13.42 0.67–1.99 0.54–3498.27

VHI-OOP vs compulsory

health insurance scheme

OR (95% CrI) 0.46

(0.03–

6.99)

0.76

(0.10–

2.69)

1.32 (0.19–

4.68)

5.60 (0.40–

25.72)

2.64 (0.19–

11.83)

0.46 (0.03–

6.99)

32.33

(0.85–

182.54)

0.76

(0.23–

1.91)

33.91 (4.23–

1057.84)

IOR80 0.06–

96.36

0.11–

2.55

0.20–4.38 0.42–22.46 0.16–14.35 0.07–2.73 1.28–78.46 0.38–1.14 0.03–202.12

Country

variance (95%

CrI)

4.10

(1.73–

8.61)

0.74

(0.26–

1.67)

0.71 (0.23–

1.67)

1.20 (0.42–

2.79)

1.54 (0.58–

3.40)

0.99 (0.31–

2.42)

1.29 (0.31–

3.44)

0.09

(0.00–

0.36)

5.86 (1.03–

20.61)

GAS: Group A Streptococcus; RSV: Respiratory syncytial virus; PCT: Procalcitonin; OR: Odds ratio; 95% CrI: 95% Credible Interval; IOR80: 80% Interval odds ratio;

MOR: Median odds ratio; VHI-OOP: Voluntary health insurance-out of pocket; NA: Not applicable.

�Quadratic transformations were used when the relationship between continuous variables and the outcome was not linear, and when the quadratic variable improved

the fit of the final models.

�� such as C-reactive protein or full blood count.

https://doi.org/10.1371/journal.pone.0275336.t002
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diagnostics overall, and of expensive diagnostics such as CT-scans or MRIs, are associated

with health expenditure per capita [25].

We found that operating as a private facility is associated with an increased odds of avail-

ability of some POCTs but was not associated with use in the clinical scenario. POCTs can be a

source of income in these settings [26,27], however in our study, the clinical scenario was a

febrile infant which is unlikely to be the type of patient on which diagnostics would be over-

used to increased income.

The pattern of availability and use varied by type of POCT, but overall urine dipsticks and

GAS were the most commonly available POCTs in primary care, while in hospitals it was

Fig 5. Area under the receiver operating characteristic curves (AUC) for the use of POCTs in the clinical scenario by primary care and hospital

paediatricians (Models 4 and 5). Blue curve: Model which adjusts for paediatrician and workplace characteristics (Model 4). Red curve: Model 4 + adjustment

for country of work (Model 5). The greater AUC when including country of work indicates that country of work predicts better the use of POCTs than

workplace characteristics. The diagonal line represents an AUC of 0.50, i.e., a model with no predictive power.4AUC: Change in AUC when adding country

of work (i.e., change in AUC when moving from Model 4 to Model 5).4DIC: Difference in Deviance Information Criterion. A4DIC>10 is considered a

significant difference between models.

https://doi.org/10.1371/journal.pone.0275336.g005

Fig 6. Variation in the use of POCTs between the included countries expressed as median odds ratio (MORs).

GAS: Group A streptococcus; RSV: Respiratory syncytial virus; FBC/WBC: Full blood count/White blood count; CRP:

C-reactive protein; PCT: Procalcitonin. A: Country MORs for the use of POCTs in primary care. B: Country MORs for

the use of POCTs in hospitals. MOR>1 indicate variation in the use of POCTs across countries.

https://doi.org/10.1371/journal.pone.0275336.g006
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Table 3. Effect of clinician, workplace variables, and country of work on the use of POCTs in the clinical scenario (Model 5).

A. Primary care (observations: 572)

Clinician and primary care

practice variables

Statistic Pathogen-based

POCTs

Host-based POCTs Pathogen and

host-based tests

RSV Influenza Full or white

blood count

C-reactive

protein

PCT Blood gas Lactate Urine dipstick

Years of clinical practice OR (95% CrI) 1.00

(0.98–

1.02)

0.99 (0.97–

1.01)

1.13 (1.04–

1.22)

1.01 (0.99–

1.03)

1.08

(1.00–

1.17)

0.90

(0.82–

0.99)

1.01

(0.98–

1.06)

1.05 (1.02–1.08)

Square years of clinical

practice�
OR (95% CrI) NA NA 1.00 (1.00–

1.00)

NA 1.00

(1.00–

1.00)

1.00

(1.00–

1.00)

NA NA

Average consultation time OR (95% CrI) 1.00

(0.97–

1.03)

1.01 (0.97–

1.04)

0.98 (0.95–

1.01)

0.98 (0.95–

1.01)

