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POINT-OF-CARE C-REACTIVE PROTEIN TO IDENTIFY SERIOUS INFECTION IN

ACUTELY ILL CHILDREN PRESENTING TO HOSPITAL: PROSPECTIVE COHORT
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ABSTRACT

Objective: acute infection is the most common presentation of children to hospital. A
minority of these infections are serious but early recognition and adequate management are
essential. We aimed to develop improved tools to assess children attending ambulatory
hospital care, integrating clinical features with point-of-care CRP.

Design: prospective observational diagnostic study

Setting & Patients: 5517 acutely ill children (1 month to 16 years) with acute illness
presenting to 106 paediatricians at 6 outpatient clinics and 6 emergency departments in
Belgium.

Index test: point-of-care CRP alongside vital signs and objective symptoms measurements
Main outcome: hospital admission for >24 hours with a serious infection <5 days after
presentation

Results: an algorithm was developed consisting of clinical features and CRP. This achieved
97.1% (95%CI 94.3-98.7%) sensitivity and 99.6% (95%CI 99.2-99.8%) negative predictive
value, excluding serious infections in 36.4% of children. It stratifies patients into three groups
based on CRP level: high risk group with CRP >75mg/L (26.8% risk of infection),
intermediate risk with CRP 20-75mg/L and at least one of 7 clinical features (8.1%), and
lower risk with CRP <20mg/L with at least one of 11 features (3.8%). Children in
intermediate or low risk groups with normal clinical assessment have 0.6% and 0.4% risk of
serious infections, respectively.

Conclusions: Conducting a CRP test first may enable children to be stratified into three risk
groups, guiding assessment of clinical features which could be performed by junior doctors
or nurses. In one third of acutely ill children, the algorithm could exclude serious infection.

Prospective validation of the algorithm is needed.
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What is already known on this topic:
e Early recognition of serious infection in acutely ill children presenting to hospital is
crucial to improve outcome.

e Laboratory-based C-reactive protein (CRP) testing is used in specialist settings to
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9 support diagnosis and management decisions of such children.

1 What this study adds:

13 e A point-of-care CRP test preceding clinical assessment can help stratify children into

15 three risk groups.

e High risk (CRP >75 mg/L) children could be prioritised immediately for further
assessment and management by senior staff.

e Aclinical assessment, using seven features in the intermediate group and 11 features in
the lower risk group which can be conducted by junior or nursing staff, will further

classify children as at risk of a serious infection or not.
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INTRODUCTION

Most acutely ill children suffer from self-limiting illnesses requiring little medical intervention.[1]
However, prompt recognition of the few children with a serious infection (Sl), such as sepsis,
meningitis, pyelonephritis, is essential to avoid complications or death [2]: the mortality of
meningococcal disease can be as high as 14%, and up to 19% of children who survive
bacterial meningitis suffer from hearing loss, amputations, or neurodevelopmental

disorders.[3-6]

The care for acutely sick children has traditionally been delivered by ambulatory care,[7] but
diagnostic uncertainty has driven care upwards, from primary to secondary care. In the UK,
there has been a 40% rise in the number of children attending the emergency department
(ED) over the last decade, with 14% presenting with febrile illness.[8] In the same period,
emergency admission rates have increased by 28%, primarily for acute infections,[1] with up to
23 per 1000 admissions annually for a condition that could be safely managed out-of-
hospital.[1 9] In the US in 2011, 1 out of every 10 children visited the ED with an infectious

disease.[10]

The clinician must decide whether a child needs immediate admission to hospital or can be
discharged safely. However recognizing Sl in children can be challenging, especially at
disease onset when the severity of the infection is unclear. Nearly half of children with
meningococcal disease are not identified at first contact.[3] Some clinical features have been
shown to be ‘red flags’, increasing the likelihood of SlI, but none appear to have ‘rule out’
value, making Sl less likely in their absence.[2 11 12]

Combinations of signs and symptoms may rule out SI,[11 13 14] with only one such algorithm
developed in primary care, involving features such as clinician gut-feeling and temperature

>40°C.[13-15]

Evidence suggests that inflammatory markers such as C-reactive protein (CRP) or
procalcitonin provide the most diagnostic value in hospital settings, with CRP <20mg/L and

procalcitonin <0.5ng/mL significantly reducing the risk of missing a Sl in children.[16] A recent
4
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study on point-of-care (POC) CRP in primary care found an even lower threshold of 5mg/L to
rule out Sl in those children.[17]
To date, these tests play a minor role in hospital ambulatory care, requiring venous blood

sampling which can be bothersome when triaging acutely ill children. POC tests from a finger
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9 prick are now available in ambulatory care, testing for CRP within 4 minutes.[18 19]
11 We aimed to develop improved tools to assess children attending ambulatory hospital care,
13 thus at higher risk than those presenting to primary care, by integrating clinical features with

15 POC CRP.
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METHODS

Setting and Patients

This study was conducted in Belgium, from 15" February 2013 to 28" February 2014 [14].
Children aged 1 month to 16 years, presenting with an acute illness to ambulatory care were
recruited to have POC CRP testing.[20] Results in primary care have been published
elsewhere,[17] this paper reports the findings of children presenting to six paediatric
outpatient clinics (offering same-day appointments and urgent ambulatory care) and six
EDs, assessed by paediatricians (n=106). (Figure 1) Children were excluded if the acute
illness was caused by merely traumatic or neurological conditions, intoxication, psychiatric
problems, exacerbations of a known chronic condition or if the child was referred by their

GP.

