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Anotacija
Klinisko pazimju kopuma, vecaku un arstu intuitiva noveértéjuma nozime
smagu bakterialu infekciju diagnostika bérniem ar drudzi

Drudzis bérniem ir viens no biezakajiem palidzibas mekléSanas iemesliem
Neatlickamas palidzibas nodala. Lai gan visbiezak drudzi izraisa paslimit§josas virusu
infekcijas, 4 lidz 25 % gadijumos bérniem, kuri versusies Neatlickamas palidzibas nodala ar
drudzi, tiek diagnosticétas smagas bakterialas infekcijas (SBI), kas joprojam ir viens no
biezakajiem bérnu mirstibas c€loniem arf attistitajas valstis. Atra febrilu pacientu ar iesp&jamu
SBI atpaziSana ir nozimigs izaicinajums klinicistiem lielas pacientu plismas Neatlickamas
palidzibas nodala del.

ST pétijuma mérkis bija uzlabot agrinu SBI atpazisanu bérniem ar drudzi, kuri vérsas
péc palidzibas Neatliekamas palidzibas nodala, izvertgjot dazadu klinisko pazimju, klinicista
intuitiva novértéjuma (“gut feeling”) par iesp&jamu smagu saslimSanu, klinicista intuitiva
novért€juma par iesp&jamu paslimit&josu saslimsanu (“sense of reassurance”), ka ari vecaku
bazu par at$kirigi / smagak noritoSu saslim$anu bérmam (parental concern) diagnostisko
vertibu. Balstoties uz minétajiem faktoriem ka mainigajiem, tika izveidoti un validéti divi
kltniskie paredzeésanas modeli. Modela, kura ieklauti tikai kliniskie parametri, efektivitate tika
salidzinata ar otra modela, kura tika ieklauti klinicista instinktu raksturojosie parametri,
efektivitati SBI atpazisana. Modeli tika izveidoti, balsoties uz 517 prospektivi ieklautu pacientu
klinisko informaciju, kuri p&c palidzibas vérsas Bérnu kliniskas universitates slimnicas (BKUS)
Neatlieckamas palidzibas nodala. Rezultati tika validéti balstoties uz datiem, kas iegiiti no
188 prospektivi ieklautu pacientu populacijas, kuri p&c palidzibas bija versusies sesas Latvijas
regionalajas slimnicas.

Lai gan klinicista intuitiva novertéjuma (“gut feeling”) par iesp&jamu smagu saslimsanu
prognostiska vértiba SBI atpazi$ana bija ierobezota, klinicista intuitivais novertejums par
iesp&jamu paslimit&josu saslimsanu “sense of reassurance” bija nozimigs prognostisks raditajs
SBI neesamibai. Modelis, kura klinicista instinktu raksturojoSie mainigie tika integréti kopa ar
kliskajam pazimeém, efektivak atpazina SBI gan izveides (receiver operating characteristic
curve (ROC) area under curve (AUC) 0,783, 95 % ticamibas intervals (TT) 0,727-0,839), gan
validacijas populacijas (ROC AUC 0,752, 95 % T1 0,674-0,830), salidzinot ar modeli, kura tika
ieklauti tikai kliniskie parametri (ROC AUC izveides populacija — 0,738, 95 % T10,688-0,788,
validacijas populacija— 0,677, 95 % T1 0,586-0,767). Abiem modeliem bija mérena efektivitate
SBI atpaziSana drudZa pacientiem, kuri veérsas péc palidzibas Neatliekamas palidzibas nodala.
Pamatojoties uz efektivako modeli, tika izveidota uz punktiem balstita drudza pacientu

vert€Sanas sisteéma, kas vienkarSoja pacientu ar augstu vai zemu SBI risku atpaziSanu, ka ari



nodalija dalu pacientu ta sauktaja diagnostikas “pelekaja zona”, kura SBI un vieglak noritoSu
infekciju kltnisko izpausmju smagums bija lidzigs.

Atskiriba no citu Eiropas valstu pétijumu rezultatiem primaras apripes [imeni, vecaku
bazu par atSkirigi / smagak noritosu saslim$anu prognostiska vértiba SBI atpazi$ana pétijuma
populacija bija zema. Vecaku bazu limeni ietekméja satraukums, ko izraisija drudzis bérnam
jeb ta deveta “drudza fobija”, kas savukart mudinaja vecakus drudza gadijuma bérnam veérsties
péc palidzibas agrini. Kvalitativa pétijuma, balstoties uz 34 vecaku intervijam, kuru bérni tika
ieklauti BKUS kohorta, tika noskaidrots, ka vecaku starpa pastav miti par drudza iespg&jamu
kaitigu ietekmi uz bérna organismu. So nepareizo, uz pieradijumiem nebalstito piengmumu
saglabasanos nereti veicinaja nepietickams klinicistu skaidrojums par bérnu ar drudzi aprupi,
ka arT emocionala atbalsta trikums no medicinas personala puses, vecakiem riipgjoties par ar
drudzi slimu bérnu. P&tijums parada, ka “drudza fobijas” mazinaSanai un vecaku bazu ka
kliniska raditaja precizitates uzlaboSanai nepiecieSama plasaka vecaku izglitosana par to, ka
izvertet un aprupéet bérnu ar drudzi.

Atslegvardi: drudzis, smaga bakteriala infekcija, klicista intuitivais novert&jums,

vecaku bazas, drudza fobija.



Abstract

Fever is one of the main reasons for visits to paediatric emergency departments (ED).
Although in most cases the underlying cause is self-limiting viral infections, 4 to 25 % of
children visiting ED with fever develop serious bacterial infections (SBI), which are significant
causes of childhood mortality, even in developed countries. Due to high number of patients
visiting ED with febrile illness, rapid discrimination between children with and without possible
SBI is challenging.

This study aimed to improve early recognition of SBI in children who present to ED by
assessing the diagnostic value of clinical signs at presentation, clinician’s non-analytical
reasoning, defined as “gut feeling” of serious illness and “sense of reassurance”, and parental
concern of different / more severe illness. Based on these variables, derivation and external
validation of two clinical prediction models (CPMs) for SBI was performed, and the
performance of a CPM based on clinical variables alone was compared to a model integrating
clinical features together with variables of non-analytical reasoning. The models were derived
from a dataset of 517 febrile patients presenting to the ED of Children’s Clinical University
Hospital (CCUH) in Riga, and externally validated in a dataset of 188 patients prospectively
enrolled in six regional hospitals in Latvia.

While the prognostic value of clinician’s “gut feeling” as an independent variable for
diagnosing SBI was limited, “sense of reassurance” was significantly predictive of absence of
SBI, and the performance of the CPM 2 integrating the non-analytical variables with clinical
features was superior in both derivation (Receiver Operating Characteristic curve (ROC) Area
Under Curve (AUC) 0.783, 95 % confidence interval (Cl) 0.727-0.839) and validation cohorts
(ROC AUC 0.752, 95 % CI 0.674-0.830), when compared to the performance of the CPM 1,
which was based solely on clinical variables (ROC AUC in derivation population 0.738, 95 %
Cl 0.688-0.788, in validation population 0.677, 95 % CI 0.586-0.767). Both CPMs had
moderate ability to predict SBI in febrile children presenting to ED and acceptable performance
in the validation cohort. A scoring system based on the superior prediction model was created
to distinguish between patients with high or low risk of SBI, as well as to identify patients in
diagnostic “grey area”, in which the severity of manifestations of SBI and mild infections
overlapped.

Contrary to studies in primary care performed in other European countries, parental
concern was not significantly predictive of SBI. Elements of fever-related anxiety were
identified as factors influencig the level of parental concern and urging parents to present to
healthcare early. A qualitative interview study including 34 parents of patients enrolled in

derivation cohort revealed existing misconceptions regarding the possible negative effects of
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fever, which often were a result of unfulfilled educational and emotional needs when caring for
a febrile child. This study suggests that educational intervention is necessary to reduce “fever
phobia” in parents and to improve the diagnostic reliability of parental concern.

Key words: fever, serious bacterial infection, gut feeling, parental concern, fever
phobia.
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Introduction

Febrile illness in a child is one of the most common reasons for seeking medical
assistance. In developed countries, close to 40 % of children aged 6 months or younger, and
over 60 % of children aged 6 months to 5 years have had a febrile episode at least once in their
lives [1, 2]. Most febrile children present to primary care, where fever is the reason behind up
to 30 % of paediatric visits [3, 4]. Fever is one of the leading reasons for visiting paediatric
emergency departments (ED), where it constitutes for 7.5% to nearly a quarter of all
consultations, and up to 30 % of non-surgical cases [5-9]. In the vast majority of cases fever
caused by self-limiting viral infections, and, after introduction of comprehensive immunization
programmes in developed countries, the rate of serious bacterial infections (SBI) ranges from
less than 1 % in primary care [10, 11] to between 4 % and 15 % of all febrile children presenting
to paediatric emergency departments [12-15] (up to 27 % in very young children with fever
without source [16, 17]).

Children with febrile illness create a challenge for healthcare workers, especially
doctors working at paediatric EDs — on one hand, the probability of serious illness is relatively
low, therefore taking precautions such as antibiotic prescription or extensive, often invasive
investigation may prove to be unnecessary, yet lead to increased costs, prolonged stay at the
ED, and decreased patient satisfaction [18, 19]. On the other hand, a small portion of these
children may have a serious illness, in which case failure to recognize and treat the infection
early may result in adverse outcomes, patient deterioration, even death [20, 21]. Through
previous research in paediatrics, several clinical signs and symptoms associated with serious
illness in febrile children have been identified [22], which can aid the diagnostic process.
Recognition of these signs serve as a foundation for national and international guidelines for
clinical evaluation of febrile children [2, 23-26], of which arguably the best known is the
“Traffic light” system developed in United Kingdom by National Institute for Health and
Clinical Excellence (NICE) [2]. And yet, studies have shown that recognition of “red” and
“amber” clinical features in febrile children still failed to identify a significant proportion of
children with serious illness [11, 15, 27].

To estimate the probability of SBI in febrile children in various clinical settings,
numerous clinical prediction rules have been created [10, 13-17, 26, 28-33]. These models
often include a limited number of clinical variables, making rapid assessment and triage of
patients more convenient. Prediction models that include laboratory results in addition to
clinical parameters perform far better when validated in other populations [28, 34, 35] than
models based on clinical variables only [10, 12, 15, 17]. Despite the added reliability,

assessment of laboratory variables in large patient populations may be problematic in settings
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where rapid point-of-care tests (POTCs) are unavailable and obtaining laboratory results
requires additional time and personnel.

Another problem in clinical evaluation of children with febrile illness is that sometimes,
especially when presenting early in disease, the “red flag” symptoms may not have developed
yet, and clinical signs may be subtle and son-specific to either serious or self-limiting illness. It
is evident that not only presence or absence of “alarm” signs in the febrile child play a role in
the decision of a primary care physician to refer the child to secondary care or ED [36], but also
“out feeling” of something wrong, even if alarm signs are absent [10, 37, 38]. This “sense of
alarm” has been associated with increased likelihood of SBI in children in primary care settings
[10, 38], and it has proven to be useful in other fields of medicine, such as recognition of cancer
in primary care [39, 40]. Similarly, parental concern that “this illness is different” has been
identified among parents of children with SBI [41] and associated with an increased likelihood
of developing SBI in a prospective study in primary care [10]. Though the results of studies in
primary care are promising, the diagnostic value of “sense of alarm” when expressed by either
parents or clinicians is yet to be fully assessed in secondary and tertiary healthcare, such as
paediatric emergency departments.

Furthermore, it is important to clarify the factors causing parental anxiety during febrile
illness in their child. While it may be the case that the main reason behind parental concerns is
the seriousness of the child’s condition, lack of understanding of the role of fever during an
infection, or unfounded fear of its effects also plays a significant role. “Fever phobia” by
parents, first described decades ago [42], is still present nowadays despite widely available
information on proper management of fever in children [43-47], and one of the main causes of
non-urgent visits to ED [45, 48]. Recognition of this anxiety and exploration of the triggers for
it is the key for improvement of communication with the caregivers, and would enable
clinicians to construct educational measures to reduce the concern raised by fever itself and
empower parents to manage their child’s fever properly and with confidence [47, 49, 50].
Moreover, it would help clinicians to distinguish between fever phobia and genuine concern
that the child’s condition is more serious during this particular febrile episode, which can
significantly improve the evaluation and diagnostic process.

This research focuses on integrating clinical variables, clinician’s “gut feeling” of
something being wrong, and parental concern into a diagnostic tool for recognition of serious
bacterial infections in children presenting to paediatric emergency department with a febrile

illness.
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Aim of the Thesis
The aim of this thesis is to assess the diagnostic value of objective variables — clinical

signs and symptoms at presentation — separately and in combination, as well as of non-

analytical variables — clinician’s “gut feeling” of something wrong and “sense of reassurance”,

and parental concern, in early recognition of serious bacterial infection in febrile children who

present to Emergency department.

Objectives of the Thesis

1.

To identify clinical features at presentation with high prognostic value for SBI in

children with fever.

2. To evaluate the diagnostic significance of clinician’s “gut feeling” of something
being wrong, also defined as “sense of alarm”, and “sense of reassurance” in
recognition of SBI in febrile children who present to ED.

3. To assess the prognostic value of parental concern (“different / more severe
illness”) in diagnosis of SBI in febrile children who present to ED.

4. Toexplore reasons that raise parental concern while caring for a child with a febrile
illness.

5. To analyse parental beliefs regarding fever and to identify, if present, elements of
fever phobia.

6. To develop and prospectively validate a diagnostic tool for predicting serious
bacterial infections in children with fever, based on combination of objective
variables (clinical features) and non-analytical variables (“gut feeling” of
something being wrong, “sense of reassurance”, and parental concern).

Hypotheses of the Thesis

1. “Gut feeling” of something wrong and “Parental concern” are significant prognostic
factors of SBI in children with fever, as is “sense of reassurance” for absence of
SBI.

2. Addition of non-analytical variables (“gut feeling” of something wrong, “sense of

reassurance”, and parental concern) to a combination of clinical features in
a prediction model can improve the performance of the diagnostic tool in

recognizing serious bacterial infection.
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Research question of the Thesis
How do parents experience taking care of a child with febrile illness — what causes

anxiety and urge to look for help, and what kind of help is expected from healthcare personnel?

Scientific novelty of the Thesis

This study adds to understanding of how serious bacterial infection can be predicted in
febrile children prior to availability of diagnostic investigation results, by integrating clinical
features at presentation together with variables describing clinician’s non-analytical reasoning
in an internally and externally validated clinical prediction model. The study is so far the first
among the published studies to investigate the diagnostic value of clinician’s non-analytical
reasoning in tertiary care paediatrics. Though there is evidence for high diagnostic value of “gut
feeling” of something being wrong in primary care studies, research on its significance in
Emergency Department settings is lacking. The diagnostic value of “sense of reassurance” in
ruling out serious infection in paediatrics is so far unknown. Similarly, there are no published
studies on diagnostic value of parental concern in recognition of SBI in children presenting to
Emergency Departments. In addition to assessing its prognostic value, this study aims to clarify
the reasons for parental concern when caring for a febrile child, and to examine the role of

fever-related anxiety.
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1 Literature Review
1.1  Concept of fever

Despite the widespread prevalence of the phenomenon, the understanding and
interpretation of the concept of fever varies between healthcare specialists, physiologists, and
laypersons, such as patients or their parents. Historically, medical views of fever have gone
through stages of accepting it as an essential component in fighting illness (the yellow bile as
“fire” that cooks out the infection — understanding based in Hippocratic doctrine of humour
theory) to almost direct association with severe, even mortal disease in the Enlightenment era,
as a result of erroneous conclusions from physiological experiments [42, 51, 52]. Through
meticulous research in immunology and neurophysiology, the role of fever as physiological
reaction to threat to the organism has been clarified [51].

Nowadays, clinical sources and medical literature define fever as elevation of body
temperature above the normal daily variations [53-57]. The rise of body temperature during
fever is a regulated process, which occurs as a host reaction to infection, inflammation, trauma,
or neoplastic processes, of which invasion or infection with foreign microorganisms (viruses,
bacteria, protozoa) is the most common trigger. Microbial products or cytokines secreted by the
host during inflammatory response act as pyrogenic substances to increase the hypothalamic
set point, to which the body temperature is subsequently adjusted through increased heat
production and decreasing heat loss [54-59]. Fever must be distinguished from hyperthermia,
an unregulated increase in body temperature which results from increased exposure to heat or
abnormal heat production in excess of heat loss, while the hypothalamic set point is unchanged
[54, 60, 61]. Hyperthermia may arise from increased environmental heat exposure; abnormal
thermoregulation due to central nervous system injury of the hypothalamus, thyrotoxicosis,
status epilepticus, or genetic conditions affecting thermoregulation; or increased heat
production caused by hyperthermia-inducing drug intoxication [54, 62].

The margins of variations of normal body temperature are less clear. Normal body
temperature was first defined by Carl Reinhold August Wunderlich as axillary temperature
range of 36.6 to 37. 4 °C [63, 64], the average temperature of 37.0 °C was accepted as the
defined norm [56, 65, 66]. However, there are significant variations in body temperature
depending on age, sex, race, time of day, time of year, and other factors such as comorbidities
[64-68]. The variability of body temperature is greater in younger people, as is the body
temperature itself, when compared to older adults and elderly [67—70]. Normal body
temperature in infants younger than 3 months can be especially high and reach a level

considered as fever in older children and adults [71]. Site of measurement is another important
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aspect to consider when defining normal body temperature and fever. Several organizations
define fever as increase in core (rectal) temperature above 38 °C [2, 57], and it is known that
measurements taken in other sites will register lower temperatures — axillary temperature is
0.5-0.7 °C lower, oral temperature may differ by negative 0.4 °C, and readings of tympanic
temperature may be 0.3 °C lower [2, 66, 69, 72]. Nevertheless, the cut-off values for fever and
choice of sites for temperature measurement differ significantly between studies regarding
febrile illness in children. While some adhere to the “gold standard” of measuring rectal
temperature [14, 16, 73, 74], others accept use of less invasive measurement methods [10, 12,
13]. Body temperature considered as fever is mostly set at 38 °C, varying slightly between
37.9°C and 38.3 °C.

Fever is viewed as an adaptive response to infection developed by many animal species
through evolution [56]. There is prevailing evidence of beneficial role of fever by promoting
chemotaxis of neutrophils to the site of inflammation [75, 76], amplifying the protective effects
of interferon (IFN), tumour necrosis factor alpha (TNF-a), or Interleukin-1 (IL-1) [56, 76-78],
and by induction of stress responses in microorganisms [79]. Furthermore, fever suppression
with antipyretics can supress the immune response of the host by impairing adherence of
immune cells to endothelium, suppressing migration of leukocytes, and by inhibition of
production of inflammatory cytokines [58], though there is no evidence that antipyretics
prolong the duration of illness [80]. As fever is physiologically regulated, the body temperature
rarely rises above 42 °C, except in cases of underlying thyrotoxicosis, malignant hyperthermia,
or under hyperthermic environmental conditions. Also, an increase in body temperature above
41 °C is rarely associated with infection [54, 81, 82].

1.2 Aectiology of fever in children in developed countries
1.2.1 Infectious causes of fever

Infection is the main cause of fever in children, accounting for 95 % of cases in febrile
illness lasting for up to 7 days [83]. The aetiology of fever is most commonly viral (upper
respiratory tract infections, viral gastroenteritis, etc.), followed by uncomplicated bacterial
infection (otitis media, tonsillitis, pharyngitis, sinusitis etc) [2, 62, 84, 85]. Parasitic infections
such as malaria are less common causes of fever in countries outside the endemic areas, though
should be ruled out in returning travellers with febrile illness [86, 87].

In contrast to self-limiting infection, serious bacterial infection (SBI) may result in
significant adverse outcomes, morbidity, and mortality if left untreated [20, 21, 88]. In

otherwise healthy children without immunosuppression, the prevalence of SBI among febrile
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episodes is rare. The overall rate of SBI varies from less than 1 % in children who present to
primary care [10, 11], to anywhere between 4 % and 15 % of all febrile children presenting to
paediatric emergency departments [12—15], and higher in very young infants presenting to ED
with fever without source, when it can reach up to 27 % [16, 17]. Only a small proportion of
children presenting to ED with fever are diagnosed with culture-positive invasive bacterial
infections, with the estimated incidence less than 1 % [32].

The risk of SBI also depends on the age of the child. The prevalence of SBI in infants
younger than 3 months with febrile illness can reach 5 to 14 %, and it is even higher in febrile
neonates (up to 28 days old), from which 10 to 20 % are diagnosed with SBI [62, 85, 88, 89].
After introduction of vaccination against microorganisms such as Streptococcus pneumoniae,
Haemophilus influenzae, and Neisseria meningitidis, the prevalence of SBI in febrile children
older than 3 months has decreased significantly, down to 0.34 to 1 % [62, 85, 90].

Serious bacterial infections

Most studies define serious bacterial infections as bacteraemia, sepsis, pneumonia,
complicated urinary tract infection [13, 91], bacterial meningitis [15, 30, 31, 73, 92, 93], acute
osteomyelitis, and septic arthritis [10, 12, 14, 16, 17, 27, 28, 38, 94-101]. Other studies also
include deep abscesses [12, 15, 92, 98], cellulitis [10, 14, 38, 96, 99], acute bacterial
gastroenteritis [10, 14, 17, 28, 38, 95, 96, 99, 100, 102, 103], acute appendicitis [15, 92, 99],
toxic shock syndrome [92], mastoiditis [12, 15], ethmoiditis [14, 28], and other infections in
their definition SBI. While most studies on serious bacterial infection in febrile children have
been conducted in emergency departments, admission to hospital was required for any of these
infections to qualify as SBI in studies based on primary care cohorts [10, 38, 99]. There are also
sight variations to the reference standards for the different SBls applied to different research
populations, which are reflected in Table 1.1.