1.00

(0.96–

1.04)

1.00

(0.96–

1.04)

0.97

(0.88–

1.04)

0.98 (0.94–1.03)

Private practice vs public

practice

OR (95% CrI) 0.90

(0.52–

1.46)

0.86 (0.49–

1.39)

1.36 (0.79–

2.21)

1.78 (1.02–

2.93)

1.22

(0.67–

2.05)

0.71

(0.36–

1.26)

1.30

(0.34–

3.34)

2.72 (0.95–6.58)

Solo practice vs group practice OR (95% CrI) 1.36

(0.83–

2.13)

0.93 (0.56–

1.44)

0.95 (0.58–

1.49)

0.88 (0.51–

1.41)

0.98

(0.57–

1.57)

1.11

(0.58–

1.91)

0.70

(0.16–

1.85)

2.04

(0.74–4.79)

Distance to external laboratory OR (95% CrI) 1.00

(0.99–

1.02)

1.00 (0.98–

1.02)

0.99 (0.97–

1.00)

0.99 (0.97–

1.01)

1.00

(0.98–

1.02)

0.99

(0.97–

1.01)

0.99

(0.95–

1.03)

1.00 (0.97–1.03)

External laboratory turnaround

time for routine tests��
OR (95% CrI) 1.23

(0.88–

1.68)

1.34 (0.94–

1.85)

1.30 (0.93–

1.78)

6.20 (1.55–

18.01)

0.85

(0.59–

1.18)

1.46

(0.97–

2.11)

2.07

(1.13–

3.43)

0.92 (0.47–1.65)

Square external laboratory

turnaround time�
OR (95% CrI) NA NA NA 0.71 (0.51–

0.93)

NA NA NA NA

Doctors take blood vs other

health workers

OR (95% CrI) NA NA 0.67 (0.38–

1.10)

1.06 (0.58–

1.78)

1.15

(0.64–

1.92)

1.94

(0.99–

3.42)

1.14

(0.23–

3.22)

NA

Country

Country

variance (95%

CrI)

1.03

(0.32–

2.57)

1.30 (0.42–

3.20)

0.57 (0.16–

1.42)

0.64 (0.13–

1.72)

1.80

(0.54–

4.76)

0.65

(0.18–

1.65)

0.52

(0.00–

2.94)

2.48 (0.54–6.90)

B. Hospitals (observations: 635)

Clinician and hospital

variables

Statistic RSV Influenza Full or white

blood count

C-reactive

protein

PCT Blood gas Lactate Urine dipstick

Years of clinical practice OR (95% CrI) 1.01

(0.99–

1.03)

1.01 (0.99–

1.03)

1.00 (0.98–

1.03)

1.02 (1.00–

1.04)

1.02

(0.99–

1.04)

0.98

(0.95–

1.00)

1.00 (097–

1.03)

1.00 (0.98–1.02)

Trainee doctor vs general

paediatrician

OR (95% CrI) 1.80

(0.99–

3.08)

1.03 (0.56–

1.74)

1.21 (0.65–

2.11)

1.52 (0.85–

2.56)

1.23

(0.57–

2.34)

0.35

(0.17–

0.66)

0.73

(0.29–

1.54)

1.31 (0.67–2.30)

Specialist vs general

paediatrician

OR (95% CrI) 1.56

(0.99–

2.39)

1.29 (0.81–

1.95)

0.62 (0.38–

0.95)

0.93 (0.60–

1.40)

1.45

(0.83–

2.39)

0.92

(0.53–

1.49)

0.96

(0.49–

1.72)

1.25 (0.76–1.94)

Average consultation time OR (95% CrI) 1.00

(0.98–

1.02)

1.00 (0.98–

1.01)

0.99 (0.97–

1.01)

1.01 (1.00–

1.03)

1.01

(0.99–

1.03)

1.02

(1.00–

1.05)

1.03

(1.00–

1.05)

0.99 (0.97–1.01)

Private vs public primary

hospital

OR (95% CrI) 1.52

(0.66–

3.06)

1.34 (0.58–

2.69)

1.57 (0.64–

3.20)

1.23 (0.54–

2.39)

2.09

(0.82–

4.37)

0.82

(0.26–

1.89)

1.47

(0.38–

3.58)

1.17 (0.47–2.48)

Secondary vs tertiary level

hospital

OR (95% CrI) 0.91

(0.60–

1.32)

1.14 (0.75–

1.66)

1.03 (0.65–

1.55)

1.12 (0.74–

1.61)

1.15

(0.69–

1.81)

0.85

(0.51–

1.32)

1.22

(0.66–

2.07)

0.66 (0.41–1.01)

(Continued)
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urine dipsticks and blood gas POCTs. Previous studies have been limited in either the range of

POCTs examined or the number of countries included. For urine dipsticks, previous studies

have also reported their wide availability: a survey of paediatricians from eight countries found

that 74% of paediatricians use UD [28], and a survey of GPs from Belgium, Holland, and the

UK showed that they were available in 87%, 96%, and 90% of practices, respectively [18].