Index tests

Vital Signs and symptoms

We asked physicians to assess 61 clinical features, selected based on previous research
and consensus of an international team of clinicians and researchers,[13] including NICE
traffic light system, Yale Observation Scale, temperature, heart rate, breathing rate, oxygen
saturation and capillary refill.[13 21 22] Parents were also asked whether the illness was
different from previous illnesses and whether fever improved with antipyretics.[2] (Online
Supplementary File 1)

The vital signs: temperature, respiratory rate, heart rate, oxygen saturation and capillary refill
were measured, each according to their respective standardized method.[23]

“‘Body temperature” was defined as the highest temperature measured by parents or
physician. Before analysis 0.5°C was added to temperatures measured under the axilla, or

with a tympanic thermometer.[24 25]
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POC CRP test

We used the Afinion™ CRP Test Cartridge, which has a measuring range for CRP of 5-
200mg/L,[19] requires 1.5ul of blood obtained by finger prick, providing a result within 4
minutes. We trained all physicians to perform the CRP test. Internal quality control was

performed per manufacturer’s instructions.

Outcomes

The primary outcome of the study was hospital admission (>24 hours) for Sl within 5 days

after initial presentation,[14] which was verified by a search of the electronic medical records

of all paediatric clinics and EDs.

Sls were defined as:

- septicaemia (including bacteraemia): pathogenic bacteria isolated from blood culture

- meningitis: pleocytosis or identification of bacteria or virus in cerebrospinal fluid

- appendicitis: histology

- pneumonia: infiltrate on chest X-ray

- osteomyelitis: pathogens from bone aspirate or MRI or bone scan suggestive for
osteomyelitis

- cellulitis: acute suppurative inflammation of subcutaneous tissues

- bacterial gastro-enteritis: pathogen isolated from stool culture

- complicated urinary tract infection: >10°ml pathogens of a single species isolated from
urine culture and systemic effects such as fever

In cases where no definitive adjudication could be made based on the above, a committee

consisting of clinicians with expertise in acute paediatric care assigned outcome by

consensus, using all available information.

Sample size
To effectively rule out SI, the algorithm should have high sensitivity (>97%), as shown in

previous studies from different settings.[14 15 26]
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Assuming a prevalence in our population of 5%,[26 27] we estimated that recruiting 5500
children would provide a maximum margin of error of 2% around our estimate of
sensitivity.[28]

We thus aimed to include 5500 acute illness episodes in children over a 12-month period.

Statistical Analysis

We calculated the area under the Receiver-Operating-Characteristics curve (AUC) as a
measure of CRP’s ability to discriminate between children with and without SI. We
calculated accuracy for the following pre-determined cut-offs: 5 and 200mg/L (lower and
upper limit of the POC CRP test), and 20 and 80mg/L (identified as ruling out and ruling in
thresholds respectively in earlier studies conducted in secondary care).[2] We reported
diagnostic accuracy in sensitivity, specificity, positive and negative diagnostic likelihood
ratios (LR+ and LR-), and positive and negative predictive values (PPV and NPV) with their

95% confidence intervals (Cl).

We developed a new algorithm, deliberately only feeding clinical features that could also be
assessed by trained triage nurses and junior doctors into the algorithm. Analyses were thus
limited to the POC CRP test, all items from history taking and observation, and vital signs.
(Online Supplementary File 1).[29]

From the observation features, we excluded “clinician concern” and “clinical impression child
is seriously ill” considering they are holistic features encompassing all available information
from clinical examination and their assessment might be influenced by experience.[29]

We used Classification and Regression Tree (CART) analyses to develop this algorithm.
CART is a decision tree building method used to classify patients in different classes, based
on non-parametric tests. It creates a tree by exhaustively searching all possible splits
recursively until the desired fit is reached. It uses the most discriminative test at every spilit,
dichotomizing continuous variables.[30] CART deals effectively with missing data through
surrogate splits. These splits use the available information in the other predicting variables
with similar outcome patterns whenever the primary variable is missing for an individual

observation to decide which side of the split that observation should go to,[31] using the best
8
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available information when variables are missing, in contrast to other methods such as
multivariate regression modelling.[32]

Sensitivity and NPV were maximised by introducing a weighing factor of 100 to
misclassification of Sl in a data-driven way, balancing maximum sensitivity with the
complexity of the tree. The minimum number of observations for a split to be attempted, was
set at 20, to obtain accurate predictions. We applied a 50-fold cross-validation procedure,
validating our results internally.

We conducted sensitivity analyses to explore the effect of multiple illness episodes of the
same child (i.e. clustering from a predisposition for abnormal clinical findings such as high
temperature or health seeking behaviour) by restricting the analyses to only the first illness
episodes of all children. We conducted subgroup analyses by setting, i.e. children seen at
the paediatric clinics or the EDs and by age, selecting children up to 36 months of age, to

compare our results with previous research in that same age group.[7-9]

All analyses were performed with Stata software (version 13.2; Stata Corp., USA), and JMP

Statistical Discovery (version Pro 12.1.0; SAS Institute Inc., USA).