Some studies and evaluation algorithms of acutely ill / febrile children include non-
bacterial infection in their outcome definition of serious illness [10, 38, 95, 99, 100, 102, 103],
such as aseptic meningitis [10, 15, 31, 38, 95, 99], lower respiratory tract infection
(bronchiolitis) with hypoxia [100, 102, 103], gastroenteritis with abnormal electrolyte levels
[100, 102, 103], Kawasaki disease [15], etc.
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Table 1.1

Most common serious bacterial infections and their reference standards

Infection

Prevalence
among SBIs

Reference standards

Bacteraemia

3.5 % (in febrile
children up to

16 years in primary
care [99]) to 37.5 %
(in children aged

1 to 36 months
with fever without
source [93])

Isolation of a [single] bacterial pathogen from blood culture
[10, 12, 14, 17, 28, 30, 38, 73, 74, 93-107]

Detection of a single pathogenic bacterium in blood via
culture or PCR [32]

Definite bacteraemia — detection of a single pathogenic
microorganism on blood culture or PCR.

Probable bacteraemia — growth of two or more types of
organism (one not a contaminant); growth of Streptococci
viridans or other common contaminant in case of
endocarditis [13, 27, 91]

Pneumonia

6.9 % (lobar
pneumonia in
children aged 7 days
to 36 months) [98]

to 70.3 % (in children
aged 1 month to

15 years) [12].

Infiltrate [10, 12, 17, 28, 38, 95, 96, 99, 101-103] /
consolidation [100] in a chest radiograph confirmed by
radiologist

Lobar consolidation in a chest radiograph confirmed by
a radiologist [94, 97, 98, 106]

Respiratory difficulty with consolidation in a chest
radiograph [92]

Focal parenchymal density [74] / consolidation [13, 27, 91,
93] in a chest radiograph together with a pathogenic
microorganism found on blood culture [13, 27, 73, 91] /
pleural fluid [13, 27, 73, 91, 93] / positive serology for
Mycoplasma pneumoniae [13, 27, 91].

Nodular infiltrate or consolidation in chest radiograph
assessed by two radiologists [14]

Urinary tract
infection / acute
pyelonephritis

16.1 % (children
younger than 17 years
presenting to primary
care) [10] to 85 % in
children younger than
90 days presenting

to ED [30].

Isolation of at least 10° [30, 95, 107-109] / colony forming
units (CFU) of a single urinary tract pathogen in 1 ml of
suprapubic aspirate urine sample

OR 10°[95]/10*[30, 74,92, 101] / 5 x 10* [104, 106-109]
/107 [13, 27, 91]/ CFU /ml of catheterized sample

OR growth of 10°[74, 92]/ 108 [13, 27, 91] CFU/ml in

a clean catch sample

OR 10*to 5 x 10* CFU/ml in catheterized [107, 108] /
clean catch sample [104, 109] plus abnormal urine analysis
[104, 107-109]

Isolation of at least 10° CFU/ml of a single urinary tract
pathogen in urine culture [93, 97, 98] / two consecutive
urine samples [94] AND cortical defect in renal cortical
scintigraphy [93, 94, 97, 98]

Isolation of at least 10° CFU/mlI of a single urinary tract
pathogen in urine culture PLUS white blood cells in urine
AND serum C-reactive protein (CRP) elevation [10, 38]

Isolation of 10% [73] / 10° [96, 99] CFU/m of a single
organism in urine culture / Bacterial pathogen isolated from
urine [12, 14, 17, 28, 100, 102, 103, 105]
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Table 1.1 continued

Infection

Prevalence
among SBIs

Reference standards

Bacterial
meningitis

0%-25%

Bacterial pathogen isolated in cerebrospinal fluid (CSF)
[14, 30, 32, 73, 74, 93-96, 100, 104-107, 109]

Pleocytosis and a bacterial pathogen isolated in CSF
[10, 97-99]

Clinical meningitis plus a cerebrospinal fluid
polymorphonuclear leucocytosis [12, 15]

Acute
osteomyelitis /
septic arthritis

0% — 6.7 % [32]

Pathogenic bacteria isolated from bone / joint aspirate
[10, 12, 14, 32, 38, 95, 96]

Pathogenic bacteria isolated from bone / joint aspirate OR
blood culture [94]

Pathogenic bacteria isolated from bone / joint aspirate
OR MRI or bone scintigraphy suggestive for osteomyelitis
[99]

Deep abscess /
cellulitis

0% — 18.2 % [96]

Bacterial growth in specimen culture from soft tissue
[14, 96, 102, 103, 106]

Identification of deep abscess assessed by computed
tomography scan [92, 98] and surgical exploration [98]

Cellulitis [15] / deep collection [12] requiring admission or
intravenous antibiotics [15] / surgical drainage [12]

Acute, suppurative inflammation of the subcutaneous
tissues [10, 38, 99]

Bacterial
gastroenteritis

0% — 6.9 % [12, 92]

Isolation of bacterial pathogen in stool [10, 14, 38, 74, 95,
100, 102-104, 106]

Isolation of Salmonella, Shigella or Campylobacter species
in stool [96]

Isolation of bacterial pathogen in stool AND dehydration
[99]

1.2.2 Non-infectious causes

In acute febrile illness (lasting less than 7 days), non-infectious causes account for less

than 5 % of cases [83], therefore they are usually considered when fever lasts longer and the

cause of fever is unclear after a week of investigations, which is characteristic to fever of

unknown origin (FUQ). Even then, infection is one of the main reasons for fever, discovered in

19 to 59 % of cases of FUO in children [110-113]. Second most common reasons for FUO in

children are autoimmune or inflammatory diseases, such as systemic lupus erythematosus,

systemic juvenile idiopathic arthritis, Kawasaki disease, vasculitis, etc [112, 113]. Malignancies

are a rare cause of fever in children, identified in 2 to 6.4 % of cases of FUO [112-114]. In up

to a quarter of cases of FUO in children, the cause is never identified [112, 115].

18




1.3 Assessment of probability of serious bacterial infection in febrile children
1.3.1 Symptoms associated with serious bacterial infections

Several signs and symptoms have been included in assessment scores intended for
patient triage and early recognition of serious illness in children who present to healthcare
[2, 116-119]. Most of these clinical signs can be categorized in one of the following groups:
vital signs, activity, signs of respiratory distress, skin symptoms, and hydration level. Though
the scores, such as the NICE “Traffic light” system, Paediatric Early Warning Scores, and
Manchester Triage system are widely used, the diagnostic value of the clinical signs selected
as the most alarming features in these scores may be limited [11]. The following chapter
discusses these clinical signs and their performance in recognition of SBI in studies including

febrile children.

Vital signs

Vital signs include body temperature, heart rate, respiratory rate, oxygen saturation,
capillary refill time, and blood pressure [15]. These parameters serve as basis for paediatric
assessment scores such as SIRS (Systemic inflammatory response syndrome) criteria [120],
modified and adapted SOFA and qgSOFA (quick Sequential Organ Failure Assessment) scores
[118, 120], NICE sepsis stratification tool [23], and as “amber” features in NICE “Traffic light”
system [2], though reference ranges vary slightly among different assessment tools. While some
studies have found association between abnormalities in specific vital signs or their
combinations with serious infection in children, others have found little to no association when

the correlation between abnormal vital signs and SBI have been analysed.

Tachycardia

Tachycardia (increased heart rate according to normal values for specific age) has been
associated with increased likelihood of serious infection and intermediate infection in
a prospective cohort study conducted in ED in United Kingdom [15], and has been included in
several prediction models for SBI derived from ED cohorts in UK [12], Australia [13], and
other research sites in Europe [32]. It must be noted that the positive likelihood ratio (LR (+))
for tachycardia was less than 5, and negative likelihood ratio was above 0.2 in these studies,
which makes them of limited value for confirming or ruling-out SBI. Other studies conducted
in ED in the Netherlands, UK [14], and Singapore [121] found no association between
tachycardia and SBI. Interpretation of the relationship between tachycardia and SBI in febrile

children is complicated by fever-related increase in temperature by approximately 10 beats per

19



minute with increase in body temperature by each degree Celsius, which is characteristic to
children and infants older than 2 months [122, 123].

Tachypnoea

Tachypnoea / rapid breathing has been strongly associated with increased likelihood of
SBI in two studies performed in primary care settings (LR (+) > 5), though its rule-out value
was limited (LR (-) = 0.70) [10, 99]. These studies included children aged 0 to 16 years, and
tachypnoea was defined as breathing rate either above 40 breaths per minute [10], or above
50 breaths per minute [99]. Another study on children younger than 2 years presenting to ED
found association between tachypnoea (>59 breaths per minute in infants younger than
6 months, >52/min between 6 and 11 months, and > 42/min for children between 1 and
2 years) with pneumonia, though with less significant rule-in value (LR (+) = 3.08) [22, 124].
Other studies conducted in a paediatric assessment units or EDs have found association between
tachypnoea and serious infection [15], pneumonia [13, 14], and urinary tract infection [13],
though also yielding a LR (+) less than five. Tachypnoea has been included in several prediction
models for SBI [12, 14, 28, 32, 33], though not all of them found significant association between
tachypnoea and SBI when analysing the variable separately [12, 33], and different reference
values for tachypnoea were used. Also, increase in respiratory rate related to elevated body
temperature has been noted in several studies [123, 125], suggesting that adjustment of
reference values for respiratory rate with regards to not only age, but the body temperature of
the child [125]. Furthermore, tachypnoea may be equally associated with pneumonia and other,
non-bacterial lower respiratory tract infections [125].

Decreased oxygen saturation

Hypoxia, or decreased oxygen saturation (Sa0O.), has been associated with SBI [12, 15]
or pneumonia [14, 126] in ED studies in UK, the Netherlands, and Australia
(OR >1, LR (+) <5), but no association between decreased SaO, and SBI was found in one
primary care study in Belgium [99] and a study in ED in Singapore [121]. Decreased oxygen
saturation (SaO2 below 95 % [12], 94 % [14, 32] or 90/92 % [12, 126]) has been included in
some prediction models for SBI [12, 14], moderate / severe pneumonia [126], or invasive

bacterial infections [32].
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Prolonged capillary refill time

Assessment of capillary refill time (CRT) is included in routine assessment of paediatric
patients by several guidelines and screening tools [2, 118, 127, 128], though its diagnostic value
for serious infection is inconclusive. In a systematic literature review published in 2010 [22],
poor peripheral circulation [22, 28, 129] (defined as prolonged CRT [10, 15]) was identified as
a warning sign (LR (+) (95 % CI) >5) for SBI [10, 15, 28] or bacterial meningitis [129].
However, subsequent studies of children presenting to ED with fever or acute illness have failed
to replicate these results. A large cohort study of children under 5 years presenting to an ED in
Australia showed a modest association (odds ratio (OR) (95 % CI) > 1) between CRT 2 to
3 seconds and pneumonia, and no significant association with urinary tract infection or
bacteraemia [13]. No significant association between prolonged CRT and the presence of SBI
was found in three other prospective studies on febrile children presenting to ER in
the Netherlands [14, 130] and the UK [14, 131]. The cut-off for normal versus prolonged CRT
varies between studies — while some studies define prolonged CRT as that exceeding 2 seconds
[15, 130], use 3 seconds as the cut-off [10, 14, 131]. A systematic review published in 2014
defines the upper limit of CRT as 4 seconds when assessed on the chest or foot, and 2 seconds
when measured on a finger, suggesting that CRT above 3 seconds when measured on a finger
should be considered abnormal. No significant effect of body temperature on CRT was found.
Use of stopwatch is recommended for obtaining more accurate results and decreasing inter-
observer variability [132]. Another systematic review on the diagnostic value of prolonged CRT
in recognition of serious illness in children suggests that it should be considered as a “red flag”
due to high specificity for serious outcomes such as severe illness, meningitis, sepsis, and death,
though normal CRT should not be considered as reassuring as the sensitivity of prolonged CRT

for these outcomes is low [133].

Arterial hypotension

Arterial hypotension (blood pressure below the 5" percentile, or minus 2 standard
deviations) in a child with infection is considered a sign of septic shock [134, 135] and
prognostic of severe outcomes, such as acute kidney injury [136], and mortality [137].
However, in paediatric population, due to increased cardiovascular adaptive mechanisms such
as increase in heart rate, normal blood pressure is maintained for much longer. Therefore,
diagnosis of septic shock should be based on tachycardia, tachypnoea, and prolonged capillary
refill, and altered mental state, with hypotension being a delayed sign [23].
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Very high fever

More cautious approach to children, especially very young infants, with high fever
(39 °C or more) is advised in several guidelines [2, 138], and the level of body temperature is
included in several prediction rules for SBI [10, 12-15, 28, 30, 32, 96]. And yet very few studies
independently associate the level of increase in body temperature with significantly higher
likelihood for SBI. One study performed in primary care in Belgium including children O to
16 years (prevalence of SBI 0.78 %) showed high diagnostic accuracy for fever above 40 °C
(LR (+) > 5), with high specificity (96.5 %) but lower sensitivity (20.7 %). Having fever above
40 °C increased the likelihood of serious infection from 0.8 % to 5.0 % [10]. However,
a validation study performed in similar primary care settings showed much lower diagnostic
accuracy (LR (+) (95% CI)=2.2 (0.6-7.6)) [99]. Another study on young infants (1 to
26 weeks) showed significant predictive value (LR (+) > 5) for body temperatures above 38.9
°C or below 36.4 °C and serious illness, though the definition of serious illness included non-
bacterial illnesses such as bronchiolitis, intussusception, and gastroesophageal reflux [100].
Slightly increased likelihood (LR (+) = 2.8) of SBI in very young infants with body temperature
38.5 °C was identified in another study in Japan [139]. Some studies performed in paediatric
assessment units and EDs show mild association between high fever (above 38.5 °C [12] /
39.0°C [15] / 39.5 [92]) and SBI, though with lower diagnostic accuracy (LR (+) <5), while
others have found mild association between higher temperatures and pneumonia [13, 14] or
urinary tract infection [13], but not bacteraemia [13] or other SBIs [14]. A systematic review
and meta-analysis based on 11 studies found that body temperature above 40 °C increased the
risk for SBI in infants but not in older children [140]. A few other studies have found no
significant association between the degree of fever and increased likelihood of SBI [73, 91,
96, 97].

Activity

Evaluation of the child’s behaviour and activity level is one of the most significant
components in many assessment scores for febrile children [2, 14, 103, 141, 142]. An ill-
appearing child with altered or no response to social cues, drowsiness, or lethargy, and changed
crying pattern is categorized as high risk, while normal activity level and response to social
cues are seen as reassuring [2, 103]. Changes in the child’s behaviour are one of the key
observations made by parents of seriously ill children [41], whereas clinician’s assessment of
ill appearance in the child is one of the strongest predictors of SBI [10, 14, 22, 32, 38, 99].
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Il appearance

The definition of ill appearance varies between studies. Some define it simply as “child
appears (seriously) ill to the healthcare personnel” [10, 11, 13, 14, 73, 99, 143], while others
use a more complex definition based on a complication of several factors, such as the child’s
activity, reaction to social stimuli, quality of cry, changes in skin colour, and hydration [14, 96,
103]. Another study defines “clinical impression” of serious illness as “a subjective observation
that the illness is serious on the basis of the history, observation, and clinical examination” [38].
The highest reported diagnostic (rule-in) value for ill appearance in detecting SBI comes from
primary care studies (LR (+)>5) [10, 22, 99]. In hospital EDs, ill appearance has also
associated with SBI, though with more limited diagnostic accuracy (OR >1; LR (+) <5)
[11-14, 28, 32]. Two studies [96, 129] found no association between ill appearance / clinical
impression and SBI.

A suggested limitation to ill appearance may be inter-rater variability in classifying
children as “ill appearing” or “not ill appearing”, however studies suggest that the inter-rater
reliability for ill appearance is clinically adequate and not significantly affected by the level of

experience of the clinician [38, 144].

Changes in behaviour

Other changes during child’s behaviour associated with increased likelihood of serious
illness are drowsiness [10, 99, 100, 129], changed crying pattern [10, 22], moaning [10, 22, 99],
and reduced consciousness [10, 12, 99]. Inconsolability has been found to increase the
likelihood of SBI in one primary care study [10], while no significant association was found in
a validation study in similar settings [99]. The same study associated weak or high-pitched cry
with SBI [10], though the association is very weak or insignificant in populations with high
prevalence of SBI [11, 15, 28, 129]. The diagnostic ability of changed response to social cues,
an important “red flag” sign in NICE “Traffic light” assessment score [2] and Yale observation
scale (YOS) [103], for SBI has been found to be limited [10, 129] or poor [11, 12, 145].
According to studies in both high and low prevalence settings, the association between
restlessness or irritability and SBI is insignificant [10, 92, 99]. Poor feeding (decreased eating
or drinking) has been associated with increased likelihood of serious illness (also including
conditions without bacterial aetiology) in one study with young infants (0 to 26 weeks) [100],

while in other studies this observation has limited to no diagnostic value [10, 92, 99].
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Respiratory symptoms

Assessment of respiratory symptoms is another component of the NICE “Traffic light”
system of children under 5 years of age. According to this assessment tool, nasal flaring and
crackles in the chest are associated with intermediate risk for serious illness, whereas grunting

and chest recessions — with a high risk.

Use of accessory breathing muscles

Evidence on the association between chest recessions and significantly increased risk
for serious illness (LR (+) > 5 has been found in two studies in general practice settings with
low prevalence of SBI (3 % or less) [10, 99]. Association of equal strength was found in one
study conducted paediatric ED including infants aged 1 to 26 weeks [100], though it also
included non-bacterial illnesses in the outcome of serious illness, such as bronchiolitis. Other
studies conducted in intermediate or high prevalence settings have found significant but limited
diagnostic value for chest retractions with regards to SBI [17, 28] or pneumonia [14, 146, 147],
and some have found no significant association [11, 13, 33, 121]. While only attributed
intermediate risk for serious illness according to NICE “Traffic light” tool, nasal flaring has
been strongly associated with SBI in a study in primary care settings [99], and has been
significantly associated with pneumonia in several other studies [146-148], though with lesser

diagnostic accuracy.

Grunting

Grunting has been found to be significantly predictive of SBI in one study in paediatric
ED [11, 12]. Elsewhere it has showed limited but significant diagnostic value (LR (+) <5,
OR >1)in infants aged 1 to 26 weeks recruited in paediatric ED in Australia [100], while in
another study, grunting was associated with SBI in children older than 3 months, or children at
all ages who had a chronic disease, however no association between grunting and SBI was

found in previously healthy infants below the age of 3 months [105].

Abnormal breathing sounds

Abnormal auscultative sounds have variable diagnostic value for SBI. The strongest
diagnostic accuracy (LR (+) > 5) for crackles (crepitations) found in a primary care study [10],
while other studies both in primary care [99] and hospitals report significant but weaker
association, mostly with pneumonia [13, 146, 147]. Limited [99] or no significant predictive
value for SBI has been detected for rhonchi or wheezing [13, 33, 146, 147, 149], or stridor [13].

Decreased breathing sounds have been associated with SBI in primary care studies [10, 99] and
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with pneumonia in studies in ED [13, 33, 146, 148], while other studies report no significant

diagnostic value [147].

Skin

A section of febrile child assessment in both NICE “Traffic light” system and Yale
observation scale is dedicated to evaluation of any changes in the colour of the skin, lips, and
tongue [2, 103]. Both associate pale, ashen, mottled, or cyanotic colour with high risk for
serious illness. Non-blanching, or haemorrhagic, rash such as petechiae or purpura is also
associated with high risk in the NICE guidelines, especially with regards to meningococcal
infection or sepsis [2].

Changes in skin colour

Of all changes in skin colour, Cyanosis has the most evidential support for significantly
increased likelihood for SBI (LR (+) >5), coming from studies in both primary care [10, 99]
and EDs [129]. Pallor has variable reported diagnostic accuracy for SBI — from high in infants
up to 26 weeks [100] and children with suspected meningococcal disease [150] to significant
but limited in children up to 16 years presenting to primary care [99]. Mottled colour has been
significantly associated with SBI in study including infants up to 3 months of age presenting to
ED [121]. When all mentioned abnormal skin colour changes (pale / ashen / mottled / blue)
have been studied together, the predictive value for SBI varies from high (in low prevalence
settings) [10] to significant, but limited (LR (+) <5, OR > 1) [11, 12, 15, 28, 96, 129].

Non-blanching rash

Non-blanching rash along with fever has been considered as one of the most significant
“red flag signs” for serious illness requiring immediate screening for sepsis and meningococcal
disease, and administration of antibacterial therapy without delay [2, 151]. Indeed, significantly
increased likelihood for SBI in febrile children with petechial rash has been confirmed by many
studies with varying prevalence of SBI [10, 11, 32, 92, 93, 99, 129, 152, 153]. However, studies
suggest that only a small proportion (around 2 to 23 %) of children with haemorrhagic rash are
eventually diagnosed with meningococcal disease or sepsis [150, 152-156]. These studies
observed that febrile children with petechiae were more likely to have meningococcal disease
or sepsis if they were ill-appearing, irritable or lethargic, and had disseminated haemorrhagic
rash, nuchal rigidity, prolonged capillary refill time, or hypotension [152-155], while the
probability of sepsis in well-appearing infants and children with petechiae was small [154, 157].

Many children with haemorrhagic rash and fever are diagnosed with self-limiting viral
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infections that do not require hospital admission or antibiotics [150, 152, 155]. Therefore,
revised guidance suggests a tailored approach to febrile children with petechiae with regards to
referral to EDs and initiation of antimicrobial therapy [150, 152, 156, 158].

Hydration

Assessment of child’s hydration status during febrile illness is one of the main aspects
that may affect the decision to refer a child from primary care to ED [159], and some signs of
dehydration have been associated with intermediate or high risk of serious illness in paediatric
assessment [2, 102]. Yet whether signs of dehydration are truly suggestive of SBI is
inconclusive.

The analysis of the association between signs of dehydration and SBI is complicated by
the fact that fever itself increases the metabolic rate of the affected individual [160-162], thus
affecting both caloric and fluid requirement, and the changes in body temperature facilitate fluid
loss due to increased respiration and sweating [163]. Though these effects may contribute to
need for intervention due to dehydration, they are physiological manifestations of fever

regardless of the cause [162].

Sings of dehydration

Decreased skin turgor is considered a high-risk feature according to the NICE “Traffic
light” system [2]. While there are studies in both ED settings [11, 12, 129] and primary care
[99] that confirm the strong prognostic value, data from other studies show limited [28]
diagnostic value or even no significant association between reduced skin turgor and serious
illness [10, 11, 15]. Some association has been found between dry mucous membranes or other
signs of dehydration and serious illness, though the diagnostic value has been limited
(LR (+) <5) [10, 12].