Reports on the availability of GAS POCT varied more. The above survey of GPs found that

GAS POCTs were only available in 4%, 1%, and 15% of Belgian, Dutch, and British practices,

respectively. By contrast, surveys of French GPs [29], and of Spanish primary care paediatri-

cians found that GAS POCT were available to 88% and 79% of participants, respectively [30],

which is in line with our findings for those countries.

In a clinical scenario of an infant with undifferentiated fever most paediatricians reported

that they would use some kind of diagnostic tests with urine dipsticks, CRP, and influenza

being the most commonly cited POCTs in both settings. This is in line with a study of children

attending EDs in eight countries which found that 78% of infants with undifferentiated fever

were tested [14].

Strength and limitations

Main strengths of this study are its size and breadth, that it addresses an important but under-

researched question, and employed a robust approach to both the study design and analysis.

We included a large number of community- and hospital-based paediatricians from many

countries across Europe and sought to be as complete in our sampling as possible. However,

we did not manage to achieve our pre-defined sample size, and given the sampling approach

there is a possibility of selection bias. Due to resource constraints we limited the scope of this

study to paediatricians and did not extend it to General Practitioners, who in some countries

are the main providers of medical care for children in the community.

The survey was developed through a robust process including the expertise of paediatricians

from 11 countries, two pilot studies, the translation of the questionnaires into ten languages,

Table 3. (Continued)

Paediatric/women’s and

children’s hospital vs general

hospital

OR (95% CrI) 1.31

(0.87–

1.92)

1.49 (0.97–

2.19)

1.67 (1.05–

2.56)

1.25 (0.82–

1.81)

1.74

(1.04–

2.77)

1.09

(0.65–

1.74)

1.29

(0.68–

2.22)

0.96 (0.58–1.49)

Hospital lab turnaround time

for routine tests��
OR (95% CrI) 1.01

(1.00–

1.02)

1.00 (1.00–

1.00)

1.00 (1.00–

1.00)

1.00 (1.00–

1.00)

1.00

(1.00–

1.00)

1.00

(0.99–

1.00)

1.00

(1.00–

1.00)

1.00 (1.00–1.00)

Square hospital lab turnaround

time for tests�
OR (95% CrI) 1.00

(1.00–

1.00)

NA NA NA NA NA NA NA

Doctors take blood vs other

health workers

OR (95% CrI) NA NA 1.30 (0.75–

2.04)

1.20 (0.73–

1.81)

1.47

(0.73–

2.71)

2.44

(1.13–

4.56)

2.47

(1.05–

4.76)

NA

Country

Country

Variance (95%

CrI)

0.12 (00–

0.41)

0.35 (0.07–

0.91)

0.17 (0.01–

0.49)

0.12 (0.00–

0.38)

0.64

(0.16–

1.60)

1.25

(0.41–

2.81)

0.67

(0.12–

1.84)

0.79 (0.29–1.72)

RSV: Respiratory syncytial virus; PCT: Procalcitonin; OR: Odds ratio; 95%; CrI: 95% Credible Interval; MOR: Median odds ratio; NA: Not applicable.

�Quadratic transformations were used when the relationship between continuous variables and the outcome was not linear, and when the quadratic variable improved

the fit of the final models.

�� such as C-reactive protein or full blood count.

https://doi.org/10.1371/journal.pone.0275336.t003
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and the use of software with quality-assurance checks. In order to maximise participation and

completion rates we kept the questionnaire as short as possible. We therefore limited the clini-

cal scenario to just one case, limiting generalisability of the findings about how paediatricians

would use POCTs. We also omitted important topics or questions, for example the influence

of evidence (or the lack of) on participants decision in the clinical scenario, or the perceptions

about quality assurance. We used turnaround time for routine tests such as C-reactive protein

or full blood count as a proxy for the time needed to obtain results from the closest laboratory

in general, but turnaround times can vary substantially across different tests. We used the

Bayesian MCMC methods to compute robust parameter estimates and direct acyclic graphs

(DAGs) in order to identify the variables that could be safely included in the regression models

while minimising confounding. However, the risk of confounding cannot be eliminated as

DAG cannot entirely accurately represent of reality.