Ethics

Formal written informed consent was obtained from the parent or guardian of each child. We
provided age-appropriate information leaflets and assent forms.

The protocol of this study was approved by the Ethical Review Board of the University

Hospitals/KU Leuven under reference ML8601.
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RESULTS

Baseline characteristics

We included 5517 new illness episodes (Figure 1) in 4608 children;[14] 944 children had
two separate illness episodes and 611 had three or more. The children’s median age was
1.5 years (age range: 1 month-15.8 years) and 2951 were boys (53.5%). (Table 1) Baseline
characteristics of children seen at outpatient clinics versus EDs are shown in Online
Supplementary File 2.

The median number of missing data for all features was 4.3% (IQR 3.6 to 4.7%) which was

higher for POC CRP (11.3%), in part due to technical failure (2%) or parental refusal (3%).

The overall prevalence of Sl was 4.9% (95%CI 4.4-5.5), however higher at ED than in
outpatient clinics (7.5% vs 2.6%). Pneumonia and complicated urinary tract infection were
the most common Sls. Of the 27 cases of sepsis and meningitis, 16 children had viral
meningitis (mostly Enterovirus or Herpes simplex meningitis), one bacterial meningeal
infection (Group B Streptococcus), five Streptococcus pneumoniae sepsis, one Haemophilus
influenzae type b sepsis (despite evidence of prior immunization), one Neisseria meningitidis
sepsis, and three uropathogenic sepsis (e.g. Escherichia coli). No child died during the

study.

Accuracy of individual features

Overall sensitivities of individual clinical features were <65%, with only fever >1 day having
high sensitivity (98.7% with 95%CI 96.3-99.7%), however at a LR- of 2.3 (95%CI 0.8- 6.9).
Red flags (features substantially raising the probability of infection with LR+ >5) included the
clinical impression the child is seriously ill, moaning, bloody diarrhoea, abnormal behaviour,
abnormal fontanelle tension, reduced peripheral circulation, meningeal irritation, cyanosis,
and peritoneal irritation (LR+ from 5 to 14). (see Online Supplementary File 3)

The AUC for CRP was 0.76 (95%CI 0.73-0.79), with diagnostic accuracy of CRP shown at
different thresholds in Table 2 (decreasing sensitivity and increasing specificity as threshold

increases).

10
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Algorithm
The CART analyses resulted in an algorithm with POC CRP and 18 clinical features.

(Online Supplementary File 4)

It starts with CRP, classifying children with a CRP >75mg/L as at risk of Sl. (Figure 2) This
results in 378 children classified as at risk, of whom 100 had Sl (PPV 26.8%; 95%CI 22.4-

31.6%).

Children with a CRP between 20-75mg/L, should be assessed on seven features: whether
the illness was different from previous illness according to parents, no improvement with
antipyretics, age <6 months, fever duration <1 day, vomiting, excessive crying, and reduced
intake. Any positive feature classifies a further 1065 children as at risk, of whom 86 had Sl

(PPV 8.1%: 95%CI 6.5-9.9%).

In children with a CRP >20mg/L, four vital signs (temperature, respiratory rate, oxygen
saturation and capillary refill) and seven features (moaning, belly ache, pale skin, neck pain,
petechial rash, inconsolable, drowsiness) should be assessed. Any positive feature

classifies 2071 children as at high risk of whom 78 had S| (PPV 3.8%: 95%Cl 3.0-4.7%).

The algorithm classifies 36.4% of the total population as low risk for SI, with 99.6% NPV
(95%CI 99.2-99.8%) and 97.1% sensitivity (95%CI| 94.3-98.7%) (Table 3). Eight children
with S| were misclassified as low risk (with CRP ranging <5-31mg/L): six children with
bronchopneumonia (chest X-ray: peri-bronchitis and pulmonary infiltrate) and two children
diagnosed with complicated urinary tract infection (negative dimercaptosuccinic acid scan).

(Figure 2)

Subgroup analyses by setting and age, and sensitivity analysis in all first acute illness

episodes indicated similar diagnostic outcome measures in all groups. (Table 3)

11
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DIScUSSION
While low CRP levels in isolation cannot rule out Sls, a CRP level >75mg/L identified 37% of
all Sls, regardless of the outcome of clinical assessment. In children with an intermediate
CRP level, seven easy-to-assess clinical features, identified a further 32% of all Sls. Another
third of Sl occurs in children with CRP <20mg/L (contrary to guidelines in adults with cough
in whom CRP <20mg/L is used to withhold antibiotics).[33] Six children with SI were missed
(NPV 99.6%), although these had either a urinary tract infection or bronchopneumonia.
This was a prospective, multicenter study involving a large representative sample of children
from hospital-based ambulatory care. A long list of clinical features were assessed, selected
based on a systematic review of the available evidence.[2] We acknowledge potential
variability among paediatricians of assessing these features, which could lead to differential
interpretation of the suggested algorithm.
Although this new algorithm was also built for junior doctors and triage nurses, the study was
conducted by paediatricians with different levels of clinical experience.
Verification of our target condition relied on the quality of hospital records. We believe it to
be robust by using both objective criteria and independent adjudicators. Considering our
outcome included Sls and not all serious illness is infection, a normal CRP level does not

necessarily mean a child is well.