Decreased urine output

On the relationship between decreased urine output and serious illness, the data are
contradictory. One study on young infants up to 26 weeks presenting to ED found that decreased
urine output (less than four nappies per day) was significantly associated with serious illness
(LR (+) >5) [100], however it has to be noted that the study included non-bacterial illnesses
in their definition of serious illness, such as gastroenteritis (also non-bacterial), bronchiolitis,
pyloric stenosis, and others. Significant but limited association between reduced urine output

reported by parents, and SBI (OR > 1, LR (+) < 5) was found in one primary study on febrile
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children up to 16 years [99]. In contrast, another study on febrile children aged one to 36 months

found that history of poor voiding was associated with decreased likelihood of SBI [17].

Other signs and symptoms

Duration of fever

Most studies have found that the mean duration of fever prior to presentation was
significantly longer in febrile children who are diagnosed with SBI compared to children
without SBI[14, 17, 73, 97, 98] and that children with prolonged fever (for more than 48 hours)
were diagnosed with SBI more frequently than others [10, 96, 99]. Duration of fever as
a predictor variable has been included in several prediction models for SBI [14, 28, 32, 96].
However it may not been selected as an independent “red flag” sign for SBI because of the

limited rule-in value (LR (+) < 5) [10, 22, 28, 74, 96, 99].

Shivering

Shivering or rigors is an intermediate risk (“amber”) sign in the NICE Traffic light
system [2]. However, a recent systematic review on the diagnostic value of shivering [164] with
regards to SBI has found that, while significantly associated with serious infection in children
with known malignancies (LR (+) (95 % CI) = 3.47 (2.58-4.36), shivering has poor diagnostic

value in children with no malignancies [165-168].

Positive meningeal signs

The presence of meningeal signs, such as nuchal rigidity, Brudzinski’s sign, Kernig’s
sign, significantly increases the likelihood that the child will be diagnosed with serious illness
in a systematic review published in 2010 and in later studies [10, 22, 99, 129, 152, 169, 170],
though some of these studies included aseptic meningitis in their outcome definition along with
bacterial meningitis [10, 99]. Even so, there is evidence that signs of meningeal irritation are
markedly more common in febrile children with bacterial meningitis compared to those with
aseptic meningitis [171, 172], with Kernig’s sign having the highest specificity and positive
likelihood ratio for prediction of bacterial meningitis [170]. Bacterial meningitis is diagnosed
in close to 40 % of cases with positive meningeal signs [171].

However, the absence of meningeal signs does not rule out bacterial meningitis,
especially in infants and neonates [173]. In infants, bacterial meningitis more commonly
manifests with non-specific symptoms like irritability or lethargy, poor feeding, vomiting, and
other symptoms such as seizures, bulging fontanel, etc [171, 172, 174]. In very young infants
and neonates, bacterial meningitis should be considered in case of fever, ill appearance, and
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absence of criteria for low risk of SBI [107, 173]. In addition, use of antibiotics prior to

presentation is known to alter the clinical manifestations of bacterial meningitis [175, 176].

Seizures

Status epilepticus and focal seizures have been listed among the high-risk (“red”)
features in the NICE traffic light system [2]. Indeed, seizures and status epilepticus are
reportedly associated with bacterial meningitis [10, 22, 100, 129, 169, 177, 178]. However,
differentiation between complex and simple febrile seizures is important, as the incidence of
bacterial meningitis in the latter is low, even in infants [179-182]. Therefore, the necessity of
performing a lumbar puncture in children living in developed countries with simple febrile
seizure should be carefully considered or decided against [181-183], except in case of other
important circumstances, such as previous antibiotic use, which could alter the natural

manifestations of the disease [176].

Pain and swelling of a limb

Swelling of limb or joint as well as non-weight bearing or not using an extremity are
considered as intermediate risk factors (“amber”) for SBI [2]. While studies analysing these
symptoms as predictor variables for SBI are scarce [13, 99], they are known as possible
symptoms of acute osteomyelitis, septic arthritis [184, 185] and other serious conditions like
erysipelas, cellulitis, deep vein thrombosis, or malignancy [186-188]. In any case when these

symptoms are present, an extensive workup is necessary for clarification of their cause.

Other factors

Age

Febrile children younger than 3 months are generally considered at higher risk of serious
infection [189], and much more cautious approach is applied to very young infants when
compared to older children. As fever may be the only sign of SBI at this age, clinical evaluation
may fail to identify children with higher likelihood of infection [95, 190, 191], therefore these
infants are mostly hospitalized and undergo an in-depth investigation, including blood culture,
biomarkers, and lumbar punctures. In addition, broad spectrum antibiotics are often initiated
[107]. To avoid overuse of antibiotics and invasive investigation (lumbar puncture), several
assessment scores for very young infants have been proposed, such as Philadelphia criteria
[142], Rochester criteria [141], Boston criteria [192], and PECARN (Pediatric Emergency Care
Applied Research Network) rule [107]. These prediction rules include both clinical assessment

(ill appearance vs well appearance), and some basic investigation results.
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Indeed, many studies performed in population of febrile infants show higher prevalence
(up to 30 %) of SBI [95, 96, 100, 121] compared to studies in similar clinical settings involving
children of wider age range [12-15], though studies showing lower (10 % or less) prevalence
of SBI in very young infants presenting to ED [30, 73] also exist. However, whether very young
age is predictive of SBI in febrile children is not very clear. While fever in infants under one
month has been found significantly associated with SBI [96], some studies indicate that the
incidence of SBI in febrile children aged 2 to 3 months is similar to that in other children up to
6 months [73] 3 years of age [97]. A study on children with hyperpyrexia presenting to an ED
in the United States found that the incidence of SBI was significantly lower in children older
than 36 months compared to younger children and infants [74], whereas other studies on febrile
children presenting to an ED found no diagnostic value of age as predictor variable in either of
these age groups [12, 13]. A systematic review on the diagnostic value of clinical signs
concluded that age is of limited value in confirming or ruling-out SBI in febrile children [22].
Nevertheless, it is included as a predictor variable in a few prediction models or decision trees
for SBI [10, 14, 32].

Sex

Most studies show that the prevalence of SBI is similar in males and females [10,
12-14, 73, 96, 106]. Two studies on very young febrile infants presenting to an ED showed
significantly higher prevalence of SBI in males, largely due to urinary tract infections [121,
193]. Another study found out that all of the included infants (age < 60 days) who were
misclassified as low risk by PECARN rule were males [109]. Other studies on SBI in young
infants either showed similar risk for SBI in both sexes [73, 104, 106], or did not analyse
differences in sex [30, 31, 95, 100, 107, 194]. Some studies report lower rates for urinary tract
infection in circumcised males [73, 193, 195]. After young infancy, the incidence of urinary
tract infection is known to be higher in females [13, 195, 196].

Underlying medical condition

Analysing the impact of chronic underlying medical condition on the risk for SBI in
children is complicated since these children are excluded from most studies [22]. This also
means that most of the diagnostic tools designed for recognition of SBI in febrile children are
not applicable to children with chronic comorbidities [32]. While some conditions like
congenital or acquired immunodeficiencies and illnesses requiring use of immunosuppressive
medication are known to increase the risk for SBI, the impact of other conditions such as
neurological deficit is less understood. Of the few studies that have included children with
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chronic conditions, chronic disease is found to increase the likelihood of SBI [12, 13, 32, 74].
However more studies are necessary for full understanding on how chronic conditions affect
the clinical presentation of febrile illness and the likelihood of SBI.

1.3.2 Assessment scores for febrile children

Although recognition of “red flag” signs in febrile children is essential in detection of
potential SBI, these clinical features usually have low sensitivities when analysed
independently. Several assessment scores including combination of alarming clinical features
have been introduced, often leading to higher sensitivity and accuracy in recognizing serious
illness. Arguably the best known and widely used clinical scores for identification of children
with higher risk for serious infection, sepsis, or other severe outcomes are Manchester Triage
System (MTS) [197], NICE “Traffic light” tool [2], NICE Sepsis stratification tool [74], Yale
Observation Scale (YOS) [103], Paediatric Observation Priority Score (POPs) [117], Systemic
Inflammatory Response Syndrome (SIRS) criteria [198], and Paediatric Sequential Organ
Failure Assessment Score (pSOFA) [199].

In addition to high-risk scores, several tools have been designed to predict non-serious
illness and safe discharge, especially for very young infants, with the goal to limit the use of
invasive investigation and unnecessary hospitalization. While some of the high-risk scores can
be used for this purpose by ruling out alarming symptoms, other tools, such as the Rochester
criteria [141], Philadelphia criteria [142], Boston criteria [192], and the PECARN tool [107]
have been created to recognize low risk for SBI. Along with clinical features, these assessment
tools include some laboratory values.

As pre-laboratory stage of assessment of febrile children by clinicians at the emergency
department is the primary emphasis of this thesis, the diagnostic performance of the clinical
assessment scores for prediction of serious illness in these settings, namely Yale Observation
Scale and NICE “Traffic light” tool will be discussed further in detail.

Yale observation scale
In 1982, McCarthy et al introduced an assessment scale for febrile children, originally

younger than 24 months, to detect serious illness [103]. The scale consists of six items: quality
of cry, reaction to parent stimulation, state variation, changes in skin colour, hydration, and
response to social stimuli (see Table 1.2.). A total score above 10 was determined to indicate
ill appearance. In the original study, less than 3 % of patients with YOS equal or below 10 had

serious illness, compared to 92.7 % with score 16 points or above [103].
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Yale Observation Scale

Table 1.2

Observation item

Normal (Score = 1)

Moderate Impairment

Severe Impairment

crying

(Score =3) (Score = 5)
Strong with normal tone . . .
1. Quality of cry OR Content and not \S/\glllt;?r?grmg OR \Iflvi‘;?]kp%?hmoanmg OR

2. Reaction to parent
stimulation

Cries briefly then stops
OR Content and not

crying

Cries off and on

Continual cry OR
Hardly responds

3. State variation

If awake — Stays
awake OR If asleep and

Eyes close briefly
awake OR

Falls to sleep OR Does

membranes moist

stimulated — wakes up |awakes up with not wake up
quickly prolonged stimulation
4. Colour Pink Pale extremi_ties OR Pale OR Cyanotic OR
' Acrocyanosis Mottled OR Ashen
Skin normal, eyes _ Skin doughy / tented
5. Hydration normal AND Mucous Skin, eyes - normal AND Dry mucous

AND Mouth slightly dry

membranes AND/OR
Sunken eyes

6. Response (talk,
smile) to social
overtures

Smiles OR Alerts
(<2mo)

Brief smile OR Alerts
briefly (<2 mo)

No smile, Face anxious /
dull / expressionless OR
No alerting (< 2 mo)

The diagnostic value of the scale has been assessed in numerous validation studies

including very young infants or children up to 3 years of age. And yet, most of the validation

studies have vyielded disappointing results. While the sensitivities and specificities of ill

appearance according to YOS (score above 10 points) are highly variable, only one study with

219 participants reports high ability to recognize bacteraemia in febrile children [200]. In other

studies, YOS has provided limited value in recognizing SBI (LR (+) <5). Some studies show
little difference in YOS results between children with or without SBI [191, 201-203], and

missing a significant proportion of patients with SBI as they are evaluated as “well-appearing”

[73, 95, 191]. The sensitivities, specificities, positive and negative likelihood ratios of

YOS > 10 in validation studies are listed in Table 1.3.
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Table 1.3

Diagnostic performance of Yale Observation Scale above 10 points in validation studies
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Table 1.3 continued
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NICE “Traffic light” system

The “Traffic light” system is a part of UK’s National guidance “Feverish illness in
children: assessment and initial management in children younger than 5 years” issued first in
2007 and revised in 2013 by National Collaborating Centre for Women’s and Children’s Health,
and commissioned by National Institute for Health and Care Excellence (NICE) [2]. The tool
is partially based on the features of Yale Observation Scale, with addition of other alarming
features, and were discussed, and approved by, wide range of clinical specialists including
nurses, general practitioners, paediatric registrars, and consultants in paediatrics, infectious
diseases, and emergency medicine [209]. The updated 2013 version of “Traffic light” tool
[2, 210] is illustrated in Table 1.4.

Table 1.4
NICE “Traffic light” system

Green — low risk Amber — intermediate risk Red - high risk

quickly
Strong normal cry / not
crying

o Wakes only with

prolonged stimulation
Decreased activity

g)(;lgll:irn lips e Normal colour e Pallor reported Pale / mottled / ashen /
or tongue) by parent / carer blue
No response to social
e Responds normally to - cues
social cues Not responding normally . A ill to th
e Content / smiles to social cuies heF;FI)fI?craS\rle roofegsional
. No smile P .
Activity o Stays awake or awakens Does not wake or if

roused does not stay
awake

e Weak, high-pitched,

continuous cry

Respiratory

Nasal flaring
Tachypnoea: respiratory
rate

>50 breaths / minute age
6-12 months

>40 breaths / minute,
age >12 months

Oxygen saturation

<95 %

Crackles in the chest

e Grunting
e Tachypnoea: respiratory

rate > 60 breaths / minute

e Moderate or severe chest

indrawing

Circulation
and hydration

Normal skin and eyes
Moist mucous membranes

Tachycardia:

> 160 beats / minute,
age < 12 months

>150 beats / minute, age
12-24 months

> 140 beats / minute, age
2-5 years

Capillary refill time

> 3 seconds

Dry mucous membranes
Poor feeding in infants
Reduced urine output

e Reduced skin turgor
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Table 1.4 continued

Green — low risk Amber — intermediate risk Red — high risk

e Age 3-6 months,
temperature > 39 °C

e Fever for 5 days or longer

Age < 3 months,
temperature > 38 °C
Non-blanching rash

Rigors .
o None of the amber or red | . . Bulging fontanelle
Other symptoms or signs g jsovivrft“'ng of a limb or Neck stiffness

Status epilepticus
Focal neurological signs
Focal seizures

e Non-weight bearing
limb / not using an
extremity

The diagnostic accuracy of the NICE “Traffic light” system or its selected alarming
features has been assessed in two prospective [15, 211] and four retrospective studies [11, 27,
205, 212]. Four of these studies [15, 27, 205, 211] were conducted prior to the revision in 2013.
The 2013 update in the “Traffic light” system included adding the features “tachycardia” and
“rigors” to “amber” risk factor column, removal of features “a new lump larger than
2 centimetres” and “bile-stained vomiting”, and moving “temperature > 39 °C in a child aged
3 to 6 months” from the “red” to “amber” category [213].

An analysis of the diagnostic performance of the “red” features in the updated tool in
a combination of datasets from various clinical settings [11] showed that some of the “red”
features failed to show a high rule-in value (LR(+) > 5), and the diagnostic performance of other
features varied among settings of different prevalence of serious infection. The diagnostic
performance of the “red flag” signs in most of the datasets was limited (LR (+) < 5) even when
three or more of them were present.

In assessment of the predictive value of presence of any of the “red” or “amber” features
of the NICE “Traffic light” system, all validation studies yielded relatively high sensitivities
(ranging from 85 to 100 %), but low specificities (0.12 to 29 %) and relatively low positive
likelihood ratios, which were lower than 5. Studies report that some cases of SBI, mainly
urinary tract infections, are missed by the sole use of the “Traffic light” tool [15, 27], but the
diagnostic performance is improved by addition of urine analysis [27, 214], which is
recommended by the NICE guidance for febrile children who fall into the “low-risk” category
[2]. One study reported presence of at least one of the “red” or “amber” features in three-
quarters of patients with mild infection [15].The sensitivities, specificities, positive and
negative likelihood ratios are reflected in Table 1.5.
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Table 1.5

Diagnostic performance of presence of any of the “red” and “amber” features

of NICE “Traffic light” system
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1.3.3 Clinical prediction models for SBI in febrile children

Relying on presence or absence of individual clinical signs in assessment of children
during febrile illness may be complicated due to low sensitivities and possible lack of
manifestation of these signs early in illness, while assessment scores that categorize clinical
parameters in different risk categories are partially consensus-based and often fail to show high
accuracy in clinical studies. Clinical prediction rules derived from prospectively acquired data
use statistical methods to select a combination of variables that can effectively estimate the
probability for the patient to have serious infection.

Many clinical prediction models (CPMs) for serious infection in children with fever or
acute illness have been derived in the last two decades. Some are based on clinical features
alone [10, 13, 15, 216], while some require inflammatory markers, such as leukocyte count,
urine analysis, or CRP [14, 28, 30, 32, 96]. Some models are derived to predict the probability
of serious infection in young infants [30, 96, 217], while others are applicable to children of
variable age range [10, 12, 14, 15, 32]. The clinical prediction models for SBI are described in
detail in Table 1.6.

Table 1.6
Description of clinical prediction models
Sample /
Authors, Coun_try, Inclusion criteria/Age range| prevalence CPM variables
year Setting
of SBI
High / Low risk prediction
Positive urine analysis;
WBC > 20.000
Bachur and Rectal
Harper, ED, USA’. temperature <90 days [5279/7.1 % or Tem? erature
2001[30] retrospective > 38.0°C > 39.6 °C,
WBC < 4.100,
Age < 13 days
Clinician’s instinct
GP, ED something is wrong),
'Van den (self-referred), |Acute illness 'El?grsnpnec;:?fjre
Bruel etal, |Belgium, for maximum 0-16 years[3901/0.78 % P o
2007 [10] prospective 5 days & .39'95 C
consecutive, Diarrhoea
Age > 2.42 years
Age <1.18 years
700/15.4 % Temperature > 39.0 °C
Thompson et UK, PAU, Suspicion 3 months serious infection, Tachypnoga
al, 2009 [15] |prospective .Of acute to 16 years..zg'3 % . Tachycardia
’ infection intermediate CRT > 2 seconds
infection O, saturation < 94 %
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Table 1.6 continued

Sample/
Authors, Coun_try, Inclusion criterialAge range| prevalence CPM variables
year Setting
of SBI
Continuous risk prediction
Duration of fever
Netherlands, Rectal Standardised clinical
Berger etal, [ED, _ temperature 2 weeks to 138/23.9 % impression score
1996 [96] prospective, | 38.0 °C one year Diarrhoea
consecutive [~ Focal signs
of infection CRP
Il appearance
Poor peripheral
circulation
Chest wall retractions +
Netherlands, [Temperature tgﬁ?;’ggﬁ%i fever
Bleeker et al, [ED, > 38.0°C 1to
. X 381/25.1 % (days)
2007 [28] prospective,  [Fever without 36 months Histor
consecutive  |source of vomXi/ting
(Clinical + laboratory
model also includes
CRP, leukocyte count,
positive urine analysis)
Fever (axillary / 15781/7.2 %
. y (UT1 3.4 %,
. Australia, ED, [reported :
Craig et al, rospective,  [temperature 0t Pneumonia 26 variables
2010 [13]  [PrOSPECHVE, peral 5years (3.4 %,
consecutive >38.0 °C), .
child felt hot” bacteraemia
0.4 %)
History
of developmental delay
Risk factor for
UK. ED infection
Brent et al, o Suspected acute {1 month to State variation
prospective, | . 1951/3.8 %
2011[12] . infection 16 years Temperature category
consecutive . L
Capillary refill time
Dehydration category
Tachypnoea
Hypoxia category
Age Female sex
Duration of fever
Netherlands (Td;ms})/r;lr'ﬁgserature
Nijman et al, Sllil)'dgtlg) n Temperature 1 month to b717/12.6 % Tachycardia
2013 [14] S > 38.0 °C 15 years © 70 Oxygen saturation

prospective,
consecutive

< 94 % Capillary refill
time > 3 sec.
Chest wall retractions

Il appearance CRP
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Table 1.6 continued

Authors,
year

Country,
Setting

Inclusion criteria

Age range

Sample/
prevalence
of SBI

CPM variables

Continuous

risk predict

ion

Hagedoorn
et al, 2020
[32]

12 EDs

in 9 European
countries,
prospective

temperature

> 38.0 °C or fever
< 72 hours before
ED visit

0 to
18 years

16268/0.8 %
(invasive bacterial
infections)

Sex

Age
Temperature
Duration of fever
Tachypnoea
Tachycardia
Hypoxia
Increased work
of breathing

Il appearance
Non-blanching
rash

Abnormal
neurology

CRP

'Yaeger et al,
2021 [217]

ED, USA
Cross-
sectional,
retrospective

Temperature
<38.0 °C
(documented or
reported)

< 90 days

877/7.6 %

Sex

Insurance
Chronic medical
condition

Age

Gestational age
Il appearance
Maximum
temperature
Duration of illness
Cough status
Urinary tract
inflammation

The performance of CPMs in derivation and validation populations are variable. The

only CPM that includes “gut feeling” of something wrong, which is also the only model derived

from a primary care cohort [10], has showed markedly lower diagnostic performance in patient
cohorts from studies in emergency departments [14, 28, 34, 129, 145, 216, 218, 219]. Models

including laboratory values in addition to clinical features [14, 28, 30, 32, 96] outperform

models based only on clinical variables in validation studies. The performance of CPMs

predicting serious infection in derivation and validation studies are shown in Tables 1.7

and 1.8.
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Table 1.7

Diagnostic performance of clinical prediction models with high / low risk prediction

CPM SBI Sensitivity, % | Specificity, % AUC LR (+) LR ()
prevalence, %| (95 % CI) (95 % CI) (95% ClI) | (95 % CI)
Bachur and Harper, 2001 [30]

. 82.2 76.4 3.48 0.23
Derivation cohort 71 (78.0-86.0) | (75.2-77.6) | %"° |(3.25-3.73)|(0.19-0.29)
V1L: Spain, 94 80 4.65 0.08
2148 infants 16.4 0.87 ' '
< 3 months [34, 220] (90-96) (78-82) (4.22-5.12) [(0.05-0.12)
V2: France, ED,

2204 infants 179 59 86 0.73 4.35 0.47
< 3 months ' (54-64) (85-88) © 7 1(3.77-5.02) | (0.42-0.53)
[34, 219]
V3: Netherlands
159 infants 151 71 83 0.77 4.23 0.35
< 3 months ' (51-85) (76-89) " 1(2.68-6.67)(0.19-0.66)
[14, 34]
V4: Netherlands
766 infants 0.8 82 78 0.80 3.68 3.68
3-12 months : (72-089) (75-80) 7 1(3.14-4.31) | (3.14-4.31)
[14, 34]

Van den Bruel et al, 2007 [10]

. 96.8 88.5 8.4 0.04
Derivation cohort: 0.78 (83.3-99.9) | (87.5-895) | — | (7.6-9.4) | (0.01-0.2)
V1:

Oostenbrink et al,

2001 ED, 593 44.4 64.4 27.1 B 0.88 1.31
children 1 month to ' (58.2-70.2) (22.4-32.2) (0.79-0.99) [ (1.03-1.67)
15 years

[129, 145]

V2: Roukema et al,

2006, ED, 1750 13.0 88.4 41.4 B 1.51 0.28
children < 16 years ' (82.7-92.8) (39.0-43.9) (1.41-1.62) [ (0.18-4.23)
[145, 218]

V3: Bleeker et al,

2007, 235 88.6 32.3 B 1.31 0.35
ED, 595 children ' (82.1-93.3) (28-36.8) (1.20-1.43) [ (0.22-0.57)
1-36 months [28]

V4: Monteny et al,

2008. Primary care

°06 children o 4.0 68 %O'gs 8) | (39 ;3'28 2) | T la 315'65 88)|(0 0%23 86
3 months — 6 years (68.3-98.8) | (39.2-48.2) (1.35-1.88)(0.06-0.86)
[205, 206]

V5: Thompson et al,

2009, PAU, 700 44.7 20.3 85.4 B 1.39 0.93
children 3 months to ' (16.0-25.2) (81.5-88.7) (1.00-1.93) ((0.87-1.00)

16 years [15, 145]
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Table 1.7 continued

CPM SBI Sensitivity, % | Specificity, % AUC LR (+) LR ()
prevalence, %| (95 % CI) (95 % CI) (95% ClI) | (95 % CI)
V6: Brent et al, 2011
ED, 2762 children 13.4 99.7 2.09 B 1.02 0.13
1 month — 15 years ' (98.5-100) (1.56-2.75) (1.01-1.03) [(0.02-0.92)
[12, 145]
All—33 74.2 65.8 B 2.2 0.4
' (68.7-79.2) (64.6-66.6) (2.0-2.3) | (0.3-0.5)
GP setting — 100 71.7 4.3 0.1
\V7: Verbakel etal, (0.3 (71.5-100) (76.2-79.1) | (3.8-4.9) | (0.0-0.8)
2015 [99] Paediatric out- 82.7 60.5 2.1 0.3
patients — 2.6 (72.2-90.4) (58.7-62.3) | (1.9-2.3) | (0.2-0.5)
ED setting — 69.5 56.0 1.6 0.5
7.5 (62.6-75.9) (54.0-58.0) - | (1.4-1.8) | (0.4-0.7)
V8: lerland et al,
2015, Primary care, Outcome — 54 17 0.7
ng‘ee;::rgsf;;’g g [efemaltoED | (50-57) 68(67-69) | — | 16.18) | (06-0.7)
[221]
V9: Spain, 2148 11 94 177 095
infants < 3 months 16.4 0.53 ' '
[34, 220] (8-14) (93-95) (1.25-2.52) [(0.92-0.99)
'V10: France, ED,
2204 infants 172 48 63 0.56 1.31 0.82
< 3 months ' (43-53) (61-65) 7 1(1.16-1.47) | (0.74-0.91)
[34, 219]
'V11: Netherlands ED,
159 infants 151 46 64 0.55 0.84 0.84
< 3 months ' (28-65) (56-72) "7 1(0.57-1.24) | (0.57-1.24)
[14, 34]
V12: Netherlands
ED, 766 infants 0.8 53 56 0.55 1.21 0.83
3-12 months ’ (42-64) (52-59) 7 1(0.97-1.52) | (0.65-1.07)
[14, 34]
Thompson et al, 2009 [15]
a4.7
15.4 (serious
Derivation cohort infecti_on), 80 39 B 1.3 0.5
29.3 (inter- (75-85) (34-44) (1.2-1.5) | (0.4-0.7)
mediate
infection)
V1: lerland et al,
cOL: IR G0 outcome - 50 86 | 36 06
3 months to 16 years referral to ED (47-54) (85-87) (3.3-3.9) | (0.5-0.6)
(n =9590) [221]
V2: France, ED, 2204
. 1 61 44 1.09 0.88
'[g‘:f“zti;]?’ months 17.2 (56-66) @2-26) | %3] (1.00-1.20)| 0.77-1.01)
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CPM SBI Sensitivity, % | Specificity, % AUC LR (+) LR ()
prevalence, %| (95 % CI) (95 % CI) (95% CI) | (95 % CI)
Thompson et al, 2009 [15]
'V3: Netherlands ED,
159 infants 15.1 58 48 0.53 1.12 0.87
< 3 months ' (0.39-0.76) (0.40-0.57) 7 1(0.77-1.64) | (0.52-1.43)
[14, 34]
V4: Netherlands
ED, 766 infants 3 to 9.8 63 47 0.55 1.19 0.79
12 months ' (51-73) (44-51) "7 1(0.99-1.44) | (0.58-1.07)
[14, 34]
Table 1.8

Diagnostic performance of clinical prediction models with continuous risk prediction

Population

Prevalence
of SBI / outcome

Calibration slope

(SE)

AUC (95 % CI)

Berger et al, 1996 [96]

Netherlands, 2 weeks to
one year (n = 2383)

ED) 13 %

Derivation population 23.8 % NA NA
V1 [221]: lerland et al,
2015, Primary care, (outcome — referral to 017 0.52 (0.49-0.56)

Bleeker et al, 2007 [28]

Clinical prediction model
0.69 (0.63-0.75)

36 months (n = 5809)
[221]

9.0 %

Derivation population 25.1% NA Clinical + laboratory 0.86
(0.82-0.90)

V1: Roukema et al, 2008, Clinical prediction model:

ED, Netherlands, 1 to 12.1% - 0.56 (0.48-0.65) )

36 months (n = 390)[222] ' ' '

V2: lerland et al, 2015,

m{ﬂzgaﬁzrs?’l to (outcome-—referral to ED) 0.82 Clinical prediction model:

0.65 (0.62-0.67)

12 months [14, 34]

148 mfants < 3 months 16.4 % 2.95 (2.81-3.0) S}gg;‘j"_"'o*gf?gg‘ig’ga
[34, 220] T ' '
;/24(;4Firr?1?;r$t,sE<D?; months 17.2 % 115(0.07)  (CVinical + laboratory
[34, 219] model: 0.80 (0.77-0.82)
V5 _Netherlands, ED, Clinical + laboratory
159 infants < 3 months 15.1 % 0.97 (0.48-1.46) model: 0.78 (0.69-0.87)
[14, 34] e ) )
Ve: _Netherlands, ED, Clinical + laboratory
766 infants 3 to 9.8% 1.09 (0.84-1.34)

model: 0.82 (0.77 to 0.87)

Craig et al, 2010 [13]

Derivation population

UTI 3.4 % NA 0.80 (0.78-0.82)
Pneumonia 3.4 % NA 0.84 (0.83-0.86)
Bacteraemia 0.4 % NA 0.88 (0.84-0.92)

42



Table 1.8 continued

Population

Prevalence
of SBI / outcome

Calibration slope
(SE)

AUC (95 % CI)

Craig et al, 2010 [13]

V1: Validation sample,
ED, Australia,

5584 children aged 0 to
5 years [13]

UTI14.0%

0.78 (0.74-0.81)

Pneumonia 3.5 %

0.84 (0.82-0.87)

Bacteraemia 0.6 %

0.74 (0.66-0.82)

V2: France, ED, 2204
infants < 3 months
[34, 219]

UTI 14.5 % —0.00 (0.00) 0.47 (0.44-0.51)
Pneumonia 2.0 % 0.74 (0.12) 0.74 (0.67-0.82)
Bacteraemia 0.7 % 0.30 (0.20) 0.60 (0.46-0.75)

Brent et al, 2011 [12]

Derivation population

3.8%

NA

0.77 (0.71-0.83)

V1: lerland et al, 2015,
Primary care,
Netherlands, 1 month to
16 years (n = 9762)

(outcome — referral to

ED) 8.0 %

2.05

0.71 (0.69-0.73)

V2: France, ED,
2204 infants < 3 months
[34, 219]

17.2%

0.35 (0.11)

0.56 (0.53-0.59)

'V3: Netherlands, ED,
159 infants < 3 months
[14, 34]

15.1%

0.45 (0.13-1.02)

0.59 (0.46-0.72)

V4: Netherlands, ED,
766 infants 3 to 12
months [14, 34]

9.8%

0.08 (0.18-0.34)

0.53 (0.46-0.60)

Feverkidstool — Nijman et al, 2013 [14]

Derivation population Pneumonia 6.3 % NA 0.81 (0.73-0.88)
Other SBI 6.3 % NA 0.86 (0.79-0.92)

V1: PAU, UK, Pneumonia 12.1 % NA 0.81 (0.69-0.93)

‘ig";ggfs“{fi]l MO0 other SB113.3 % - 0.69 (0.53-0.86)

V2: de Vos-Kerkhof et al, Pneumonia 13.2 % — 0.83 (0.75-0.90)

2015, randomised

controlled trial, ED,

Netherlands, 439 children |Other SBI 8.8 % - 0.81 (0.72-0.90)

aged 1 month to 16 years

[35]

V3: Irwin et al, 2017, ED, |Pneumonia 9.8 % — 0.85 (0.81-0.90)

UK, prospective,

1101 children aged 0 to  [Other SBI 14.2 % - 0.76 (0.71-0.80)

16 years [223]

V4: Nijman et al, 2018, |Pneumonia 6.7 % — 0.84 (0.74-0.94)

Netherlands, ED,

e v CO U™ other SBI 9.0 % - 0.82 (0.73-0.91)

16 years [224]

V5: France, ED, Pneumonia 2.0 % 0.92 (0.18) 0.72 (0.65-0.79)

2204 infants <3 months - op) 159 04 0.86 (0.08) 0.77 (0.74-0.80)

[34, 219]

'V6: Netherlands, ED,
159 infants < 3 months
[14, 34]

Pneumonia 2.5 %

1.50 (0.35-2.65)

0.86 (0.67—1.00)

Other SBI 12.5 %

0.56 (0.19-0.93)

0.68 (0.55-0.80)
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Table 1.8 continued

, Prevalence Calibration slope o
Population of SBI / outcome (SE) AUC (95 % CI)
Feverkidstool — Nijman et al, 2013 [14]
V7: Netherlands, ED, Pneumonia 2.1 % 1.38 (0.89-1.87) 0.89 (0.83-0.95)
Igmﬁﬂf[ﬂ"?’ " Other SBI 7.7 % 0.84 (0.61-1.07) 0.82 (0.76-0.87)
Hagedoorn et al, 2020 [32]
Derivation population
(12 EDs in 9 countries) 9.8 % (outcome_: - NA 0.84 (0.81-0.88)
Cross-validation invasive bacterial
(5 ED groups) infection) 0.45-0.81 0.78 (0.74-0.82)
Yaeger et al, 2021[217]
NA Regression CPM:
Derivation population 76% 0.945 (0.913-0.977)
(not externally validated) ' NA Super learner model:
0.956 (0.935-0.975)

As these prediction rules are mostly targeted to improve rapid discrimination between
patients with and without serious illness / SBI, impact studies of these models on the
management of febrile patients in different settings are necessary, and yet there are few.
A prospective observational study in out-of-hours primary care centres in the Netherlands
showed that most prediction models had only moderate performance for predicting referral to
emergency departments [221].

A randomized controlled trial assessing the impact of the model by Nijman et al
(Feverkidstool) [14] showed to reduce the number of full blood counts performed at the ED but
did not affect antibiotic prescription, hospitalization, or revisits, while another study of the
Nijman model for pneumonia showed reduction in antibiotic prescription in children with
suspected lower respiratory tract infections [225]. Overall, models with effective prediction of

bacterial pneumonia also require biomarkers, as does Feverkidstool [226].

1.3.4 Clinician’s “gut feeling” and its diagnostic value

At the age of evidence-based medicine, it may be assumed that clinician’s intuition
should play little role in clinical decision-making, putting more emphasis on application of
high-quality scientific information and evidence extracted from rigorous studies and systematic
literature reviews [227-229]. It is, however, necessary to understand that the complexity of
medical reasoning, which involves analytical and non-analytical processes alike.

Research in cognitive psychology suggests that reasoning involves two cognitive
systems or processes [230-237]. One of them, described as “non-analytical”, “intuitive”,
“tacit”, “automatic”, “experiential”, or “system 1” is associative, intuitive, and fast, enabling

the clinician to make rapid decisions in complex or time-restricted situations. The other, called
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“analytical”, “rational”, “controlled”, or “system 2” process, involves conscious and effortful
application of the learned information and rules, and use of diagnostic tools.

While very different, these processes are not mutually exclusive in medical problem-
solving and decision-making [229, 230, 235, 238]. Having a “sense of alarm” about a clinical
situation, even if unfounded by supporting clinical “red flags”, may prompt the initiation of
a thorough investigation process, in which analytical reasoning will be applied [238, 239]. In
situations when decisions must be made without delay, the initial rapid response may be
intuitive, while the analytical system monitors the validity of this response and tests for
potential inconsistencies or bias [230, 240]. Thus, both cognitive processes contribute to the
improvement of medical decisions.

The significant role of skilled intuition and non-analytical reasoning has been
recognized in several medical specialties, including nursing, midwifery, dentistry, general
practice, paediatrics, and several other medical specialties [38, 40, 231, 232, 237, 241-251].
Cross-cultural studies show that clinicians are aware of the role and significance of the intuitive
part of their reasoning in everyday practice, and that two types of intuitive feelings — “sense of
alarm” and “sense of reassurance” are well-established concepts [243, 252-255]. An agreement
on the necessity of inclusion of recognition and awareness of “gut feeling” in medical education

is also prevalent amongst European clinicians [230, 235, 239, 243, 256].

Sense of alarm / gut feeling that “something is wrong”

The “sense of alarm” has been described as an uneasy feeling in clinicians, when
something in the clinical situation “does not add up”, or, in other words, “does not fit”, which
is understood as a concern for a potential adverse outcome, even if there are no clear indications
[228, 243, 247, 252-254, 257]. Other studies use a similar term, “gut feeling” that “something
is wrong”, even if the doctor is unable to explain why [10, 38].

A “sense of alarm” is often the grounds for initiation of more in-depth investigation
process. However, doctors have sometimes described experiencing doubts on relying on this
subjective feeling, and feeling they have to rationalize their uneasiness by finding objective
clinical evidence [228, 243, 247, 253, 258, 259]. Despite these doubts, the necessity to act out
on these intuitive feelings has been emphasized in some guidelines [260], as studies show
evidence on missed cases of serious illness as a result on not pursuing further investigation in
case of “gut feeling” of something being wrong, even if other “red flags” are absent [38, 261].

Furthermore, studies show that “sense of alarm” / “gut feeling” that something is wrong
provides added value in diagnosis of serious infections in children [10, 38], as well as gastro-

intestinal bleeding [249], cancer [40, 262], and other life- or limb-threatening conditions [237,
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250, 263, 264]. In paediatrics, it has been associated with significantly increased risk for serious
illness in febrile children presenting to primary care [38], and also identified as a key variable
in a CPM derived from a primary care cohort (LR (+) (95 % CI) = 23.48 (16.85-32.71)) [10].

Triggers for sense of alarm / “gut feeling” that something is wrong

While the definition of “sense of alarm” or “gut feeling” of seething wrong implies that
there may be no clinical findings to justify the concerns of the physician, several triggers have
been identified. An important trigger is the case “falling out of a pattern” — an existing
difference between what is seen and what is expected in a clinical situation of a kind [228, 231,
265, 266].

More specifically, factors initiating “sense of alarm” / “gut feeling” that something is
wrong listed by doctors are behavioural changes in a patient, changes in appearance, gestures,
and body language [243]. Patients who visit their general practitioner less frequently, or seek
help during the night, are also more likely to raise “sense of alarm” [243, 267]. Naturally, some
of the well-established clinical “red flag” signs have also been associated with “sense of alarm”,
such as seizures, ill appearance, changed breathing pattern, drowsiness, fatigue, weight loss,

symptoms of urinary tract infection, crackles, crepitations, etc [37, 38, 262, 267].

Sense of reassurance

“Sense of reassurance” has been described as feeling sure about the prognosis or course
of the illness of the patient, even when not knowing the precise diagnosis (“everything fits in”)
[239, 243, 252, 253, 257]. “Sense of reassurance” is said to be helpful in coping with the high
workload of seeing many patients, by adopting “watchful wating” instead of aggressive testing
and treatment strategies [239, 243]. However, some clinicians also felt they still needed to stay
on their guard even in case they felt “sense of reassurance”, to avoid missing any serious cases
[253]. While several studies on diagnostic value of “sense of alarm” have been conducted,

showing promising results, research in the validity of “sense of reassurance” is lacking.

Factors affecting intuitive reasoning

The use and diagnostic value of skilled intuition is affected by several clinician-related
factors. One of the variables may be the state of the individual clinician — it has been suggested
that lack of time, involvement of several cases at once, sleep deprivation, fatigue, and
distraction negatively affect their non-analytical reasoning, [230], in either overuse, underuse,

or lack of accuracy. However, other studies show that burn-out does not affect the use of “gut
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feeling” [268], and that clinicians could experience “gut feeling” even in the middle of a busy
day [243].

Another factor affecting intuitive reasoning is the level of experience of the clinician. In
several studies, experienced doctors, nurses, and midwifes had more confidence in their
intuition than their less-experienced colleagues [37, 241, 243, 247, 266], and a prospective
cohort study has shown increasing predictive value of “gut feeling” for cancer with every
additional year of experience [267]. Nevertheless, the junior colleagues should not be
discouraged to use their “gut feeling”. A prospective study on recognition of serious illness in
children shows contrasting results — with every year of experience, clinicians were less likely
to experience “gut feeling”, which may indicate diagnostic uncertainty, however the diagnostic
power of “gut feeling” was similar to that of more senior doctors [38].

The patient-clinician relationship may have one of the most significant influences on
the non-analytical reasoning of the clinician. Continuity of care and prior knowledge of the
patient is said to be a determining factor of being able to recognize that “something does not fit
in” [40, 239, 243] and could sometimes enable the clinician to experience “gut feeling” when
assessing the patient remotely [243]. By contrast, one study reports that, with increased
knowledge of the patient, general practitioners were less likely to use their “gut feeling” for
diagnosing cancer [269].

The type of medical specialty also affects “gut feeling”. A focus group study on use of
“gut feelings” among different specialists revealed that, the more general the specialty, for
example, general practice and paediatrics, where patients present with large variety of

conditions, the more likely the doctor was to use and rely on “gut feelings” [247].

Integration of the concept of “gut feeling” in medical education

In most studies clinicians agree that “gut feeling” can be taught, though the task may
prove to be a difficult one [230, 235, 239, 243, 256]. Several strategies have been proposed to
induce intuitive thinking in medical education, of which there is most agreement on exposure
to varied clinical cases, and feedback provided by the tutors during clinical problem-solving,
including encouragement for intuitive reasoning and expression of the student’s or junior
clinician’s intuitive thoughts [228, 230, 236, 238, 243, 256, 270].

Due to variability of clinical presentation, it is not adequate to see just one example of
a specific disease during the learning process. It is advised to expose the trainees to cases with
typical manifestations of a condition first, then followed by more complex situations [230].
This is also true about development of skilled intuition. As gut feeling often implies recognition

that a case “does not fit”, seeing numerous cases with benign or poor outcomes will aid the
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development of the ability to sometimes distinguish between the two automatically, before the
analytical part of reasoning is applied [230, 231, 243]. In addition to focusing to signs and
symptoms, trainees should be stimulate to focus on the behaviour and other non-verbal cues of
the patient to develop a more holistic approach, and to be aware of their own intuitive feelings
during the assessment [239].

Analysis of many clinical cases will not, however, compensate for insufficient feedback
from the tutors or traineeship supervisors. In addition to discussion of differential diagnoses
and extensive clinical examination, students or trainees should be encouraged to express their
intuitive hypotheses early on during the investigation process and receive feedback on their
thoughts [228, 230]. Discussing the reasons behind the decisions made by trainees also enables
the recognition of potential cognitive bias [231]. The emphasis should be placed on how
intuition can be integrated with the analytical process of medical diagnostic reasoning [230,

236, 238, 256], which, as evidence suggests, will result in a more effective clinical practice.

1.3.5 Diagnostic value of parental concern

Attentive consideration of parental concern as a factor indicating serious illness or sepsis
in a child is recommended in a systematic literature review [22] and by NICE Sepsis
stratification tool [23]. The evidence for the diagnostic value of parental concern mainly comes
from primary care studies, while the evidence from patients presenting to EDs is scarce [271].

A qualitative study published in 2005 reported that, among children who had
experienced serious infection, a common finding was parental concern at an early stage of the
illness, expressed as a feeling that this time, the “illness is different” [41]. Another statement in
a qualitative study on recognition of meningitis in children by general practitioners stated that,
sometimes maternal instinct that their child “isn’t quite right” is the only clue that the child is
seriously ill [272]. The diagnostic value of parental concern was assessed in a prospective multi-
centre study in primary care [10], where it was significantly associated with increased
likelihood of serious illness (LR (+) (95 % CI) = 14.35 (9.30-22.15)), and was one of the key
variables in decision trees to foe prediction of serious infection, pneumonia, or sepsis /
meningitis. In another study, parental concern was identified as one of the main triggers for
clinician’s “gut feeling” [38].

However, factors other than the severity of the child’s condition or observed changes in
the child’s behaviour can affect the level of parental anxiety. Particularly, it can be affected by
parental beliefs on the possible harmful effects of fever [43, 273, 274], as well as the
effectiveness of communication with healthcare personnel, in terms of provided information

and support [275, 276]. The reasons for parental worries, and the possibility of “fever phobia”
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in parents should be clarified before considering parental concern as a variable suggesting

serious illness.

1.4  Fever phobia

Fever in a child can cause significant anxiety in the parents. Often the reason for this
concern are the misconceptions on harmful effects on fever. Studies report that negative effects
attributed to fever (if left untreated) by parents include dehydration, vomiting, serious illness,
delirium, coma, seizures, blindness, deafness, brain damage, and even death [42, 43, 48, 50,
273, 277-283], and the body temperature associated with these adverse effects can be as low
as 38 °C, or even lower [281]. Another misconception suggests that, unless medication is given,
the body temperature can increase to uncontrollable hights such as 43.3 °C [283, 284]. These
irrational beliefs, also labelled as “fever phobia” [42], have been observed in parents of various
socioeconomic and education levels and in different parts of the world [46, 50, 282, 285]. The
misconceptions about fever have remained relatively unchanged throughout the last four
decades, despite decline in childhood mortality due to illness, and availability of evidence-
based materials for guidance for management of fever [44, 47, 282].