Implication for the implementation of POCTs and future research

As mentioned earlier we found substantial variability in the availability and use of current

POCTs between European countries that we were not able to explain but is likely to be due to

complex interplay of different factors in each country. This might include differences in

patient care pathways, the capacity and readiness to innovate, the processes to identify new

technologies, the availability of resources including funding, the existence of alternative diag-

nostic tools, as well as diversity in policies and regulations, including quality assurance stan-

dards for the use of diagnostic tests. Moreover, the implementation of innovations, including

POCTs, can be disruptive for healthcare services because they may impact on the roles of

healthcare workers (because they may need to change their practice), on the routine organisa-

tions of health services, on the allocation of funding (funding for the innovation could be at

the expense of funding other interventions), and the work needed to normalise the innovation

can be substantial (e.g. training all staff that are already very busy) [31]. From a rational

national health systems perspective, the choice of which medical interventions should be

implemented, should ideally be based on an assessment of their clinical-effectiveness, cost-

effectiveness, and the broader impacts on health services–part of the remit of Health Technol-

ogy Assessment organisations. Most of the available evidence on current POCTs, however,

focuses on diagnostic test accuracy [32] and as mentioned in the introduction, current evi-

dence about the use of POCTs in children is available only for few POCTs. The lack of such

evidence means that the decision to implement diagnostic tests is more likely to be influenced

by other factors which are specific to each country and local HTA processes [33]. There are

around 50 HTA agencies across Europe [34], and they may use different processes and criteria

when assessing new diagnostic test. Additional in-depth studies are needed to understand how

specific country factors influence the availability of POCTs in specific countries.

Once POCTs are made available, whether or not clinicians use them could vary depending

on factors including clinicians’ perceptions of the added value of the tests in, for example,

reducing diagnostic uncertainty [35], or their user friendliness. The practices and perception

of paediatricians about the use of current POCTs in children with acute infections need also to

be explored and compared across Europe through qualitative methods.

The study focussed on the POCTs that were being performed routinely by frontline line cli-

nicians in some study countries at the time of the survey. Since then, change in diagnostic

landscape has accelerated dramatically in part due to the impact of the COVID-19 pandemic.

Use of POCTs has become much more widespread, as has the availability of multiplex tests

that are able to identify the presence of multiple pathogens [36]. Innovative “-omics” based

tests which focus on differentiating bacterial from viral infections [37,38], and multiclass tests
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[39] are under development. How these can impact on reducing diagnostic uncertainty and

improving patient management is not clear, and further studies aimed at exploring how exist-

ing and new tests should be optimally deployed would be extremely useful. One drawback of

pathogen-based tests is that the presence of microorganisms does not necessarily mean they

are the cause of disease. Tests that measure the host’s response to specific pathogens [40] or

combine the detection of microorganism with the measurement of host biomarkers may be

most useful in this regard. In terms of the management of children with acute infections, we

believe that the main diagnostic gaps that need to be addressed is the prediction of severity.

This would be particularly useful in children with substantial diagnostic uncertainty, such as

young infants with undifferentiated fever, children with low respiratory infections in the “grey

zone” (i.e., not severely ill, but raising some concern), or vulnerable children (e.g., immuno-

compromised children) presenting an episode of acute fever. European paediatricians and

other healthcare workers who see children in consultation may have additional needs in terms

of diagnostic tools. Additional studies aiming at identifying these needs would be important to

inform the development of new tests. Ideally, once new tests are developed, studies aiming to

assess all the different steps in the evaluation of diagnostic tests suggested by Horvath and col-

leagues [41] should be undertaken. This includes, as mentioned above, diagnostic test accuracy

studies, clinical effectiveness studies, cost-effectiveness studies, and operational research stud-

ies estimating the diffusion of new tests across European countries and evaluating the imple-

mentation of the tests in specific national contexts. Finally, given that diagnostics tests are

most often developed for and tested in adults [42] it is important that all of the aforementioned

research is conducted with a specific focus on the use of the tests in children.

Conclusions

There is substantial variability in the adoption of POCTs for the management of acute infec-

tions in children across Europe. To inform future implementation of both existing and innova-

tive tests, further research is needed to understand what drives the variation between

countries, the needs of frontline clinicians, and the role of diagnostic tests in the management

of acute childhood infections.
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Michiel van der Flier, Henriëtte Moll, Nienke Hagedoorn, Dorine Borensztajn, Rianne

Oostenbrink, Taco Kuijpers, Marko Pokorn, Katarina Vincek, Federico Martinón-Torres,

Irene Rivero, Philipp Agyeman, Enitan D. Carrol, Stéphane Paulus, Aubrey Cunnington,
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