CRP and procalcitonin were identified as the best inflammatory markers for Sls in children to
date in a systematic review[16], which only identified studies from hospital settings. CRP
<20mg/L was found to provide the best rule out value for Sis in children, identical to the
threshold used in our analyses, although still six children with SI had a CRP level below this
threshold, underlining the importance of clinical assessment alongside the use of a single
biomarker.[16] We previously published the results from the primary care arm of this study
and found that CRP levels <5mg/L in children at increased risk (with breathlessness,
temperature 240 °C, diarrhoea in children aged 12-30 months, or clinician’s gut feeling)
rules out Sl, potentially avoiding unnecessary referrals to secondary care.[17] The lower
CRP threshold of 5mg/L is probably due to the early presentation in primary care, when the

inflammatory response is still developing.
12
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Most studies on this topic quantified the value of blood tests in isolation, ignoring the relation
with clinical signs and symptoms.[16 34-36]. In order to assess the value of CRP over and
above clinical features while limiting the risk of selection bias,[37-40] we instructed our
physicians to test CRP in every child, regardless of the clinical presentation.

Most previously reported clinical prediction rules on febrile children combining clinical
features and laboratory markers either had poor external validity,[41 42] or targeted young
infants.[35] One clinical prediction model including POC CRP,[37] had good diagnostic
performance on external validation after updating the model coefficients in a recent single-
centre diagnostic study, discriminating well between pneumonia, other bacterial SI and
absence of Sl.[43]

Our algorithm contains several predictors (and thresholds) similar to the NICE guideline on
feverish illness in children.[23] However, we advise future updates should also include POC

CRP testing, as well as parental concern and effect of antipyretics.

The Cochrane review on POC testing to guide antibiotic prescribing,[44] showed that POC
CRP in primary care decreases antibiotic prescribing up to 30%, now recommended in NICE
guidance and Dutch guideline for acute cough in adults [33 45]. However, it remains to be
seen whether recommendations on antibiotic prescribing should be linked to CRP levels in
children, considering the fairly high prevalence of Sls in the low ranges and the fact that

many Sls are potentially of viral origin.

Our results support the use of POC-CRP-guided clinical assessment to help identify SI and
need for hospital admission. It allows a redesign of patient flow, with triage staff performing
the CRP POC test at the beginning, and stratification of subsequent assessment based on
the test result. Children at high risk of SI (CRP >75mg/L) can be prioritized for further testing
or treatment, under the supervision of senior paediatric staff; children with an intermediate
(20-75mg/L) or low CRP level (<20mg/L) could be assessed clinically by more junior staff.
Since this last category also included most missed cases (0.4% of the total population),

appropriate safety netting measures ought to be put in place when their assessment proves
13
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to be reassuring. (Figure 3) Children at high risk should be assessed per usual care,
considering the additional information of the POC test which in most cases would be

routinely available after venous blood sampling.

Although our newly developed algorithm is one of the very few based on recent research,
rather than expert consensus,[22 23 46-48] it should be validated prospectively in a new,
similar paediatric population to ensure generalizability.

To make our algorithm as applicable as possible, we deliberately selected features that
require very little clinical expertise. A prospective validation in which the clinical assessment
is performed by junior doctors and nurses should confirm whether diagnostic accuracy is
maintained.

Further research should also evaluate the cost-effectiveness of applying our algorithm in
terms of healthcare expenditures (e.g. avoidable admissions, costs per test and quality
control of the POC devices).

Other biomarkers (e.g. procalcitonin) might be valuable as well and novel technologies, such
as wearables for vital signs measurements, will substantially change the focus of future
research.

Although identifying Sls in children is crucial, improving rational prescribing of antibiotics is
also important. Balancing these complementary outcomes in the design of future studies, will

hopefully improve overall management of sick children.

14
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ABBREVIATIONS
Sl: serious infection; POC: point-of-care; CRP: C-reactive protein; AUC: Area under the
Receiver-Operating-Characteristics curve; Cl: 95% confidence intervals; CART:
Classification and Regression Tree analysis; LR+; positive likelihood ratio; LR-; negative

likelihood ratio; PPV: positive predictive value; NPV: negative predictive value
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Table 1: Baseline characteristics for children with or without a serious infection

serious infection

(n=272)

non-serious infection

(n=5245)

median age in years (IQR)

boys (%)
final outcome (admission >24h with)
sepsis
meningitis
appendicitis
pneumonia
osteomyelitis
cellulitis
bacterial gastro-enteritis
complicated urinary tract infection
non-serious infection

median POC CRP level (IQR)

1.7 (0.8-4.2)

143 (52.6%)

52

48 (17-115)

1.5 (0.8-3)

2808 (53.5%)

5245
11 (4-29)

POC CRP: point-of-care C-reactive protein test; IQR: interquartile range

Table 2: Accuracy of point-of-care CRP at different thresholds to diagnose serious infection