Parental anxiety over febrile illness in their child often lead to aggressive management
strategies, such as frequent temperature measurements, overuse of medication, and application
of non-evidence-based practices such as cold sponging, rubbing the child with alcohol, etc
[43, 46, 273, 277, 281, 283]. In addition, concern about the child’s fever leads to unwarranted
use of emergency healthcare services [48, 286].

While lack of knowledge on the pathophysiology and management of fever is one of the
main reasons behind these misconceptions and malpractices by parents, it may come as a result
of their experience of ineffective communication with healthcare workers [45, 275, 287, 288].
When the parent perceives fever as a threat to their child’s health and wellbeing, they feel an
overwhelming sense of responsibility to protect their child, and, if their worries are dismissed
as irrelevant and questions are not answered properly, the frustration and anxiety increase even
further [275, 276, 287-289]. While trying to receive information on the management of fever
in their child and on proper use of antipyretics, parents sometimes receive conflicting
information from different healthcare specialists they visit [287]. It is also important for the
parent to understand the cause of the illness in their child, and phrases like “it is nothing” or ““it
is just a virus”, probably intended for reassurance, instead added to their worries and decreased
their trust in the healthcare professional [45, 275, 287, 288]. Clinicians also may fail to meet
the emotional needs for support, encouragement and reassurance expressed by the parents
[276, 287].
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Several interventions are necessary to decrease fever phobia in parents. First of all,
parents should be provided with a clear, reliable, and consistent information on how to assess
the severity of illness in their child, when to seek help, and how to manage fever at home
[49, 287, 290]. This could be done by providing clear and written instructions during visit,
handouts or other audio-visual aids [45, 290-293]. Not less importantly, possible anxiety
related to fever in a child, as well as other concerns, should be addressed during visits to
healthcare, and parents should be provided with the necessary reassurance and emotional
support [276, 287].
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2 Materials and Methods
2.1  Setting

The study included two cohorts — the discovery cohort, and the validation cohort.

2.1.1 Discovery cohort

The discovery cohort consisted of patients presenting to Emergency Department of
Children’s Clinical University Hospital (CCUH) in Riga, Latvia, between 1st of April 2017 and
31st of December 2018. CCUH is the only hospital in Latvia providing tertiary level of care
exclusively for children. CCUH is a university hospital and serves as the main clinical setting
for training of medical students and residents in paediatrics and its various subspecialties. The
ED of CCUH is attended by children younger than 18 years, and the main reasons for
presentation are problems related to childhood illness, trauma, foreign bodies, or other
emergencies. The number of annual visits to ED is approximately sixty-five thousand, around
nine thousand of which are febrile episodes. Around half of the febrile visits to the ED in CCUH
are self-referred, over 41 % are delivered to ED by an ambulance, and less than 5 % are referred
by a family doctor or another specialist. Though 51 % of patients are classified as non-urgent,
70 % of febrile patients undergo laboratory or other investigations at the ED, and close to 30 %
remain at the ED for a prolonged observation for up to 24 hours. Around 27 % of febrile

children who present to the ED are eventually hospitalized [294].

2.1.2 Validation cohort

The validation cohort included patients who presented to the Emergency departments
of one out of six regional hospitals in Latvia, between 1st of January 2019 and 31st of March
2019. The hospitals that took part in the study were Liepajas Regionala slimnica, Daugavpils
Regionala slimnica, Vidzemes Slimnica, Jékabpils Regionala slimnica, Ziemelkurzemes
Regionala slimnica, Balvu un Gulbenes Slimnicu apvieniba. These hospitals provide secondary
level of healthcare services for people of all age groups and have a Paediatric department. The
Emergency departments of these hospitals are visited by children and adults alike, who present

with various accidents and emergencies.
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2.2 Inclusion and exclusion criteria

All children aged one month up to 18 years (not including) who presented to ED within
the study period with fever (body temperature above 38.0 °C reported by carers or assessed at
the ED with axillary thermometer) or history of fever within the previous 3 days were
considered eligible to the study if none of the following exclusion criteria were present:

e Chronic comorbidities that increase the risk for infection (primary or secondary

immunodeficiency, history of splenectomy, etc.)

e Chronic use of immunosuppressing medication (chemotherapy, glucocorticoids,

disease-modifying antirheumatic drugs, etc.)

e Referral from primary care, another hospital or specialist with an already

established diagnosis

e Patient / carer refuses to participate in the study.

Written informed consent to participate in the study was required from the parents /
carers of the patient, or the patient themselves if aged 14 years or older.

2.3 Study design

The study was conducted as a mixed methods study and consisted of two parts:

quantitative and qualitative study. The study process is illustrated in Figure 2.1.
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Figure. 2.1 Study design
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2.3.1 Quantitative study

The quantitative part of this thesis was a prospective, observational cohort study. At the
first stage of the study, patients were prospectively enrolled in the discovery cohort. Data
collected from the discovery cohort were used for analysis of the diagnostic value of clinical
variables, “gut feeling”, and parental concern, as well as for derivation of clinical prediction
models (CPMs). A small sample of derivation cohort was also included in a qualitative
interview study. The derived and internally validated CPMs were subsequently validated
externally by application to the validation cohort.

Patient enrolment

In CCUH, patients were approached by the researcher on selected days distributed
evenly within the study period, the recruitment lasted for around 4 to 6 hours each day. During
the time of recruitment, all eligible patients who were observed at the ED were approached, and
patients whose carers provided an informed written consent were recruited.

The majority of patients in the discovery cohort were recruits to European Union (EU)
Horizon 2020 project “Personalised Risk assessment in febrile illness to optimise Real-life
Management across the European Union” (PERFORM) [295]. The main goal of the PERFORM
project was to improve diagnosis and management of febrile patients, by identification and
validation of promising new discriminators of bacterial and viral infection including
transcriptomic and clinical phenotypic markers. However, no new laboratory diagnostic

markers were analysed for this thesis.

Data collection

Clinical features

Data collected for the study included date and time of presentation, age and gender of
the patient, clinical features at presentation, the diagnosis, and relevant clinical data supporting
the diagnosis. The data were recorded in a standardised case report form, which can be viewed
in the Appendices as Appendix 1 (case report form in English) and Appendix 2 (Case Report
Form in Latvian). The clinical features included vital signs as well as several clinical features,
which were selected based on alarming features identified by a previously published systematic
review [22], included in popular clinical practice guidelines and assessment scores [2, 23, 103,
117, 296], and other relevant studies on serious bacterial infection or serious illness in children.

In total, 27 clinical variables were assessed.
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The body temperature at presentation was measured via axillary liquid-in-glass
thermometer, in addition to recording parent-reported peak body temperature during the
episode prior to presentation. Vital signs (heart rate, blood pressure, oxygen saturation) were
assessed by an electronic monitor, and respiratory rate was evaluated by the clinician during
physical examination. Assessed heart rate and respiratory rate were evaluated according to age
[23, 297]. Poor peripheral circulation was defined as cold hands and feet, and / or prolonged
capillary refill time [298]. Clinical impression of “ill / toxic appearance”, defined as child
appearing pale, mottled, or cyanotic, lethargic or inconsolable, or showing signs of respiratory
distress (tachypnoea, chest retractions, etc) [299], was also noted.

Clinical signs and symptoms were recorded in the standardised case report form, where
the clinician noted the signs that were present, the signs and symptoms that were not noted were

considered as absent by the research team.

“Gut feeling” of something being wrong / “sense of reassurance”

For the assessment of clinician’s “gut feeling” of something being wrong and “sense of
reassurance”, the doctors were given a short questionnaire to be completed after the physical
examination of the child, before any laboratory, imaging or other investigation results became
available. The questionnaire was developed in collaboration with the Department of Public
Health and Epidemiology of Riga Stradin$ University, and its contents were discussed with
experienced paediatricians, after which no changes were made. The full questionnaire can be
viewed in the Appendices as Appendix 3 (Clinician’s questionnaire in English) and Appendix
4 (Clinician’s questionnaire in Latvian). Introduction on completion of Clinicians’
questionnaire was provided to clinicians working at the ED of CCUH as well as the regional
hospitals prior to the study. The “Gut feeling” of something being wrong, defined as an intuitive
feeling that the child may have a serious illness [10, 38], as well as “Sense of reassurance”,
defined as an intuitive feeling that the child has a self-limiting illness [300] were noted. Both
“gut feeling” of something being wrong and “sense of reassurance” were evaluated as “present”,
“not sure”, or “absent” in case the clinician stated in the questionnaire that they did not
experience “gut feeling” that something is wrong. In the statistical analyses coded as binary,
“present” or “absent” / “not sure” was used.

The clinicians were also asked to name (if they could) the possible triggers of this
impression. On the other side of the questionnaire sheet, the physicians stated their opinion on
the presence of any of the listed SBIs and marked the presence of any alarming signs and

symptoms.
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The questionnaire was considered as an extension to the main case report form for
assessment of variables “gut feeling” and “sense of reassurance”, therefore no validation

procedures were performed.

Parental concern

The parents of enrolled patients were approached and asked to fill a questionnaire
evaluating their concern about the child during the particular episode of illness. The
questionnaire was developed in collaboration with the Department of Public Health and
Epidemiology of Riga Stradin$ University, and subsequently piloted in a small cohort of
26 patients, after which some alterations were made in questions unrelated to parental concern.
The parental questionnaire can be viewed in the Appendices as Appendix 5 (Parental
questionnaire in English) and Appendix 6 (Parental concern in Latvian). Parental concern was
defined as an impression that this episode of illness is different / more severe than the child’s
previous febrile episodes [10, 41], and was evaluated according to a 7-point Likert scale, where

29 ¢¢

“definitely yes”, “most likely yes”, and “more likely yes than no” was interpreted as present,
“difficult to say” was regarded as neutral, while “more likely no than yes”, “most likely no”,
“definitely no” were interpreted as absent. In statistical analysis, the evaluation “difficult to
say” was coded equal to “absent”.

The questionnaire also included questions on the behavioural changes observed during
the febrile episode, and additional questions on their beliefs on the management and effects of
fever. Information on the age and education of the parents, number of children in the family,
and the child’s previous illnesses was also collected.

The parental questionnaire was considered as an extension to the main case report form

for assessment of variable “parental concern”, and no validation procedures were performed.

Outcomes
The defined primary outcomes of the study were presence or absence of SBI. The

diagnoses classified as SBI were chosen according to most commonly used definitions of SBI
in other clinical studies (illustrated in Table 1.1). For this study, SBI was defined as any of the

infections displayed in Table 2.1 requiring hospitalization (for at least 24 hours).
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Table 2.1
Definitions and reference standards for SBI used in the study

No. Type of infection Reference standards

1 |Bacteraemia /A single bacterial pathogen identified in a blood culture
Polymorphonuclear leucocytosis and bacterial pathogen identified
in cerebrospinal fluid

2 [Bacterial meningitis

3 |Pneumonia An infiltrate on a chest X-ray identified by a paediatric radiologist
Positive urine culture (10° colony forming units (CFU) per ml
4 |Urinary tract infection of a single bacterial pathogen in a midstream urine sample or
10* CFU/ml in a catheterized sample)
5 Bacterial soft tissue Cellulitis / phlegmon / erysipelas / deep pus collection or abscess
infections requiring hospitalization and systemic antibacterial therapy

Bacterial gastroenteritis Bacterial pathogen identified in a stool sample of a patient with

6 with dehydration symptoms of acute gastroenteritis requiring hospitalization and
intravenous rehydration
7 Acute c_om_phcated /Acute appendicitis with necrosis / perforation / peritonitis
appendicitis
8 Acute osteomyelitis / septic [Pathogenic bacteria isolated from bone / joint aspirate
arthritis OR osteomyelitis identified in MRI

Secondary outcomes were hospitalization, antibacterial treatment, and admission to
paediatric Intensive Care Unit (ICU).

Follow-up

The patients were followed up until discharge of the hospital and further for up to
28 days from presenting to ED, to rule out or confirm development of SBI, initiation of
antibiotics, or readmission to the hospital. For patients discharged from the hospital before day
28, the follow-up was arranged via telephone close to day 28 (on a working day, during working
hours). Two call attempts were made by a member of the research team to contact the patient /
guardians, after which no further attempts were made. If the research team failed to contact a
patient, the possibility of readmission was ruled out by researching the patient on the hospital
record system (for patients enrolled in regional hospitals, hospitalization in CCUH as the
reference hospital was also ruled out). As the diagnosis of SBI for this study required
hospitalization for at least 24 hours due to one of infections meeting criteria for SBI, no patient

without SBI was reclassified as SBI unless there was a readmission.

Statistical analysis and derivation of clinical prediction models

The bivariate analysis of association between each of the clinical variables, “gut
feeling”, “sense of reassurance”, parental concern and SBI was performed by constructing
2 x 2 contingency tables. The Chi-squared test or Fisher’s exact test were performed, as
appropriate. A p value of less that 0.05 was considered significant. For each variable, odds ratio

(OR), positive (LR (+)) and negative likelihood ratios (LR (-)), positive predictive value (PPV)
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and negative predictive value (NPV) were calculated to assess the diagnostic value with regards
to SBI. Variables with OR 1 or more were considered as associated with SBI, while variables
with LR (+) of 5 or more were considered significantly predictive of SBI (high rule-in value).
Associations between parent-reported behavioural changes and detection of SBI, and between
alarming signs and “gut feeling” were also evaluated.

Variable selection for the clinical prediction model was performed using stepwise
logistic regression (forward, backward, and bidirectional). A sample size of 500 subjects is
recommended for derivation of CPMs via logistic regression of unknown number of variables
for observational studies with large populations [301], another equation to estimate the sample
size is 100 + 50i, where i refers to the number of independent variables selected for the final
model.

No data imputation for missing values was performed, and only cases with no missing
data were used in logistic regression (complete case analysis). The aim of this study was to
create a short, simple screening model; therefore, Akaike information criterion (AIC) was used
to penalize for too many parameters.

Two clinical prediction models were created — one with clinical parameters (signs and
symptoms) alone, and another, in which “gut feeling” and “sense of reassurance” was also
included. For each of the two models, Likelihood Ratio (LR), Wald, and Conditional selection
criteria were used to assess the variety of regression models. Models were similar in all cases
and did not give significant improvement. The performance of the models was assessed by
constructing a receiver operating characteristic (ROC) curve assessing the area under curve
(AUC). A model with AUC close to 0.5 is evaluated as useless, AUC between 0.51 and
0.69 indicates a poor test, values between 0.7 and 0.79 are considered moderate, between
0.8 and 0.89 — good, and 0.9 to 0.99 indicates a perfect model [302]. The statistical significance
of the difference between the AUCs of the models was assessed by DeLong's test for two ROC
curves. The optimal cut-off points for the models were chosen according to Youden’s index,
while calculation of sensitivity, specificity, positive and negative predictive values, and positive
and negative likelihood ratios at different cut-off points in both derivation and validation
cohorts were also performed.

The statistical analysis was performed by using MS Excel, SPSS version 26, and
RStudio software version 1.4.1103.

57



Validation

Bootstrapping was used for assessment of the model’s internal validity and correction
for overoptimism by applying the model to 100 000 bootstrap samples of the data. For external
validation, the model was tested for prediction of SBI in a separate dataset of patients presenting

to one of six regional hospitals.

Assessment of beliefs, practices and health care seeking behaviour
of parents regarding fever in children

The data on parental beliefs regarding fever, administration of antipyretics, healthcare-
seeking behaviour, both when dealing with fever in their children in general and during the
ongoing episode, and experience in communication with health care workers were collected via
the parental questionnaire, in addition to assessment of parental concern. In addition,
demographic data (age and level of education of parents or legal guardians, number of children
in the family, age and gender of the patient admitted to ED) were also collected and analysed.

Statistical analysis was performed using MS Excel, SPSS version 26, and R studio
version 1.4.1103 data analysis software. The statistical significance of the differences between
categorical variables was estimated by applying Pearson’s Chi-squared test. Wilcoxon rank-
sum test was used for comparison of two independent groups of nonparametric continuous data.

A significance level of p < 0.05 was applied.

2.3.2 Qualitative study

To assess the reasons for parental concern during febrile illness, and to explore on any
possible misconceptions about fever that may lead to fever phobia, an applied research design
study was conducted in a form of qualitative interview study in addition to the parental
questionnaires with quantitative data.

Recruitment of participants

A convenience sample of parents / carers of patients from validation cohort was
recruited for participation in qualitative, semi-structured interviews. Parents from different
educational backgrounds, as well as with varying number of children, were selected to achieve
maximum variation. Most interviews took place during the child’s observation at the ED,
though some interviews were postponed to a later time within 72 hours of admission, after the
patient’s immediate medical needs were addressed and the mental and psychological condition

of the parents was adequate for them to participate in the interview.
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Enrolment was considered complete when no new information emerged from the interviews
and data saturation had been reached [303]. Recruitment of participants for the interview study
took place between October 2017 and April 2018.

Data collection and analysis

The data for the qualitative study were collected via semi-structured qualitative
interviews. The topic guide for the interviews was developed basing on rigorous study of
existing literature as well as professional opinions. The interviewer’s guideline on the questions
to be asked during the interview can be viewed in the Appendices as Appendix 7. The
interviewer was instructed to cover all the listed topics, but not necessarily in the same order as
shown in the guideline, to allow a natural flow of conversation. Before the study, the interviews
were piloted by two parents, who suggested no major corrections. The topics discussed in the
interview included:

e signs and symptoms causing increasing concern,

e ways of assessing and monitoring fever,

e opinion and beliefs on the positive effects of fever,

e opinion and beliefs on the possible side effects and dangers of fever,

e practices of management of fever,

e seeking for help in case of fever in their child,

e expectations from healthcare professionals when dealing with febrile illness in their

child,

e experience in communication with doctors regarding febrile illness in their child.

All interviews were audio recorded and transcribed verbatim for data analysis.
Participants were not asked to verify their transcripts.

Inductive thematic analysis was used to analyse the data of all transcripts [304]. Key
themes were identified through a step-by-step process, including:

1) familiarization with all data through repeated listening to the records and reading

of the transcripts,
2) descriptive coding of repeated patterns and themes,

3) linking, grouping, and categorization of the themes and subthemes.

2.3 Ethics statement

The study was conducted in accordance with the Helsinki declaration and guidelines for

good clinical practice.
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Enrolment of CCUH patients in the PERFORM (Personalised Risk assessment in febrile
ilIness to optimise Real-life Management across the European Union) project was approved by
the Central Medical Ethics Committee of the Republic of Latvia (Decision No 1/16-07-14;
approval date 26.05.2016.).

The inclusion of additional cohort of CCUH patients and collection of clinical data, the
data from the clinician’s and parental questionnaires, as well as recording of the interviews was
approved by the ethics committee of Riga Stradin$ University (Decision no. 13/05.10.2017.).
The ethics committee of Riga Stradin$ University also approved of enrolment of patients of
regional hospitals in the validation cohort (Decision No0.6-3/27, approval date 25.10.2018.),
after obtaining consent for the study from the Institutional Review Board of Children’s Clinical
University Hospital, as well as from the designated officials in the Regional hospitals.

Written informed consent was obtained from each caregiver / patient (if aged 14 years
or older) for participation in the study as well as for the analysis and publication of collected
data. The carers who participated in the qualitative study provided written informed consent for

audio recording of the interviews.
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3 Results
3.1  Demographic data
3.1.1 Patients

In total, 517 patients presenting to the ED of CCUH were enrolled. 385 patients
consented to participation in the PERFORM project, and additional 132 patients agreed to
participation outside the PERFORM project. 54 % (n = 279) of the patients were boys. The age
of the patients ranged from one month to 17 years and 11 months, the median age was
58 months. 47 patients (9.1 %) were younger than one year, 261 children (50.5 %) were
younger than 5 years.

In regional hospitals, 188 patients were enrolled for validation of created CPMs. 48.9 %
(n =92) were boys. The median age of patients in validation cohort was 28 months (range one
month to 16 years and 4 months). Of all enrolled patients, 18.1 % (n = 34) were younger than

12 months, and 81.4 % of patients (n = 153) were younger than 5 years.

3.1.2 Clinicians

Discovery cohort

The questionnaire on “gut feeling” and “sense of reassurance” was completed in
356 cases among patients enrolled in CCUH. For the rest of the discovery cohort the data were
missing, mostly due to inability of the clinicians to complete the questionnaire within the
specified time frame (before investigation results became available). In one hundred and sixty-
five of the cases (46.3 %), the clinicians were licensed paediatricians with clinical experience
ranging from five to fifty-three years (median six years), in 46 cases (27.9 %) the licensed
paediatrician had work experience 10 years or more as a doctor. The rest of the enrolled patients
were seen by paediatric residents with one to four years of medical work experience (median

three years).

Validation cohort

In regional hospitals, the clinician’s questionnaire was completed for all 188 of enrolled
patients. Most of the patients (89.4 %, n = 186) were seen by licensed paediatricians with five
to forty-one years of experience (median 28 years), in the majority of cases (86.7 %, n = 163)
the clinician had more than 10 years of clinical work experience.
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3.1.3 Parents and guardians

Parents enrolled in CCUH

In CCUH, 273 parents took part in the questionnaire. Data on parental concern
(different / more severe illness) were given by parents of 267 (51.6 %) of the enrolled patients.
Six more parents had completed some parts of the questionnaire but omitted the questions
specifying their concern about the child’s condition. The part on beliefs regarding fever and
healthcare-seeking behaviour was completed by 235 parents.

Most of the participants (89.0 %, n = 243) were mothers aged 21 to 56 years (median
age 34 years), 49.6 % (n = 120) had a university degree. The questionnaire was completed also
by 23 fathers aged 23 to 52 years (median 34), 56.5 % (n = 13) of them had a university degree.
Seven of the participants were other legal guardians, mostly grandparents.

Of participants who completed the data on beliefs regarding fever and healthcare-
seeking behaviour, 206 (87.6 %) were mothers, 49.3 % (n = 100) with a university degree, and
9.3 % (n = 22) were fathers, of whom 54.5 % (n = 12) had a university degree. The number of
children in the families participating in the questionnaire on beliefs on fever is displayed in
figure 3.1.3.

The reasons for failure to obtain a completed questionnaire from the rest of the parents
in discovery cohort (n = 250) were refusal to take part in it, failure to complete it within the
specified time frame, or discharge prior to completion of the questionnaire.

Parents enrolled in regional hospitals

In regional hospitals, 178 parents participated in the study on parental concern and
beliefs regarding fever, while one of them had left questions on parental concern unanswered.
Again, the overwhelming majority (92.1 %, n = 164) of participants were mothers with age
range between 18 and 48 years (median 31 years), 38.4 % (n = 63) out of whom had a university
degree. The number of fathers enrolled in the study was 12, their age ranged from 29 to 43 years
(median 35 years), and 33.3 % of the fathers (n = 4) had a university degree. The rest of the
participants were two grandparents. The number of children in families recruited in regional

hospitals is shown in figure 3.1.
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Figure 3.1 Number of children in families of the participants in parental questionnaire

3.2 Outcomes

Of all patients enrolled in the discovery cohort, 26.7 % (n = 138) were diagnosed with
SBI. The final diagnoses of the patients are summarized in Table 3.1. All patients with SBI
were hospitalized for at least 24 hours and received antibiotics, 31 of these patients were
hospitalized in the ICU. The duration of hospitalization in patients with SBI ranged from 1 to
44 days (median 5 days).

Of the 379 patients who did not develop SBI, 191 (50.4 %) received or were prescribed
antibiotics, 228 (60.2 %) were hospitalized, and five patients were hospitalized in ICU. The
median duration of hospitalization among patients without SBI was 2 days, ranging from less
than 24 hours to 25 days.

In validation population consisting of 188 patients from regional hospitals, 26.6 % of
patients (n = 50) developed SBI. All patients with SBI underwent laboratory investigations and
received antibiotics, none were hospitalized in ICU. Of patients without SBI (72.4 %, n = 138),
all underwent laboratory tests, 89.1 (n = 123) were hospitalized (none in ICU), and 49.3 %

(n = 68) were prescribed antibiotics.
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Table 3.1

Final diagnoses in discovery cohort (CCUH) and validation cohort (Regional hospitals)

Diagnosis CCUH Regional hospitals
N (percentage) N (percentage)

SBI present 138 (26.7 %) 50 (26.6 %)
Pneumonia 68 (13.2 %) 34 (18.1 %)
Urinary tract infection 22 (4.3 %) 14 (7.4 %)
Acute complicated appendicitis, peritonitis 9 (1.7 %) 0 (0 %)
Frontitis, orbital cellulitis, mastoiditis 3 (0.6 %) 0 (0 %)
Invasive soft tissue infection (phlegmon, cellulitis, 8 (1.5 %) 0 (0 %)
abscess)
Acute osteomyelitis / septic arthritis 10 (1.9 %) 0 (0 %)
Bacterial gastroenteritis 7 (1.4 %) 2 (1.1 %)
Bacterial meningitis (incl. meningococcal) 4 (0.8 %) 0 (0 %)
Meningococcal sepsis 2 (0.4 %) 0 (0 %)
Bacteraemia with shock or multiorgan injury 2 (0.4 %) 0 (0 %)
Other bacteraemia 3 (0.6 %) 0 (0 %)
SBI absent 379 (73.3 %) 138 (73.4 %)

Upper respiratory tract infections
(incl. nasopharyngitis, conjunctivitis, stomatitis,
gingivitis, non-specific)

69 (13.3 %)

29 (15.4 %)

Tonsillitis / Pharyngitis 75 (14.5 %) 25 (13.3 %)
Acute laryngitis (croup) 2 (0.4 %) 4 (2.1 %)
Acute otitis media 9 (1.7 %) 5 (2.7 %)
Parotitis 3 (0.6 %) 0 (0 %)
Infectious mononucleosis 7 (1.4 %) 2 (1.1 %)
Influenza 29 (5.6 %) 24 (12.8 %)
It;ower _res_p_iratory tract infection (bronchitis / 37 (7.2 %) 36 (19.1 %)
ronchiolitis)

Scarlet fever 5 (1.0 %) 1 (0.5 %)
Acute gastroenteritis 41 (7.9 %) 6 (3.2 %)
Acute uncomplicated appendicitis 8 (1.5 %) 0 (0 %)
Aseptic meningitis, encephalitis 11 (2.1 %) 0 (0 %)
Viral syndrome 27 (5.2 %) 3 (1.6 %)
Unspecified uncomplicated bacterial infection 33 (6.4 %) 2 (1.1 %)
Inflammatory / autoimmune 4 (0.8 %) 1 (0.5 %)
Unspecified diagnosis (non-infectious) 10 (1.9 %) 0 (0 %)
Other 9 (1.7 %) 0 (0 %)

3.3 Analysis of predictor variables in discovery cohort

3.3.1 Frequency of the selected predictor variables

Data on thirty potential predictor variables were collected from patients enrolled in
CCUH, which can be seen in Table 3.2. Data on the highest temperature during the episode of

illness was missing in 70 cases, and seven cases did not include data on the duration of fever,

the data on heart rate was missing in 4 cases.
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Frequency of predictor variables in research population

Table 3.2

Present

Present

Variable Present (%) in SBI (%) _[in non-SBI (%) Missing
T > 40 °C (reported by parents) 115 (22.2 %) | 37 (26.8 %) 78 (20.6 %) 70
Fever > 3 days 206 (39.8 %) | 68 (49.3%) | 138(36.4 %) 7
Tachycardia 135(26.1%) | 38 (27.5%) 97 (25.6 %) 4
111 / toxic appearance 140 (27.1%) | 68 (49.3 %) 72 (19.0 %) 0
Drowsiness 138 (26.7 %) | 49 (35.5 %) 89 (23.5 %) 0
Lethargy 21 (4.1 %) 11 (8.0 %) 10 (2.6 %) 0
Irritability 43 (8.3 %) 11 (8.0 %) 32 (8.4 %) 0
Grunting 21 (4.1 %) 10 (7.2 %) 11 (2.9 %) 0
Inconsolable crying 20 (3.9 %) 7(5.1%) 13 (3.4 %) 0
Reduced appetite 258 (49.9%) | 71(51.4%) | 187 (49.3 %) 0
Refusal of food 101 (19.5%) | 29 (21.0 %) 72 (19.0 %) 0
Refusal to drink 115 (22.2%) | 23 (16.7 %) 92 (24.3 %) 0
Reduced urine output 98 (19.0 %) 30 (21.7 %) 68 (17.9 %) 0
Reduced skin turgor 63 (12.2 %) 19 (13.8 %) 44 (11.6 %) 0
Cyanosis 0 (0.0 %) 0 (0.0 %) 0 (0.0 %) 0
Tachypnoea 78 (15.1 %) 38 (27.5 %) 40 (10.6 %) 0
IAbnormal breath sounds 76 (14.7 %) 35 (25.4 %) 41 (10.8 %) 0
Reduced breath sounds 28 (5.4 %) 17 (12.3 %) 11 (2.9 %) 0
Shortness of breath 22 (4.3 %) 10 (7.2 %) 12 (3.2 %) 0
Chest retractions 25 (4.8 %) 15 (10.9 %) 10 (2.6 %) 0
Poor peripheral circulation 32 (6.2 %) 20 (14.5 %) 12 (3.2 %) 0
Meningeal signs 15 (2.9 %) 4 (2.9 %) 11 (2.9 %) 0
Non-blanching rash 24 (4.6 %) 8 (5.8 %) 16 (4.2 %) 0
Seizures 7 (1.4 %) 2 (1.4 %) 5(1.3%) 0
Hypotension 6 (1.2 %) 4 (2.9 %) 2 (0.5 %) 0
Loss of consciousness 4 (0.8 %) 2 (1.4 %) 2 (0.5 %) 0
Hypothermia 1 (0.2 %) 1 (0.7 %) 0 (0.0 %) 0
“Gut feeling” of something wrong | 104 (20.1 %) | 46 (33.3 %) 58 (15.3 %) 161
Sense of reassurance 102 (19.7 %) 5 (3.6 %) 97 (25.6 %) 162
Parental concern 171 (33.1%) | 47 (34.1%) | 124 (32.7 %) 250

3.3.2 Bivariate analysis of diagnostic value of clinical signs and symptoms

Of all analysed clinical variables, only hypotension was significantly predictive of SBI

(LR (+)>5), however with an only 2.9 % sensitivity. Other symptoms with significant

association with SBI (OR > 1; p < 0.05) but limited diagnostic rule-in value (LR (+) < 5) were

poor peripheral circulation, reduced breathing sounds, chest retractions, lethargy, tachypnoea,

toxic appearance, grunting, abnormal breathing sounds, shortness of breath, drowsiness, and

duration of fever for more than 3 days.
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No significant association between other alarming signs, such as positive meningeal
signs, non-blanching rash, seizures, and SBI was found due to the low prevalence of these
symptoms in the discovery population. Cyanosis was excluded from bivariate analysis as it was
not noted in any of the patients in discovery cohort, and hypothermia was also excluded, as it
was found in only one patient, who had SBI.

The sensitivities, specificities, OR, LR (+), LR (=), PPV and NPV of the clinical
variables, and their respective confidence intervals are displayed in Table 3.3.
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Table 3.3

Diagnostic value of clinical variables in discovery cohort
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* Fisher’s exact test was applied when the number of subjects in one of the cells in the 2 x 2 contingency table

was less than 5
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3.3.3 The diagnostic values of “Gut feeling” of something wrong
and “sense of reassurance”

Clinician’s “gut feeling” of something being wrong was significantly associated with
increased likelihood of SBI, though its diagnostic value was limited (OR > 1, LR (+) <5). The

diagnostic value of “gut feeling” of something wrong expressed by a licensed paediatrician was

higher than that of paediatric residents. The diagnostic values of “gut feeling” of something

being wrong are reflected in Table 3.4.

Table 3.4
Diagnostic value of “gut feeling” of something being wrong for prediction
of SBI in discovery cohort
Se”(so'/f)')" 'ty Spe(co'/f)')c'ty OR LR () | LR() | PPV (%) | NPV(%) |\
[0) [0) 0, 0] 0]
(95 % CI) (95 % CI) (95% CI) | (95% CI) | (95 % CI) | (95 %CI) | (95 % CI)
“Gut feeling” of something being wrong, expressed by all clinicians
54.8 78.7 4.47 2.57 0.57 44.2 849 | 0.001
(43.5-65.7) | (73.3-83.4) |(2.66-7.50)|(1.90-3.47)|(0.45-0.73)|(37.0-51.7)|(81.5-87.8)|
“Gut feeling” of something being wrong, expressed by licensed paediatricians
58.1 84.4 (;fé_ 3.73 0.50 56.8 85.1 | 0.001
(42.1-73.0) | (76.8-90.4) 16‘ 41 (2.30-6.06) | (0.35-0.71) | (44.8-68.1) | (80.0-89.1)|
“Gut feeling” of something being wrong, expressed by paediatric residents
50.0 72.3 2.62 1.82 0.69 32.8 84.3 0.009
(33.4-66.6) | (64.2-79.5) |[(1.25-5.46)|(1.19-2.74)|(0.49-0.97)|(24.3-42.5)|(79.4-88.2)|

Clinician’s “Sense of reassurance” was significantly predictive of absence of SBI in
discovery cohort (LR (+) (95 % CI) = 6.01(2.53-14.28), p < 0.001. Again, the association was

stronger when the intuitive feeling was expressed by the licensed paediatricians than when

compared to their junior colleagues. The diagnostic value of “sense of reassurance” for

predicting absence of SBI is shown in Table 3.5.

Table 3.5
Diagnostic value of “sense of reassurance” in predicting absence of SBI in discovery cohort
Se”(so'/z')" Ity Spe(co'/f)')c'ty OR LR(+) | LR() | PPV (96) | NPV (%) |\ o
[0) [0) 0] 0, 0,
(95 % CI) | (95 % CI) (95%CI) | (95% CI) | (95 % CI) | (95 %ClI) | (95 % CI)
“Sense of reassurance” of all clinicians
35.8 94.1 8.81 6.01 0.68 95.1 31.2 <0.001
(30.1-41.8) | (86.7-98.0) | (3.45-22.49) | (2.53-14.28) | (0.62-0.76) | (89.1-97.9) | (29.0-33.5) '
“Sense of reassurance” of licensed paediatricians
40.2 97.7 28.19 17.27 0.61 98.0 36.5 <0.001
(31.4-49.4)|(87.7-99.9) |(3.76-211.65)|(2.46-121.20)( (0.53-0.71) | (87.5-99.7) | (33.1-40.1) '
“Sense of reassurance” of paediatric residents
314 921 5.35 3.98 0.74 93.6 26.7 0.004
(23.9-39.8) |(78.6-98.3) | (1.56-18.33) | (1.31-12.12) | (0.64-0.86) | (82.8-97.8) | (24.0-29.7)|
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Among the cases in which the clinicians stated that they did not experience “gut feeling”
of something wrong (n = 116), 77 reported “sense of reassurance”, 23 were unsure about “sense
of reassurance”, and 16 experienced neither of these intuitive feelings. Similarly, in cases where
“sense of reassurance” was stated as absent (n = 141), “gut feeling” of something wrong was
reported as positive in 84 cases, “unsure” — in 41 cases, and absent in 16 cases. In 69 cases,
clinicians were unsure about either “gut feeling” of something wrong, or “sense of reassurance”.
The correlation between the two variables was low (Pearson correlation coefficient —0.397).

Thirteen variables were found to be associated with “gut feeling” of something being
wrong in bivariate analysis, the strongest were ill / toxic appearance, poor peripheral circulation,
lethargy, reduced breath sounds, and shortness of breath. All clinical features associated with
“gut feeling” can be viewed in Table 3.6. Variables with no association to “gut feeling” of
something wrong were tachycardia, irritability, grunting, inconsolable crying, reduced appetite,
refusal to drink, decreased urine output, decreased skin turgor, petechiae, seizures,
hypothermia, and a body temperature, either on admission or registered within episode, above
the thresholds of 39.0°C, 39.5°C, or 40.0 °C.

Table 3.6
Clinical features associated with “gut feeling” of something being wrong (bivariate analysis)
Clinical features OR (95% ClI) p value
Il / Toxic appearance 10.49 (6.06-18.15) <0.001
Poor peripheral circulation 8.86 (2.82-27.84) 0.000*
Lethargy 7.92 (2.10-29.87) 0.001*
Reduced breath sounds 6.38 (2.38-17.10) <0.001
Shortness of breath 5.87 (1.77-19.53) 0.003*
Chest retractions 4.85 (1.74-13.49) 0.003*
Abnormal breath sounds 3.35 (1.84-6.09) <0.001
Tachypnoea 2.61 (1.42-4.80) 0.002
Drowsiness 2.19 (1.33-3.59) 0.002
Refusal of food 2.18 (1.29-3.66) 0.003
Parental concern 1.90 (1.03-3.51) 0.040
Positive meningeal signs N/A 0.002*
/Arterial hypotension N/A 0.002*

* Fisher’s exact test was applied when the number of subjects in one of the cells in the 2 x 2 contingency table
was less than 5

3.3.4 Parental concern

Parental concern (“different illness”) was significantly more commonly expressed by
parents of children who developed SBI (as reflected in Table 3.7), however its value in
predicting SBI in children with fever was limited. Parental observation of rapid and more
superficial breathing was associated with parental concern (OR (95 % CI) = 1.77 (1.06-2.93),
p = 0.027), as was observation of decrease in urine output (OR (95 % CI) = 2.16 (1.21-3.87),
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and highest observed body temperature 39.0 °C (OR (95 % CI) = 2.09 (1.14-3.83). None of the
other parent-reported symptoms and behavioural changes listed in the questionnaire (grunting,

moaning, rejection of favourite toys or activities, inconsolable crying, screaming, irritability,

drowsiness, refusal of food or drinks) had a significant association with parental concern.

Table 3.7
Diagnostic value of parental concern in discovery cohort
Se”(so'/f)')" Ity Spe(f,'/f)')c'ty OR LR(9) | LR() | PPV (%) | NPV(%) |\
0] 0] 0, 0] 0]
(95%Cl) | (95% CI) (95%CI) | (95% CI) | (95 % CI) | (95 %ClI) | (95 % CI)
Parental concern (different / more severe illness)
74.6 39.2 1.90 1.23 0.65 27.5 83.3 0.046
(62.1-84.7) | (32.5-46.3) [(1.01-3.57)|(1.02-1.47)|(0.41-1.02)|(24.0-31.2) |(76.0-88.8)|
3.4  Clinical prediction models

3.4.1 Selection of variables included in clinical prediction models

All variables listed in Tables 3.2 and 3.3 were provisionally considered as eligible for
entering in the logistic regression procedures and variable selection for the clinical prediction
models (CPMs). However, due to the large number of missing data and limited diagnostic value,
inclusion of parental concern was decided against. Highest body temperature was also not
entered in logistic regression, as data were missing in 70 cases. Prior to exclusion, the relevance
of body temperature as a predictor variable was ruled out by entering several thresholds (above
39.0°C, above 39.5°C, and above 40.0 °C) separately in logistic regression analysis. In none
of the cases the body temperature was selected as a variable, nor did it change the other selected
variables. Variables “cyanosis”, “hypotension”, “loss of consciousness”, and “hypothermia”
were further excluded as they were present in 1 % of population or less. The remaining variables
were considered for derivation of the model.

Two CPMs were created. The first model (CPM 1) did not include the variables “gut
feeling” of something being wrong and “sense of reassurance” and was based on clinical signs
and symptoms alone, while the second model (CPM 2) included these variables. Due to missing
data, the derivation of CPM 1 was based on 511complete cases of the CCUH patients (26.4 %
of whom had SBI), while CPM 2 was based on 345 complete cases (with 23.1 % prevalence of
SBI) in whom all the necessary variables were noted.

Assessment of variety of possible models in each case yielded similar results and did
not provide significant improvement. The variables selected for the best model according to
AIC criteria for CPM 1 are reflected in Table 3.8.
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Table 3.8
Variables of Clinical Prediction Model 1

Variables Coefficient |Standard error Odds ratio (95 % CI)
111 / toxic appearance 1.17 0.25 3.22 (2.01-5.44)
Irritability —-0.64 0.55 0.53 (0.19-1.65)
Refusal to drink —0.66 0.31 0.51 (0.28-0.95)
Tachypnoea 0.65 0.32 1.92 (1.06-3.65)
Abnormal breath sounds 0.52 0.32 1.68 (0.92-3.23)
Reduced breath sounds 0.82 0.51 2.26 (0.86-6.38)
Poor peripheral circulation 1.18 0.54 3.25(1.18-9.71)
Fever > 3 days 0.41 0.23 1.51 (0.96-2.41)

In CPM 1, ill / toxic appearance, tachypnoea, abnormal breath sounds, reduced breath
sounds, poor peripheral circulation, and fever lasting 3 days or more increased the likelihood
of SBI, while irritability and refusal to drink decreased the odds to develop SBI.

Inclusion of variables “gut feeling” of something being wrong and “sense of
reassurance” resulted in a different selection of variables in CPM 2. Table 3.9 reflects the

variables selected according to AIC criteria as best for CPM 2.

Table 3.9
Variables of Clinical Prediction Model 2
Variables Coefficient |Standard Error Odds ratio (95 % ClI)
Refusal to drink —-0.51 0.36 0.60 (0.30-1.24)
Tachypnoea 0.85 0.39 2.34 (1.14-5.19)
Reduced breath sounds 1.48 1.00 4.37 (1.27-15.91)
Poor peripheral circulation 0.96 0.85 2.61 (0.65-11.02)
“Gut feeling” 0.64 0.32 1.90 (1.04-3.68)
“Sense of reassurance” —-1.63 1.41 0.20 (0.06-0.66)

In CPM 2, tachypnoea, reduced breath sounds, poor peripheral circulation, and “gut
feeling” increased the odds for SBI, while refusal to drink and “sense of reassurance’ lowered

the odds for being diagnosed with SBI.

3.4.2 Performance in research and validation populations

The area under curve (AUC) for the Receiver operating characteristic (ROC) curve of
CPM 1 was 0.738 (95 % CI 0.688-0.788) which is considered as moderate. In validation
population, the AUC for CPM 1 was 0.677 (95 % CI 0.586-0.767), which is an acceptable
difference (less than 10 %). The ROC curves of CPM 1 in both derivation and validation

populations are shown in Figure 3.1.
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Figure 3.1 Receiver operating characteristic curves of clinical prediction model 1(CPM 1) for
risk of serious bacterial infections (SBIs) in derivation (A) and validation (B) populations*

* The dots on the curves represent sensitivity and specificity at different cut-off points

The ROC area under curve for CPM 2 was 0.783 (95 % CI 0.727-0.839), which is also
moderate, but surpasses that of CPM 1. In validation population, the AUC was slightly lower
than in research population — 0.752 (95 % CI 0.674-0.830), which is also an acceptable
difference. Figure 3.2 displays the ROC curves of CPM 2 in derivation and validation
populations.
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Figure 3.2 Receiver operating characteristic curves of clinical prediction model 2 (CPM 2) for
risk of serious bacterial infections (SBIs) in derivation (A) and validation (B) populations*

* The dots on the curves represent sensitivity and specificity at different cut-off points
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According to DeLong's test for two ROC curves, the improvement of AUC of CPM2 in
validation population over that of CPM1 was statistically significant (p =0.020, 95 %
Cl (-0.150; —0.013)).

3.4.3 Interpretation of the clinical prediction models

The choice of a single best cut-off point values proved to be problematic for both CPMs.
A cut-off point value of 0.219 to discriminate between the two groups (SBI and non-SBI) was
set for CPM 1 based on Youden’s index to provide highest possible sensitivity and specificity,
and cut-off value 0.283 was set for CPM 2. Figures 3.3 and 3.4 illustrate the results of
application of CPM1 and CPM2, respectively, to both derivation and validation cohorts,

showing the distribution of patients with and without SBI around the estimated cut-off line.
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Figure 3.3 Confusion matrix for discrimination between subjects with SBI and without SBI
by clinical prediction model 1 (CPM 1) in research (A) and validation (B) populations
with the chosen cut-off value of 0.219

* Symbols: V¥ true positives; + false negatives; x false positives; ¢ true negatives.
The horizontal line represents the cut-off value
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Figure 3.4 Confusion matrix for discrimination between subjects with SBI and without SBI
by clinical prediction model 2 (CPM 2) in research (A) and validation (B) populations
with the chosen cut-off value of 0.283

* Symbols: V¥ true positives; + false negatives; x false positives; ¢ true negatives.
The horizontal line represents the cut-off value

It was evident that choice of a single cut-off point, even with best possible sensitivity
and specificity, resulted in a high concentration of patients near the cut-off points who were
falsely predicted as either SBI or non-SBI.