Likelihood ratio

Predictive value

POC CRP sensitivity specificity
threshold (95% Cl) (95% Cl) (95%Cl) (95%Ch)
negative positive negative positive
> 5 malL 90.8 334 0.3 1.4 98.5 7.1
- 9 (86.6-94.0) (32.0-34.7) (0.2-0.4) (1.3-1.4) (97.7-99.0) (6.3-8.0)
> 20 ma/L 73.1 63.9 0.4 2.0 97.7 10.2
= 9 (67.2-78.4) (62.5-65.2) (0.3-0.5) (1.9-2.2) (97.1-98.2)  (8.9-11.7)
35.0 94.8 0.7 6.7 96.3 27.3
2 80 mg/L
(29.2-41.1) (94.1-95.4) (0.6-0.8) (5.5-8.2) (95.7-96.8) (22.6-32.5)
9.6 99.7 0.9 371 95.2 67.6
2200 mg/L
(6.3-13.9) (99.5-99.9) (0.9-0.9) (18.9-37.1) (94.5-95.7) (50.2-82.0)

All diagnostic characteristics are given in percentage with their respective 95% confidence intervals in
brackets; POC CRP: point-of-care C-reactive protein test; LR: likelihood ratio; PV: predictive value.
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Table 3: Sensitivity analyses of algorithm

outcome sensitivity specificity NPV PPV LR- LR+
(95% CI) (95% CI) (95% ClI) (95% ClI) (95% ClI) (95% ClI)

any serious infection (n=272) 97.1 38.1 99.6 7.5 0.1 1.6
in all children (n = 5517) (94.3-98.7) (36.8-39.5) (99.2-99.8) (6.7-8.5) (0.0-0.2) (1.5-1.6)
any serious infection (n=210) 97.1 354 99.5 7.8 0.1 1.5
in children seen only once (93.9-98.9) (33.9-37.0) (99.0-99.8) (6.8-8.9) (0.0-0.2) (1.5-1.6)
(n=3942)
any serious infection (n=174) 96.0 40.8 99.6 6.7 0.1 1.6
in children < 3 years (n=4128)  (91.9-98.4) (39.3-42.3) (99.1-99.8) (5.7-7.7) (0.0-0.2) (1.6-1.7)
any serious infection (n=75) in 98.7 37.3 99.6 6.5 0.0 1.6
children at paediatric  (92.8-100.0)  (35.5-39.1) (99.5-100.0) (5.2-7.8) (0.0-0.3) (1.5-1.6)
outpatient clinic (n=2895)
any serious infection (n=197) 96.4 38.3 99.3 7.8 0.1 1.6
in children at ED (n=2622) (92.8-98.6) (36.3-40.2) (98.5-99.7) (6.5-8.9) (0.0-0.2) (1.5-1.6)

All diagnostic characteristics are given in percentage with their respective 95% confidence intervals in

brackets; LR: likelihood ratio; PV: predictive value; ED: emergency department.
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FIGURES & SUPPLEMENTARY FILES

Figure 1: Flowchart of recruited iliness episodes in acutely ill children

GP: general practitioner; CRP: point-of-care C-reactive protein testing

Figure 2: Algorithm
POC CRP: point-of-care C-reactive protein testing; number of all illness episodes (n=5517) and

number of serious infections (n=272) given in each classification group.

Figure 3: Suggested interpretation of algorithm

CRP: point-of-care C-reactive protein testing; O2 sat: oxygen saturation; t°: temperature; sec:
seconds; n/N: number of serious infections / number of children testing “no to all” or “yes to any”; %:
percentage of all children within this category

Reading guide: (I) Perform POC CRP on all children, (lI) depending on CRP level (<20; 20-75; >75
mg/L), (lll) check additional signs and symptoms and (IV) if the child scores “yes to any”’, have the

child reviewed by a consultant paediatrician, if “no to all”, apply appropriate safety netting.

Online Supplementary File 1: Clinical features scored by participating physicians

: illness is different from previous illnesses according to parents; +: clinician concern: subjective

feeling of the physician that something was out of the ordinary

Online Supplementary File 2: Baseline characteristics for children seen at paediatric
outpatient clinic and emergency department

Sl: serious infection; POC CRP: point-of-care C-reactive protein test; IQR: interquartile range

Online Supplementary File 3: bivariable analyses of clinical features to identify serious
infections
LR+: positive likelihood ratio; LR-: negative likelihood ratio; PPV: positive predictive value; NPV:

negative predictive value; 95%Cl: 95% confidence intervals

Online Supplementary File 4: predictors of algorithm

POC CRP: point-of-care C-reactive protein test
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primary ERNIE 2 data:
8962 iliness episodes

recruited at GP office:
L 3288 illness episodes

recruited at hospital:
12 paediatric units
5674 illness episodes

excluded episodes:

110 re-inclusions within 5 days
29 known chronic condition
17 missing informed consents
1 exceeded age range

)

[ 5517 iliness episodes ]

6 emergency departments:
2622 illness episodes

Figure 1: Flowchart of recruited illness episodes in acutely ill children (GP: general practitioner; CRP: point-
of-care C-reactive protein testing)
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9 |

5517 illness episodes

in 4608 children

1

13 T

el

14 -
15 <20 mg/L

POC CRP

+ 378 iliness episodes
[ > 75 mg/L 100 serious infections]

7 clinical features

+ ( 1065 illness episodes
| 86 serious infections

20 [ 4 vital signs
21 7 clinical features

22 N

20-75 mg/L

23 1651 illness episodes
6 serious infections

357 iliness episodes
2 serious infections

i ( 2071 iliness episodes 1
| 78 serious infections |

Figure 2: Algorithm (POC CRP: point-of-care C-reactive protein testing; number of all illness episodes
(n=5517) and number of serious infections (n=272) given in each classification group)
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n/N
(%)

proportion of

02 sat <95%7?
b t° >39.5°C?
b breathing rate >50/min?
b capillary refill >2 sec?
& moaning?
b belly ache?
L pale?
b neck pain?
L petechial rash?
b inconsolable?
b drowsy?

if no to all:
passive safety net

6/1651
(0.4%)

if yes to any:
review by consultant

78/2071
(3.8%)

different iliness?