The sensitivity of CPM 1 in research cohort at this chosen cut-off level was 65.9 %
(95 % CI1 57.2-73.9 %), the specificity was 69.9 % (95 % CI 65.0-74.5 %), and the accuracy
of the model was 68.9 %. The model missed 46 (34.1 %) cases with SBI, which were instead
predicted as non-SBI. In validation cohort, the model (at the chosen cut-off level) had 61.2 %
sensitivity (95 % CIl 46.2-74.8 %), 64.2 % specificity (95 % CI 55.4-72.3 %), and 63.4 %
accuracy. Nineteen (38.8 %) patients with SBI were falsely predicted as non-SBI by the model.

Likewise, application of the chosen cut-off level to CPM 2 vyielded a sensitivity of
65.0 % (95 % CI 53.5-75.3 %), specificity 80.4 % (95 % CI 75.0-85.0 %), and accuracy of
76.8 % in research population. Twenty-eight (35.0 %) cases with SBI were falsely identified as
non-SBI. In validation population, use of the cut-off resulted in a sensitivity of 56.2 % (95 %
Cl 41.2-70.5 %), 79 % specificity (95 % CI 71.0-85.5 %), and 72.9 % accuracy, though 21
(43.8 %) of patients with SBI were falsely identified as non-SBI.

The performance of CPM 1 (sensitivity, specificity, positive and negative predictive
values, positive and negative likelihood ratios) in derivation and validation populations are
shown in Table 3.10, while the performance of CPM 2 is reflected in Table 3.11.
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Diagnostic performance of CPM 1 at different cut-off points
in derivation and validation cohorts

Table 3.10

Cut-off Sensitivity | Specificity PPV NPV LR (+) LR ()
(5%ClI) | (95%ClI) | 95%CI) | 95%CI) | 95%CI) | (95% CI)
Derivation cohort (CCUH)

0.10 0.97 0.13 0.29 0.92 111 0.23
(0.93-0.99) | (0.10-0.17) | (0.24-0.33) | (0.81-0.98) | (1.06-1.17) | (0.09-0.63)

0.20 0.79 0.52 0.37 0.87 1.63 0.41
(0.71-0.85) | (0.47-0.57) | (0.31-0.43) | (0.82-0.91) | (1.42-1.87) | (0.30-0.58)

0.30 0.57 0.78 0.49 0.84 2.65 0.55
' (0.48-0.66) | (0.74-0.83) | (0.41-0.57) | (0.79-0.87) | (2.08-3.37) | (0.45-0.67)

0.40 0.41 0.90 0.60 0.81 4.14 0.66
' (0.32-0.50) | (0.87-0.93) | (0.49-0.70) | (0.77-0.85) | (2.87-5.98) | (0.57-0.76)

0.50 0.28 0.95 0.69 0.79 6.23 0.75
(0.21-0.37) | (0.93-0.97) | (0.55-0.81) | (0.75-0.82) | (3.64-10.65) | (0.68-0.84)

0.60 0.19 0.97 0.72 0.77 7.24 0.83
' (0.13-0.27) | (0.95-0.99) | (0.55-0.86) | (0.73-0.81) |(3.59-14.62) | (0.76-0.90)

0.70 0.10 0.99 0.72 0.75 7.24 0.92
' (0.05-0.16) | (0.97-1.00) | (0.47-0.90) | (0.71-0.79) |(2.63-19.93) | (0.87-0.97)

Validation cohort (Regional hospitals)

0.10 0.94 0.16 0.29 0.88 1.12 0.37
' (0.83-0.99) | (0.11-0.24) | (0.22-0.37) | (0.69-0.97) | (1.01-1.25) | (0.12-1.19)

0.20 0.67 0.57 0.36 0.83 1.56 0.58
' (0.52-0.80) | (0.48-0.65) | (0.26-0.47) | (0.73-0.90) | (1.18-2.05) | (0.38-0.88)

0.30 0.45 0.77 0.42 0.79 1.94 0.72
' (0.31-0.60) | (0.69-0.84) | (0.28-0.56) | (0.71-0.86) | (1.25-3.01) | (0.55-0.94)

0.40 0.37 0.89 0.55 0.79 3.28 0.71
' (0.23-0.52) | (0.82-0.94) | (0.36-0.72) | (0.72-0.86) | (1.80-5.99) | (0.57-0.89)

0.50 0.29 0.93 0.61 0.78 4.25 0.77
' (0.17-0.43) | (0.88-0.97) | (0.39-0.80) | (0.71-0.84) | (1.97-9.20) | (0.64-0.92)

0.60 0.18 0.97 0.69 0.76 6.15 0.84
(0.09-0.32) | (0.93-0.99) | (0.39-0.91) | (0.69-0.83) |(1.98-19.07) | (0.73-0.96)

0.70 0.12 0.99 0.86 0.76 6.41 0.88
(0.05-0.25) | (0.96-1.00) | (0.42-1.00) | (0.69-0.82) |(2.03-132.87)| (0.80-0.98)

Table 3.11
Diagnostic performance of CPM 2 at different cut-off points
in derivation and validation cohorts
Cut-off Sensitivity | Specificity PPV NPV LR (+) LR ()
(95%ClI) | (95%ClI) | 95%CI) | 95%CI) | (95% CI) | (95% CI)
Derivation cohort (CCUH)

0.10 0.94 0.33 0.30 0.95 1.40 0.19
(0.86-0.98) | (0.28-0.39) | (0.24-0.36) | (0.88-0.98) | (1.27-1.55) | (0.08-0.45)

0.20 0.89 0.47 0.34 0.93 1.68 0.24
' (0.80-0.95) | (0.41-0.53) | (0.27-0.40) | (0.88-0.97) | (1.46-1.93) | (0.13-0.45)

0.30 0.64 0.81 0.50 0.88 331 0.45
' (0.52-0.74) | (0.75-0.85) | (0.40-0.60) | (0.83-0.92) | (2.46-4.46) | (0.33-0.60)

0.40 0.31 0.94 0.60 0.82 4.87 0.73
' (0.21-0.43) | (0.90-0.96) | (0.43-0.74) | (0.77-0.86) | (2.77-8.55) | (0.63-0.85)

0.50 0.26 0.94 0.58 0.81 4.64 0.78
' (0.17-0.37) | (0.91-0.97) | (0.41-0.74) | (0.76-0.85) | (2.51-8.57) | (0.68-0.89)

76



Table 3.11 continued

Cut-off Sensitivity | Specificity PPV NPV LR (+) LR ()
(5% ClI) | (95%ClI) | (95%CI) | 95%CI) | (95%CI) | (95% CI)
Derivation cohort (CCUH)
0.60 0.16 0.98 0.68 0.79 7.18 0.86
(0.09-0.26) | (0.95-0.99) | (0.43-0.87) | (0.75-0.84) |(2.82-18.27) | (0.78-0.95)
0.70 0.09 0.99 0.70 0.78 7.73 0.92
(0.04-0.17) | (0.97-1.00) | (0.35-0.93) | (0.73-0.83) |(2.05-29.20) | (0.86-0.99)
Validation cohort (Regional hospitals)
0.96 0.34 0.35 0.96 1.44 0.12
0.10 (0.86-1.00) | (0.26-0.42) | (0.27-0.43) | (0.85-0.99) | (1.26-1.65) | (0.03-0.48)
0.82 0.52 0.38 0.89 1.71 0.35
0.20 (0.68-0.91) | (0.43-0.61) | (0.29-0.49) | (0.79-0.95) | (1.37-2.13) | (0.19-0.65)
0.57 0.79 0.50 0.83 2.73 0.54
0.30 (0.42-0.71) | (0.71-0.86) | (0.36-0.64) | (0.76-0.89) | (1.82-4.12) | (0.39-0.76)
0.41 0.90 0.59 0.81 3.91 0.66
0.40 (0.27-0.56) | (0.83-0.94) | (0.41-0.75) | (0.73-0.87) | (2.15-7.11) | (0.52-0.84)
0.33 0.94 0.67 0.79 5.47 0.72
0.50 (0.20-0.48) | (0.89-0.97) | (0.45-0.84) | (0.72-0.85) |(2.50-11.97) | (0.59-0.87)
0.20 0.96 0.67 0.77 5.47 0.83
0.60 (0.10-0.34) | (0.92-0.99) | (0.38-0.88) | (0.70-0.83) |(1.97-15.20) | (0.71-0.96)
0.16 0.98 0.73 0.76 7.29 0.86
0.70 (0.07-0.30) | (0.94-1.00) | (0.39-0.94) | (0.69-0.82) |(2.02—26.38) | (0.75-0.97)

There was a significant gap between the risk thresholds with an optimal rule-in and rule-
out values for SBI. For CPM 1, a 10 % risk threshold had a sensitivity of 97 % (95 %
Cl1 93-99 %) and negative likelihood ratio 0.23 (95 %CI 0.09-0.63) in derivation population,
while the positive likelihood ratio was low. By contrast, a cut-off of 0.5 was sufficient for
ruling-in SBI (LR (+) (95 %Cl) = 6.23 (3.64-10.65), specificity (95 % CI) = 95 % (93-97 %)),
though with a low sensitivity of 28 % (95 % CI 21-37 %). The sensitivity and specificity at the
low- and high-risk thresholds, respectively, were similar in validation population. Similar gap
was evident for CPM 2, in which the recommended cut-off for ruling out SBI was 0.1, while
a cut-off 0.6 was optimal for ruling-in SBI, which yielded similar sensitivities and specificities
in both cohorts.

3.4.4 Assessment score based on CPM2

To simplify the clinical applicability of the derived CPMs, CPM 2 was chosen as the
superior model according to its AUC in both derivation and validation populations, and
a clinical score was created. The number of points in the score attributed to each variable was
proportional to the regression coefficient, meaning that variables with negative regression
coefficients were given negative points. To avoid negative total result, four points were added
to the total sum of points, thus creating a range of zero to twelve possible points. The variables

and their attributed points in the score are reflected in Table 3.12.
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Clinical score to assess the risk for serious bacterial infection

Table 3.12

Variables Coefficient Points if present Points if absent
Refusal to drink —0.51 -1 0
Tachypnoea 0.85 2 0
Reduced breath sounds 1.48 3 0
Poor peripheral circulation 0.96 2 0
“Gut feeling” 0.64 1 0
“Sense of reassurance” —-1.63 -3 0

Total

Sum of points +4”

*Four points are added to the total sum of points to avoid negative result

The scoring system was subsequently applied to the derivation population and its

performance assessed in validation cohort. The sensitivities, specificities, positive and negative

predictive values, and positive and negative likelihoods at different score cut-off values are
reflected in Table 3.13.

Table 3.13

Diagnostic performance of scoring system based on CPM 2 at different cut-off score values
in derivation and validation cohorts

Cut-off Sensitivity | Specificity PPV NPV LR (+) LR (-)
(95%ClI) | (95%CI) | (95%CI) | 95%CI) | (5%Cl) | (95%CI)
Derivation cohort (CCUH)

> 1 point 0.99 0.10 0.28 0.96 1.09 0.13

- (0.93-1.00) | (0.065-0.14) | (0.24-0.26) | (0.78-1.00) | (1.04-1.15) | (0.02—0.92)

> 2 points 0.94 0.33 0.30 0.95 1.40 0.19

- (0.86-0.98) | (0.27-0.39) | (0.28-0.32) | (0.88-0.98) | (1.26-1.54) | (0.08-0.45)

> 3 points 0.94 0.33 0.30 0.95 1.40 0.19

- (0.86-0.98) | (0.28-0.39) | (0.28-0.32) | (0.88-0.98) | (1.27-1.55) | (0.08-0.45)

> 4 points 0.89 0.47 0.34 0.93 1.68 0.24

- (0.80-0.95) | (0.41-0.53) | (0.31-0.37) | (0.88-0.96) | (1.46-1.93) | (0.13-0.45)

> 5 points 0.65 0.79 0.48 0.88 3.08 0.44

- (0.54-0.75) | (0.73-0.84) | (0.41-0.55) | (0.85-0.91) | (2.32-4.08) | (0.33-0.60)

> 6 points 0.41 0.91 0.60 0.84 4.75 0.64

- (0.30-0.53) | (0.87-0.94) | (0.47-0.70) | (0.81-0.86) | (2.97-7.60) | (0.53-0.78)

> 7 points 0.26 0.94 0.58 0.81 4.64 0.78

~ (0.17-0.37) | (0.91-0.97) | (0.43-0.72) | (0.79-0.83) | (2.51-8.57) | (0.68—0.89)

> 8 points 0.16 0.98 0.68 0.80 7.18 0.86

- (0.09-0.26) | (0.95-0.99) | (0.46-0.85) | (0.79-0.81) | (2.82-18.27) | (0.78-0.95)

> 9 points 0.09 0.99 0.70 0.78 7.73 0.92

~ (0.04-0.17) | (0.97-1.00) | (0.38-0.90) | (0.77-0.79) | (2.05-29.20) | (0.86-0.99)

Validation cohort (Regional hospitals)

> 1 point 0.98 0.10 0.28 0.93 1.08 0.21

- (0.89-1.00) | (0.05-0.16) | (0.27-0.30) | (0.64-0.99) | (1.01-1.16) | (0.03-1.57)

> 2 points 0.96 0.33 0.34 0.96 1.43 0.12

- (0.86-1.00) | (0.25-0.41) | (0.31-0.37) | (0.85-0.99) | (1.25-1.63) | (0.03-0.49)

> 3 points 0.96 0.34 0.35 0.98 1.44 0.12

- (0.86-1.00) | (0.26-0.42) | (0.32-0.38) | (0.85-0.99) | (1.26-1.65) | (0.03-0.48)
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Table 3.13 continued

Cut-off Sensitivity | Specificity PPV NPV LR (+) LR ()
(5% ClI) | (95%CI) | (95%CI) | (95%CI) | (95%CIl) | (95% CI)
Validation cohort (Regional hospitals)

> 4 points 0.82 0.51 0.38 0.89 1.68 0.36

- (0.68-0.91) | (0.43-0.60) | (0.33-0.43) | (0.81-0.93) | (1.35-2.10) | (0.19-0.66)

> 5 points 0.61 0.77 0.49 0.84 2.65 0.50

- (0.46-0.75) | (0.69-0.84) | (0.40-0.59) | (0.79-0.89) | (1.81-3.87) | (0.35-0.73)

> 6 points 0.45 0.83 0.49 0.80 2.62 0.67

- (0.31-0.60) | (0.75-0.89) | (0.37-0.61) | (0.76-0.84) | (1.61-4.25) | (0.51-0.87)

> 7 points 0.33 0.93 0.64 0.79 4.86 0.72

~ (0.20-0.48) | (0.88-0.97) | (0.46-0.79) | (0.76-0.82) | (2.30-10.27) | (0.59-0.88)

> 8 points 0.20 0.96 0.67 0.77 5.47 0.83

~ (0.10-0.34) | (0.92-0.99) | (0.42-0.85) | (0.74-0.79) | (1.97-15.20) | (0.71-0.96)

> 9 points 0.16 0.98 0.73 0.76 7.29 0.86

- (0.07-0.30) | (0.94-1.00) | (0.42-0.91) | (0.74-0.78) | (2.02—26.39) | (0.75-0.97)

Basing on the sensitivity, specificity, positive and negative likelihood ratio in derivation

cohort, patients with score value of 3 points or less were stratified in a low-risk category for

SBI, while patients who were assessed as reaching 6 or more points — into high-risk category.

Patients with 4 or 5 points were classified as belonging to the “grey area”. This interpretation

of the score had adequate performance in validation population as well, with equal rule-out

values for low-risk categories, while rule-in threshold for high-risk category in validation

population was higher than in derivation cohort. Considering the goal for the model of reducing

the number of missed cases of SBI, this was viewed as optimal.

As a result, the majority of patients with SBI in derivation cohort were categorized in

either high risk or “grey area” categories, with the expense of missing 11.3 % of SBI patients

(n =9). In validation cohort, 18.5 % of patients with SBI (n = 9) were missed. Approximately

half of the patients without SBI were categorized as low risk in both cohorts, while 8.7 %

(n=23) and 17.2 % (n = 23) of non-SBI patients were assessed as high-risk in derivation and

validation cohorts, respectively. The categorization of patients of derivation and validation

cohorts according to the scoring system is reflected in Table 3.14.

Table 3.14
Interpretation of the clinical score according to outcomes in research
and validation populations.
Research cohort VaI!dation cohort Total*
Points |Interpretation (CCUH) Regional hospitals
Non-SBI SBI Non-SBI SBI Non-SBI SBI
N™ (%) N (%) N (%) N (%) N (%) N (%)
0 26(9.8%) | 1(1.3%) | 13(9.7%) | 1(2.0%) | 39(9.8%) | 2 (1.6 %)
1 | . 61 (23.0%) | 4(5.0%) |31(23.1%)| 1(2.0%) | 92 (23.1%) | 5(3.9%)
g |rowrisk 1(0.4%) | 0(0.0%) | 1(0.7%) | 0(0.0%) | 2(0.5%) | 0(0.0%)
3 37 (14.0%) | 4 (5.0%) (24 (17.9%)| 7 (14.3%) | 61 (15.3 %) | 11 (8.5 %)
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Table 3.14 continued

Research cohort VaI!dation cor_]ort Total*
Points |Interpretation (CCUH) Regional hospitals

Non-SBI SBI Non-SBI SBI Non-SBI SBI

N™ (%) N (%) N (%) N (%) N (%) N (%)
4 Grey area” 84 (31.7 %) |19 (23.8 %) |34 (25.4 %) |10 (20.4 %)|118 (29.6 %) |29 (22.5 %)
5 33 (12.5%) |19 (23.8 %)| 8 (6.0 %) | 8 (16.3 %) | 41 (10.3 %) |27 (20.9 %)
6 8 (3.0%) |12 (15.0%)|14 (10.4%)| 6 (12.2 %) | 22 (5.5 %) |18 (14.0 %)
7 9(3.4%) |8(10.0%) | 4(3.0%) [6(12.2.%)| 13 (3.3%) |14 (10.9 %)
8 High risk 3(1.1%) | 6(7.5%) | 2(1.5%) | 2(4.1%) | 5(1.3%) | 8(6.2%)
9 3(1.1%) | 0(0.0%) | 3(2.2%) |5(10.2%)| 6(1.5%) | 5(3.9%)
10 0(0.0%) | 7(88%) | 0(0.0%) | 2(4.1%) | 0(0.0%) | 9(7.0%)
11 0(0.0%) | 0(0.0%) | 0(0.0%) | 1(2.0%) | 0(0.0%) | 1(0.8%)

* The total number of patients represents the combination of patients in research and validation cohorts.
** Patients with missing values in any of the parameters are excluded from analysis in this Table.

Figure 3.5 illustrates the distribution of patients with and without SBI between the

different risk categories in derivation and validation cohorts. The composition of low risk, “grey

area” and high-risk categories in each cohort is shown in Figure 3.6.

Non-SBI (Regional hospitals) |

SBI (Regional hospitals) |

Non-SBI (CCUH) |

SBI (CCUH)

47,2% [ 44,2%
51,5% | 31,3%
[11,3%] 47,5%
18,4% | 36,7%
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
OLlow risk [E"Greyarea" M High risk

Figure 3.5 Categorization of patients with and without serious bacterial infection (SBI)
in derivation and validation cohorts according to scoring system based on CPM 2
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Figure 3.6 Composition of patients with and without serious bacterial infection (SBI) within low
risk, “grey area”, and high-risk categories in derivation and validation cohorts

3.5  Analysis of parental perception of fever
3.5.1 Results of the parental questionnaire

Beliefs regarding fever and its management

The question of whether fever itself indicates that the illness is serious was answered by
408 participants (233 in CCUH and 173 in regional hospitals). More than a half of the
participants in both cohorts (56.6 %, n = 231) expressed an opinion that fever itself is indicative
of a serious illness, while 29.7 % (n = 121) of parents stated that other symptoms should be
considered as well. Only 9.1 % of participants (n = 37) thought that fever alone is not indicative
of severity of illness, while 4.3% (n=19) stated that they don’t know the answer. The
differences between the opinions stated by participants enrolled in CCUH and regional

hospitals can be viewed in Figure 3.7.
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Figure 3.7 Parental response to the question: “Does fever itself indicate that
the illness is serious?”

Participants in CCUH more frequently thought that fever does not indicate that the
illness is serious and were more likely to consider other symptoms than participants in regional
hospitals, though the difference was not statistically significant. While number of children in
the family did not significantly affect parental opinion on the question, respondents with
a university degree were less likely to automatically associate fever with serious illness than
respondents without one (OR (95 % CI) = 0.62 (0.42-0.93)), p = 0.02.

The body temperature of the child at which parents usually administered antipyretics
ranged from 37.0 °C to 40 °C, with median of 38 °C. Nearly half of the respondents (48.5 %)
reported giving antipyretics at a body temperature between 38.0 °C and 38.4 °C, while 35.5 %
were giving medication at temperature between 38.5 °C and 38.9 °C and 4.7 % — at 39.0 °C.
Only seven respondents (1.7 %) would allow the temperature to rise above 39 °C, while 9.6 %
stated that they start reducing the child’s body temperature before it reaches 38.0 °C.
Respondents with a university degree would give medication to reduce fever at a higher
temperature (median 38.5 °C) than parents without higher education (median 38 °C), the
difference was statistically significant (W (Wilcoxon statistic) = 23532, p <0.001). The
number of children in the family (one or multiple) did not significantly affect the temperature
at which antipyretics were given, and the practices between respondents in CCUH and regional
hospitals were similar.

The median temperature that parents evaluated as high fever in CCUH, and regional
hospitals alike was 39 °C (range 37.0 °C to 42.0 °C). Most respondents (92.5 %, n = 382)
believed that the child’s body temperature during febrile illness can increase up to a level that

is dangerous to the child’s life. The median temperature believed to be dangerous to the child
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by all respondents together was 39.8 °C (range 37.0 °C to 42.0 °C), though there were
differences between the study sites. While among respondents in CCUH, median temperature
associated with adverse effects was 39.5 °C, parents in regional hospitals mostly regarded fever
above 40 °C as threatening, though the difference was not statistically significant (p = 0.37).
Neither level of education nor the size of the family did not affect parental beliefs on

temperatures regarded as high fever or dangerous to the child (p > 0.05).