'
L fever not better with antipyretics?

L age < 6 months?
L duration of fever < 1 day?
L vomiting?
L cries a lot?
b reduced intake?

if no to all:
active safety net

2/357
(0.6%)

if yes to any:
review by consultant

86/1065
(81%)

level is:
Omg. =
B TRIAGE
- LEVEL
20mgL =
- TRIAGE
_ LEVEL
75mg =
= TRIAGE
= LEVEL

always:
review by consultant

100/373
(26.8%)

luded children
%

Figure 3: Suggested interpretation of algorithm (CRP: point-of-care C-reactive protein testing; 02 sat:
oxygen saturation; t°: temperature; sec: seconds; n/N: number of serious infections / number of children
testing “no to all” or “yes to any”; %: percentage of all children within this category%"Reading guide: (I)

Perform POC CRP on all children, (II) depending on CRP level (<20; 20-75; >75 mg/L), (III) check

additional signs and symptoms and (IV) if the child scores “yes to any”, have the child reviewed by a

consultant paediatrician, if “no to all”, apply appropriate safety netting)

288x144mm (300 x 300 DPI)
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; Online Supplementary File 1: Clinical features scored by participating physicians
3 type variable values % missing
4 general sex boy/girl 0.0%
5 age in years number of years 0.0%
6 history taking presenting complaints string variable 1.1%
7 illness is different from previous illnesses* nol/yes 4.4%
8 child is less active nol/yes 3.1%
child is sleepy nol/yes 3.6%
9 child is hard to wake up no/yes 3.9%
10 child cries a lot nolyes 3.4%
11 child has abnormal behaviour nol/yes 3.8%
12 child's speech is inconsistent nol/yes 4.2%
fever present? nol/yes 7.3%
13 .
duration of fever number of days 19.9%
14 fever not improved with antipyretics nol/yes 21.8%
15 diarrhoea nolyes 2.5%
16 bloody diarrhoea nol/yes 5.2%
17 stomach ache nol/yes 4.6%
vomiting nol/yes 3.5%
18 persistent vomiting nol/yes 6.1%
19 bile-stained vomiting nolyes 6.7%
20 does your child have reduced intake? nol/yes 3.2%
21 does your child pee less? nol/yes 3.9%
2 short of breath nol/yes 4.5%
23 coughing nol/yes 2.3%
headache nol/yes 3.6%
24 neck pain no/yes 3.7%
25 observation clinician concern+ nolyes 4.3%
clinical impression child is seriously ill nol/yes 3.8%
26 child is irritable nol/yes 3.6%
. (]
27 -
child is drowsy nol/yes 3.6%
28 child had reduced consciousness nol/yes 3.5%
29 child is inconsolable nol/yes 3.6%
30 child is moaning nol/yes 3.5%
child has nasal flaring nolyes 6%
31 hild h | flari / 3.6%
chest wall retractions nol/yes 3.5%
32 child laughs less nol/yes 3.6%
clinical examination ighest temperature (measured or reporte emperature in 2%
33 linical inati highest t t d rted t ture in °C 3.2%
34 pus on tonsils nol/yes 4.5%
signs of acute otitis media nolyes .0%
35 i f acute ofiti di / 5.0%
36 bilateral otitis media nol/yes 5.0%
discharging ears nol/yes 5.0%
37 extensive adenopathy nol/yes 4.3%
redness and or swelling of face nolyes 3%
38 d d Mli f f / 4.3%
39 purulent conjunctivae nol/yes 4.2%
40 bilateral purulent conjunctivae nol/yes 4.4%
dyspnoea no/yes 4.0%
41 crackling nol/yes 4.3%
42 reduced breathing sounds nol/yes 4.5%
43 rhonchi no/yes 3.5%
44 cyanosis nol/yes 4.4%
45 peritoneal irritation no/yes 7.7%
petechial rash nol/yes 4.4%
46 meningeal irritation nol/yes 4.5%
47 reduced peripheral circulation nolyes 4.3%
48 pale nol/yes 4.4%
49 skin turgor nol/yes 4.4%
50 fontanelle tension normal/bulged/sunken 4.6%
swollen limb, non-weight bearing extremity nol/yes 29.2%
51 breathing rate times per min 31.4%
52 heart rate times per min 30.4%
53 oxygen saturation percentage 29.9%
54 capillary refill number of seconds 26.1%
55 diagnosis working diagnosis string variable 2.2%
management extra tests? nol/yes 11.6%
56 admitted to hospital? nol/yes 0.0%
57
58 *.iliness is different from previous illnesses according to parents; +: clinician concern: subjective feeling
59

60 of the physician that something was out of the ordinary



oNOYTULT D WN =

Page 26 of 28

Online Supplementary File 2: Baseline characteristics for children seen at paediatric outpatient clinics
and emergency departments

children seen at children seen at
paediatric emergency
outpatient clinics departments
(n=2895) (n=2622)
median age in years (IQR) 1.5 (0.8-2.7) 1.7 (0.8-3.6)
boys (%) 1541 (53.2%) 1410 (53.8%)
final outcome of Sl (% prevalence): o o
= admission >24h with any of the following: 75 (2.6%) 197 (7.5%)
sepsis 3 (4.0%) 7 (3.6%)
meningitis 1(1.3%) 16 (8.1%)
appendicitis 1(1.3%) 13 (6.6%)
pneumonia 51 (68.0%) 104 (52.8%)
osteomyelitis 0 (0.0%) 0 (0.0%)
cellulitis 0 (0.0%) 3 (1.5%)
bacterial gastro-enteritis 4 (5.3%) 17 (8.6%)
complicated urinary tract infection 15 (20.0%) 37 (18.8%)
median POC CRP level (IQR) 14 (4-32) 11 (4-30)

SlI: serious infection; POC CRP: point-of-care C-reactive protein test; IQR: interquartile range
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Online Supplementary File 3: Bivariable analyses of clinical features to identify serious infections

type variable sensitivity  95% CI__specificity  95% CI LR+ 95%Cl LR- 95%Cl PPV 95%Cl NPV 95% Cl
history taking illness is different from previous illnesses 1.6 04 4.0 98.9 986 992 14 05 39 1.0 10 10 6.8 19 165 952 946 958
child is less active 0.4 00 21 99.7 996 999 1.5 02 113 1.0 10 1.0 7.1 02 339 951 945 956
child is sleepy 0.4 00 21 99.7 CElE e 15 02 114 10 10 10 71 02 339 951 945 957
child is hard to wake up 0.4 0.0 21 99.8 996 999 20 03 152 1.0 10 10 9.1 02 413 951 945 957
child cries a lot 0.0 00 14 99.8 996 999 09 01 156 1.0 10 1.0 0.0 00 308 951 944 956
child has abnormal behaviour 1.9 06 45 99.6 994 997 46 18 122 1.0 1.0 1.0 19.2 66 394 953 946 958
child's speech is inconsistent 4.7 25 841 971 966 975 1.6 09 29 10 10 10 7.6 40 128 953 946 958
fever duration 2 1 day 98.7 96.3 99.7 0.6 04 09 1.0 10 10 23 08 69 52 46 59 90.0 735 979
fever does not improve with antipyretics 19.0 141 248 89.7 887 907 19 14 25 09 09 10 9.7 7.1 129 950 942 957
diarrhoea 26.8 215 32.6 79.0 77.9 80.1 13 1.0 1.6 09 09 10 6.1 48 7.7 955 948 96.1
bloody diarrhoea 2.0 07 46 99.6 994 998 55 21 147 1.0 10 1.0 21.7 75 437 953 947 958
stomach ache 225 173 283 86.9 85.9 87.8 1.7 13 22 09 08 10 7.8 59 101 958 951 96.3
vomiting 28.4 23.0 34.2 78.1 76.9 79.2 13 11 1.6 09 08 10 6.3 50 78 955 948 96.1
persistent vomiting 8.9 57 132 96.1 955 966 23 15 35 09 09 10 10.3 66 152 955 948 96.0
bile-stained vomiting 4.5 22 78 98.9 98.6 992 441 22 78 10 09 10 17.2 89 287 953 947 959
child has reduced intake 64.1 58.0 69.9 54.3 529 557 14 13 15 0.7 06 08 6.8 58 7.8 96.7 9.0 973
child pees less 224 17.4 281 86.9 86.0 87.8 1.7 14 22 09 08 1.0 7.9 60 102 957 951 96.3
short of breath 24.7 19.6 304 84.8 83.7 85.8 16 13 20 09 08 10 7.8 6.1 99 956 949 96.2
coughing 61.5 554 67.4 42.5 411 439 11 1.0 1.2 09 08 11 53 45 61 955 946 963
headache 8.1 50 124 93.3 925 940 1.2 08 19 1.0 09 1.0 57 34 87 953 947 959
neck pain 4.2 20 76 98.3 97.9 986 2.5 13 47 10 09 10 11.0 54 193 954 948 96.0
observation clinician concern 43.2 37.0 495 86.8 859 878 3.3 28 38 0.7 06 07 145 121 172 96.7 962 972
clinical impression child is seriously ill 30.6 25.0 36.6 93.2 925 939 45 37 56 07 07 08 18.7 151 228 96.3 958 96.9
child is irritable 17.0 126 221 91.0 90.2 91.8 19 14 25 09 09 10 88 65 117 955 949 96.1
child is drowsy 9.7 64 140 96.5 959 970 2.7 18 41 09 09 1.0 123 81 176 954 948 96.0
child had reduced consciousness 0.4 00 22 99.6 994 998 10 01 77 1.0 10 10 50 01 249 952 946 957
child is inconsolable 9.7 6.4 14.0 95.3 947 958 21 14 30 09 09 10 95 62 137 954 948 959
child is moaning 12.5 87 171 98.2 97.8 985 6.8 46 99 09 09 09 256 182 342 957 951 96.2
child has nasal flaring 10.1 6.7 145 97.7 972 981 43 29 65 09 09 10 181 121 253 955 949 96.1
chestwall retractions 11.7 80 16.2 95.0 944 956 24 17 34 09 09 10 107 73 149 955 949 96.0
child laughs less 28.9 234 349 89.6 88.8 905 28 23 34 08 07 09 124 99 153 96.1 955 96.7
clinical examination temperature = 40.0°C (measured or reported) 441 38.0 505 731 718 744 16 14 19 08 07 09 85 70 101 959 0952 965
pus on tonsils 2.0 06 45 94.2 935 949 03 01 08 1.0 10 1.1 1.7 06 39 950 943 956
signs of acute otitis media 12.3 85 16.9 85.0 840 860 08 06 12 1.0 10 11 4.0 27 56 950 944 957
bilateral otitis media 6.7 4.0 105 93.9 932 946 11 07 18 1.0 1.0 10 53 31 84 952 945 958
discharging ears 2.8 11 57 98.2 97.8 986 1.6 07 34 1.0 1.0 10 7.5 31 147 953 0946 958
extensive cervical adenopathy 23 09 50 97.1 9.6 976 0.8 04 18 1.0 1.0 10 4.0 15 85 951 945 957
redness and or swelling of face 5.1 27 85 97.1 966 976 1.8 10 31 1.0 10 1.0 82 45 137 952 946 958
purulent conjunctivae 3.9 19 70 96.4 959 969 11 06 20 1.0 1.0 10 53 26 95 951 0945 957
bilateral purulent conjunctivae 0.8 01 28 97.8 974 982 04 01 14 10 10 10 1.8 02 63 951 0944 956
dyspnea 20.9 16.1 26.4 91.8 91.0 925 26 20 33 09 08 09 11.6 88 148 958 952 96.3
crackling 19.7 15.0 25.1 90.7 898 915 21 16 27 09 08 09 9.8 74 127 956 950 96.2
reduced breathing sounds 121 83 16.7 97.1 966 976 42 29 61 09 09 09 17.8 124 243 956 950 96.1
rhonchi 31.0 255 37.0 73.8 725 750 1.2 10 14 09 09 1.0 58 46 7.1 954 947 9.0
cyanosis 1.6 04 39 99.8 996 999 6.5 21 199 1.0 10 1.0 250 73 524 952 946 957
peritoneal irritation 41 20 74 99.6 994 998 11,7 54 252 1.0 09 10 37.0 194 576 954 948 959
petechial rash 2.7 11 &8s 98.5 982 989 1.8 09 40 1.0 1.0 10 8.8 36 172 951 945 957
meningeal irritation 3.9 19 70 99.7 995 998 13.8 62 308 1.0 09 1.0 41.7 221 634 952 946 958
reduced peripheral circulation 7.3 45 112 98.4 98.0 987 45 28 73 09 09 10 19.0 118 281 953 947 959
pale skin 18.1 136 233 95.0 943 956 3.6 27 48 09 08 09 157 118 203 957 951 96.3
abnormal skin turgor 1.5 04 39 99.4 992 996 28 10 78 1.0 1.0 10 125 35 290 951 945 957
abnormal fontanel tension 0.9 01 31 99.9 99.8 100.0 13.7 23 817 1.0 10 10 40.0 53 83 954 948 9.0
swollen limb or non weight bearing extremity 0.5 00 29 98.9 983 992 05 01 35 1.0 1.0 10 24 01 129 951 943 957
breathing rate 2 50/min 233 148 336 90.0 883 916 23 15 35 09 08 10 13,5 85 201 94.6 932 958
heart rate 2 150/min 354 259 458 79.9 776 82.0 18 13 24 08 07 09 11.0 78 151 94.6 93.1 958
oxygen saturation < 95% 29.2 20.8 389 88.9 87.0 906 26 19 37 08 07 09 18.2 127 249 937 921 950
capillary refill > 3 seconds 20.1 141 273 91.6 904 927 24 17 34 09 08 09 13.6 94 187 946 936 955
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Online Supplementary File 4: predictors of clinical prediction rule
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clinical prediction rule number of likelihood-ratio chi-square portion of contribution
splits to the fit
POC CRP 2 270.82 0.6579
belly ache 1 20.21 0.0491
illness different from previous illnesses 1 19.04 0.0463
grunting 1 18.49 0.0449
age < 6 months 1 14.64 0.0356
fever not improving with antipyretics 1 11.79 0.0286
oxygen saturation < 95% 1 10.97 0.0267
cries a lot 1 9.49 0.0231
temperature > 39.5°C 1 8.69 0.0211
capillary refill > 2 seconds 1 5.82 0.0141
breathing rate > 50/minute 1 4.13 0.0100
reduced intake 1 3.98 0.0097
drowsy 1 3.12 0.0076
petechial rash 1 2.63 0.0064
duration of fever < 1 day 1 2.59 0.0063
neck pain 1 1.99 0.0048
inconsolable 1 1.48 0.0036
vomiting 1 0.97 0.0024
pale skin 1 0.79 0.0019

POC CRP: point-of-care C-reactive protein test