Healthcare-seeking behaviour in case of febrile illness in a child

Slightly more than a half of the participants (56.1 %, n = 232) admitted that they seek
medical attention within the first 24 hours after their children become ill with fever (54.4 % of
participants in CCUH (n = 128) and 58.4 % of respondents in regional hospitals (n = 104)). The

time after the onset of febrile illness when parents usually sought help is reflected in Figure 3.8.

1,1%

Regional hospitals 11,4% 15,9% 18,8% 18,8%

CCUH EERY 18,2% 21,6% 21,6%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

BMOtobh MW6tol2h Mm12to24h [O24to48h [E48to72h OLlaterthan 72h

Figure 3.8 Time after the onset of febrile iliness in their child
at which parents usually seek medical attention

Parents of a single child were slightly more likely to seek medical attention within the
first 24 hours than parents of multiple children (65.0 % vs 52.7 %), and the difference was
statistically significant (OR (95 % CI) = 1.67 (1.10 — 2.55); »*> = 5.804; p = 0.016). The median
temperature believed to dangerous was significantly lower for parents seeking help within the
first 24 hours (median 39.5 °C) than for parents who would seek help later (median 40 °C),
(W = 14630, p = 0.016). Similarly, parents who usually sought help on the first day of illness
were also giving their children antipyretics at a lower body temperature (median 38 °C) than
parents who delayed contacting or visiting a doctor (median 38.3 °C) (W = 17381, p = 0.025).
The education level of respondents did not affect the time at which they usually sought help

when their child had fever.
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When asked when they first contacted a doctor during the current febrile episode of the
patient enrolled in the study, 48.6 % of participants (n = 201) did so within the first 24 hours
after the onset of symptoms, and the number of children in the family did not affect the timing
of seeking help, nor did the education level of the parents. The body temperature associated
with adverse effects was lower (median 39.5 °C) among parents who sought help on the first
day than among those who did so later (median 40 °C) (W = 10027, p < 0.001).

The first doctor visited or contacted during the ongoing febrile episode by majority of
participants in both cohorts (67.3 %, n = 278) was a primary care specialist (in 58.6 % of cases
it was the family doctor, 7.7 % contacted the out-of-hours family doctor telephone service,
while 1.0 % of participants visited an out-of-hours primary care doctor). Participants enrolled
in CCUH more commonly were first seen by an ambulance doctor or physician at the hospital
(32.3 %, n = 76) than respondents in regional hospitals, whose children in only 23.6 % of cases

(n = 42) were first examined by these specialists. More details can be viewed in Figure 3.9.

2,2% 5,6%
Regional hospitals ‘ 60,7% s 13,5%  10,1% %
3,0%
CCUH | 57,0% B 191% | 132% 7
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O Family doctor O Out-of-hours telephone service
@ Out-of-hours primary care doctor @ Ambulance

W Hospital Other / Missing

Figure 3.9 First doctor visited or contacted after the onset of symptoms
of the ongoing febrile episode

Of all participants, 387 provided details on timing of their first contact with the doctor
during the current illness of their child (221 participants in CCUH, and 166 in regional
hospitals). In most cases (64.0 %, n = 248), the first attempt of seeking medical attention within
the ongoing episode was made within the normal working hours (8 a.m. to 5 p.m.). In regional
hospitals, 39.8 % of participants (n = 66) first visited or called a doctor outside the normal

working ours, compared to 33.0 % of parents (n = 73) enrolled in CCUH.
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The median temperature believed to be dangerous by participants who sought help
outside the working hours was lower (39.5 °C) than that believed to be harmful by those who
first visited or called the doctor within the working hours (median 39.9 °C), though this
difference was not statistically significant (p = 0.07).

Of all parents who first sought help outside primary care (by calling an ambulance or
visiting hospital), 33.0 % did so within the normal working hours (42.1 % in CCUH and 16.7 %
in regional hospitals). Among parents who first sought help within the normal working hours,
15.7 % (n = 39) chose to call an ambulance or visit a hospital instead of contacting their family
doctors. However, there were marked differences between the cohorts —among parents enrolled
in CCUH, 21.6 % had sought help outside primary care within normal working hours, compared
to only 7.0 % of parents recruited in regional hospitals. The median temperature believed to be
dangerous by parents who sought help outside primary care within normal working hours was
higher (39.65 °C) than that of parents who contacted primary care (39.95 °C), but the difference

was not statistically significant (p > 0.05).

Satisfaction with provided care

Out of patients who first consulted their family doctor prior to visiting hospital ED,
satisfaction with the provided explanation on the nature of illness provided by the doctor at the
ED was higher than with that given by the family doctor in CCUH (OR (95 % CI) = 2.26
(1.02-5.00; 2 = 4.100; p = 0.043) and Regional hospital (OR (95 % CI) = 3.60 (1.11-11.66);
2% =4.980; p = 0.026) cohorts alike. Respondents in regional hospitals were more satisfied with
the information provided at the ED when compared with parents seeking help at CCUH (OR
(95 % CI) = 2.21 (1.34-3.64); > = 9.919; p = 0.002); while the difference in satisfaction with
information provided by family doctor between both cohorts was not statistically significant
(p > 0.05). The satisfaction with the provided explanation by family doctors or hospital
specialists in each cohort is shown in Figure 3.10.
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{a) When provided by the family doctor (b)) When provided by doctor at the hospital
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Figure 3.10 Answer to the question: “Was the explanation on the nature of illness
and reasons for fever satisfactory?”

Similarly, out of parents having consulted family doctors before visiting ED, parental
concern was reduced more effectively after a consultation with the physician at the emergency
department than after the visit or call to the family doctor in CCUH cohort (OR (95 %
Cl) = 4.63 (1.92-11.13); »*>=12.731; p < 0.001), while the difference between the effect of
a consultation by family doctor and of one received at the ED on the level of parental concern
among parents recruited in Regional hospitals was not statistically significant (p > 0.05).
Participants at the regional hospitals evaluated the effect of consultation provided by the family
doctor (OR (95% CI)=1.71 (1.03-2.90); »*=4.368; p=0.037), as well as at ED
(OR (95% CI)=1.75 (1.12-2.73); *=6.051; p =0.014) on their level of concern more
positively than the CCUH cohort. The effect of the consultation on reducing parental anxiety is

shown in Figure 3.11.
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Figure 3.11 Answer to the question: “How did the information provided
by the doctor affect your level of concern about the illness of your child?”

The majority (67.3 %, n = 278) of all participants stated that, when dealing with febrile
illness in their child, they feel safer if the child was brought to the hospital instead of remaining
under the care of their family doctor, 29.4 % (n = 121) were unsure, and only 2.4 % (n = 10)
felt safer when treated by the family doctor (four respondents did not provide an answer to this
guestion).

Most participants (64.4 %, n = 266) evaluated the availability of their family doctor as
“good” or “very good”. The satisfaction was significantly higher among participants in regional
hospitals, where 75.2 % (n = 134) assessed the availability as “good” or “very good”, in contrast
to only 56.2 % (n = 132) when evaluated by the respondents in CCUH (w = 24130, p < 0.001).
Of those who sought medical assessment within the working hours, this evaluation was given
by 62.9 %, while among those who visited or called a doctor outside normal working hours it
was 66.1 %. There was no statistically significant difference in satisfaction with the availability
of family doctor between respondents who first contacted a primary care specialist and those
whose children were assessed for the first time by the clinicians at the ambulance or at the

emergency department of the hospital.
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3.5.2 Results of the qualitative study

Participants

Data saturation for the study was reached after 30 interviews and confirmed after the
next four interviews. The duration of the interview was between 5 minutes and 19 seconds to
22 minutes and 5 seconds, the median duration was 10 minutes. In total, the parents of
34 patients were enrolled, among them were twenty-nine mothers, three fathers, one
grandmother, and in one case both father and mother participated in the interview. The age of
the participants ranged from 22 to 63, the median age was 34 years. Twelve participants were
parents of an only child, eighteen had two children in the family, and four participants had three
children. Most of the participants had higher education (either bachelor’s or master’s degree).
The age of the febrile children with whom the parents had sought help at the Emergency

department ranged from two months to fifteen and a half years.

Main themes
Six main themes (Figure 3.12) emerged from the study, which were: signs causing
concern; beliefs regarding fever; assessment and monitoring of fever; fever management

practices; help-seeking behaviour; and expectations from the healthcare personnel.

Belief: regarding
fever

Assessment and
monitoring of
fever

Signs causing
concern

Caring tor a child
with febrile
illness

Expectations
from healthcare
personnel

Fever
management
practices

Help-seeking
behaviour

Figure 3.12 Main themes emerging from semi-structured interviews
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Signs causing concern
The main factors that raised anxiety and lead to seeking medical help were fever itself,

behavioural changes associated with fever, respiratory symptoms, and pain. The subtheme is

Not responnding
to medication
Stronger than

ever before

further illustrated in Figure 3.13.

Inability to
reduce fever

Frequent
temperature
elevations

Lack of
experience

Fatigue, apathy
Seizure-like
Uninterested in activities
favourite

activities

Signs causing
Breathing

concern
Respiratory
signs
difficulty,

Cough, cyanosis
choking
Rapid
breathing

Figure 3.13 Thematic map of subtheme: Signs causing parental concern

The presence of elevated body temperature and fever was emphasized over other
symptoms as the main reason for parental concern in one third of the cases (n = 11). These
parents mostly expressed an overwhelming sense of duty to reduce the child’s temperature and

expressed anxiety when were not successful (Table 3.15).

Table 3.15

Fever as the cause of parental concern

Interview No 27: “She was shivering [..] The temperature was just getting
higher and higher. | was already tired, I could not go on keeping her cool.

I understood | would not be able to handle that for the second night in a row.”
/Anxiety over frequent |Interview No 26: “In her case | feel anxious when her temperature is above
elevations in body 38 °C. If the temperature reaches that every 8 hours, | am very anxious,
temperature but if it happens every 6 hours then | am panicking.”

Interview No 18: “This is my first child, his first illness. The culmination of
everything was when his temperature reached 38.8 degrees. That is when

| understood that we need to go to the hospital.”

Anxiety over inability
to reduce fever

Inexperience with
febrile illness in a child

Behavioural changes, such as fatigue, apathy, not getting up from the bed, refusal to drink,
loss of interest in favourite activities, crying, were identified as the main cause for concern in
about one third of parents (Table 3.16). Two parents were alarmed by witnessing seizure-like

activities.
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Table 3.16

Behavioural changes during fever causing parental anxiety

Fatigue, apathy

Interview No 7: “He was just lying in bed and did not want to do anything.
He started to complain about feeling very unwell.”

Interview No 12: “She became very tired, did not want to do anything,
started to cry. She was not active and was drinking less than usual.”

Loss of interest in
favourite activities

Interview No 30: “She was lying in bed the whole time, was not playing.
She was unable to go to bathroom as she was not strong enough. She didn’t
want to watch cartoons...”

Seizure-like activities

Interview No 19: “His arm started to shake, and one of the eyes closed...”
Interview No 31: “His body was jerking for a moment, the eyes seemed to

roll to the other side...”

Some patients got concerned when noticing respiratory symptoms in their febrile child, such as

cough, runny nose, rapid breathing, difficulty breathing, “choking”, and cyanosis (Table 3.17).

Table 3.17

Most common respiratory signs causing parental anxiety

Cough, choking

Interview No 6: “His nose was very runny, even from the mouth... He was
coughing horribly. I think, when there is cough and high temperature, it
means inflammation.”

Interview No 1: “She had an awful cough, I thought she was choking...”

Rapid breathing

Interview No 25: .. .even during sleep, his heart rate and breathing was
changed...”

Breathing difficulty,
Cyanosis

Interview No 8: “He was breathing unevenly, his lips got blue when the
temperature got high.”

Pain was the most alarming sign noted by six of the participants. The concern of these

parents was raised by pain that did not respond to medication, pain that was stronger than in the

child’s previous experience, and when child had pain in an unusual site (Table 3.18).

Table 3.18

Pain as the reason for parental concern

Pain not responding to
medication

Interview No 34: “My child was screaming from pain; her tummy was
aching. We gave some medicine, but it didn’t get better, it only got worse.”

Pain stronger than ever
before

Interview No 22: “He has had headache before, but not this strong, and not
at just 37 °C...”

Interview No 20: “I thought I could not wait any longer, her condition
iseemed very serious...she did not want to eat, did not want to drink, she was
just complaining that her leg hurts, with tears in her eyes.”

Pain at an unusual site

Interview No 30: “My daughter had been complaining about stomach ache
for a couple of days, I thought she had just eaten something [wrong], and
just gave her some medicine. But a couple of days later she developed high
temperature. Her back was aching so that she could not sit up.”
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Other signs that were mentioned by a few parents as the main concerns were sudden
swelling of one of the extremities, vomiting, diarrhoea, skin rash, and fever with no apparent

cause.

Beliefs regarding fever
The study participants expressed diverse opinions on whether fever was protective of or

facilitating the progress of the illness. Main parental opinions are illustrated in Figure 3.14.

Beliefs
regarding fever

Excellent mdicator
for fighting the
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Beneficial to some
extent, harmful if too

high
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to fight infection
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Injury of various
organ systems

Injury to the
nervous system

Injury to the
lungs

Figure 3.14 Thematic map of subtheme: Parental beliefs regarding fever

Some parents agreed that fever is helping the organism to fight against the pathogens:

Interview No 27:

“[Fever] is an excellent indicator that the body is fighting, that the immune system is
fighting the infection, the virus. The change in body temperature shows if the body can handle
the infection on its own, or if help from outside is needed.”

However, in most cases the parents believed that fever is beneficial to fighting infection
only to some extent:

Interview No 15: “Elevated temperature is a sign that the organism is fighting the
infection, either a virus or something else. But if it is higher than 38 °C, the body cannot deal
with it. The organs can’t function at such a high temperature, it’s just extra work...”

Interview No 22: “At 37 to 38 °C the body fights viruses and bacteria. But if it is above
39 °C, the body can’t handle it on its own.”
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In contrast, some other parents believed that fever reduces the ability to fight infection
due to dehydration and overheating:

Interview No 6: “Because of high temperature, the water disappears from the body. Just
like when you heat water in a teapot. Then the person urinates less. The less urine, the less
microorganisms are excreted from the body. Fever above 38.5 °C is dangerous.”

Interview No 16: “Immunity rapidly worsens. It is dangerous for the organs, for the
brain. They can burn, cease to work. As | understand, it is very dangerous.”.

Plenty of harmful effects were attributed to fever by almost all respondents. Along with
dehydration and possibility of seizures, it was believed to cause injuries to nervous system,
kidneys, the brain, other internal organs, and some parents even believed it could lead to death
(Table 3.19).

Table 3.19
Detrimental effects attributed to fever

Injury to the nervous Interview No 13: “...brain cells die. There can be seizures, irreversible
system effects on the body. | know it is dangerous...”

Interview No 32: “Those little lungs just burn [..] there is a risk for

Injury to the lungs a stroke...”.

Interview No 11: “I don't ever let the temperature to get above 38 °C.
Injury to multiple organ |l am scared of the complications. High temperature can cause loss of
systems consciousness, the breathing can stop, there can be skin rash, diarrhoea,
dehydration...”

Interview No 25: “The water disappears. It can lead to death of the
child. I have had experience, when, wrapped and bundled, the child just
Death burns. Heart rate and breathing rate increases. Oxygen loss is possible.
High temperature is a side effect of an illness. It fights it when it is
around 37 to 38 °C. When it is higher than 42 °C, the child dies.”

Assessment and monitoring fever
The most common assessment and monitoring strategies emerging from parental

interviews are illustrated in Figure 3.15.
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Figure 3.15 Thematic map of subtheme: Assessment and monitoring of fever

Most of the participants measured their child’s temperature for the first time in a febrile
episode whenever the child felt hot to touch. Later, when assessing the child again, most
commonly in order to evaluate the effects of antipyretics, the strategies varied.

Around one third of parents (n = 12) went on to reassess the temperature of the child
only when they subjectively felt that the child has a high temperature again:

Interview No 1: “You can feel everything when you take a child in your lap. Especially
if it is a baby. You can feel the fever when the child is hot.”

Interview No 17: “I can already see when the child has a fever. After | gave medication,
four hours later my daughter said she was feeling cold. | remeasured the temperature, it was
high. My doctor told me to measure the temperature every 4 hours. If | feel the temperature is
rising, I measure it, if not, [ don’t.”.

Other parents measured their child’s temperature according to some sort of schedule.
Mostly they reassessed the temperature around one hour after antipyretics, and later according
to the frequency of re-evaluation varied from once in six hours to once in every 15 minutes.

Interview No 19: “After giving medication, | measure the temperature every 30 minutes.
When the temperature gets lower, | measure every 2 to 3 hours.”.

Interview No 14: “At the beginning | measure it every 20 minutes. If the temperature is
high, I measure every 10 to 15 minutes the whole day. When it gets lower, | measure it every

hour.”
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Most commonly, axillary temperature was measured by using either alcohol or mercury-
in-glass thermometers, from which the later was more popular. Some parents used electronic
thermometers to measure the temperature on the forehead or behind the ear, but generally they
were not trusted as much as the axillary thermometers:

Interview No 10: “We have a digital thermometer to check the temperature on the
forehead. But I don t trust it very much. That is why | sometimes recheck it with a mercury

thermometer.”

Fever management practices
The main findings in fever management practices among the interviewed parents are

summarized in Figure 3.16.

Fever management

practices

Use of antipyretic
medication according to
instructions

Alternative methods for
reducing fever

Variable temperatures at
which antipyretics were
used

Homeopathic medicie

Rubbing with alcohol /
lemon water / vinegar
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cold bath

Figure 3.16 Thematic map of subtheme: Fever management practices

Ibuprofen and Paracetamol were used by almost all the parents to reduce the temperature
in their child. There seemed to be no preference to either one of these. The parents generally
followed the instructions on the packaging as well as those given by their doctors. None of the
parents gave both drugs simultaneously, and 4-to-6-hour breaks between medication were
almost always observed. If one of the antipyretic agents seemed to be ineffective and the
temperature rose before 4 to 6 hours, the other agent was used.

Eighteen respondents gave medication when the temperature of the child was between
38 and 38.4 °C, and nine parents gave it when the temperature was between 38.5 and 38.9 °C.
Only two parents allowed the temperature to rise above 39 °C. There were five parents who
administered antipyretics when the temperature was just 37.2 to 37.9 degrees high.

Interview No 4: “Usually | give Paracetamol, if the temperature is very high, also at
night, so that he would sleep better. Even if the temperature is just 37.5 °C. During the day if
the temperature is higher than 38 °C...”
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Alternative ways to reduce body temperature were used by most of the participants,
which included undressing the child, application with wet towel or cloth, rubbing with alcohol,
lemon water, or diluted vinegar, and cold bath.

Interview No 5: “Wet towels on the forehead, on the belly, groins, and under knees. Rub
with lemon water. | know that rubbing with alcohol or diluted vinegar is not allowed.”

Interview No 9: “l undress my child and then rub him with diluted vinegar.”

Interview No 12: “I apply a wet cloth (from cold water) on the forehead and the right
side of the tummy. Some are helped by rubbing vodka on the skin.”

Only one respondent saw these methods as unacceptable and only relied on medication.
One parent used homeopathic medicine along with antipyretics.

Help-seeking behaviour

Figure 3.17 summarizes the main parental views on seeking help during a febrile illness
in their child.

Help-seeking
behaviour

Seeking family -
doctor first -
Who to
When to look
) consult for —
- for help —
Out-of-hours ~ help After a number
primary care 7 / N of days

| / “

/ | ‘[
Hospital / | ./ At once (when
skipping primary ‘ / the fever starts)
care
No improvement
Family, friends

Figure 3.17 Thematic map of subtheme: Help-seeking behaviour

after initial
freatment at home

When needing advice on how to manage the child’s illness, most parents first turned to
their family doctors. If the family doctors were unavailable, some consulted the out-of-hours
family doctor call centre, but some parents admitted they would skip the family doctor and go
to the hospital as it was more convenient:

Interview No 8: “At the beginning, we try to deal with it on our own. If we can’t, we go
to the hospital. We always have to wait for the visit to our family doctor, like four days for an

appointment. We could go during the “acute hour”, but then there are many sick children there
and my child might catch something new...”
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Some parents would consult their family members, friends, and acquaintances with
medical education for advice before seeking help at their dedicated family doctor:

Interview No 1: “Usually I see what I can do myself, I've got some experience. Then my
wife would call her mother, to get advice from her point of view. The family doctor won't tell
anything new...”

Interview No 27: “At first | would seek the advice of my relatives who have some
connection with medicine. We have a very good homeopathy specialist, sometimes we turn to
him. Our family doctor would be the last one to consult, in my opinion that’s just paperwork.”

The reasons for seeking medical help were similar to the features that caused anxiety in
the parents, which were high fever, behavioural changes, severe cough, and other sighs, such
as changes in skin colour, vomiting, blood in stool, etc. Many parents sought help when they
found it hard to reduce the temperature of the child, or saw no improvement after initial
treatment at home:

Interview No 15: “/we seek help] when the child has high temperature that won't get
down. When the child has difficulty breathing, weak, changed behaviour that does not improve
after giving medication.”

The amount of time the parents chose to wait before consulting a medic varied amongst
the participants. A few would consult a doctor straight away:

Interview No 13: “If my child has temperature, | call the doctor straight away. | try to
do that as soon as I can. He needs to come and take a look. He sees what I can’t see!”

Most parents would wait for a number of days and then decide if they need medical help
from a doctor:

Interview No 22: “If the temperature is under control, | usually wait for two to three
days...”

While some felt very confident and would wait for longer:

Interview No 27: “Actually I am quite a tough mother, in my opinion. 38 to 38.5 °C is
nothing, I think. I would not consult a doctor for at least 3 to 5 days. | have gathered quite a lot

of information, if something is not typical, then I would seek help...”
Expectations from healthcare personnel

Parents expected medical personnel to meet their child’s medical needs, their own

informational needs, and their emotional needs (see Figure 3.18).
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Figure 3.18 Thematic map of subtheme: Expectations from healthcare personnel

The general expectations from the medical personnel were usually the same by all
parents, which were: accurate diagnosis, rapid medical help, and stabilization of the condition
of the child, prescription of medication that would help. None of the parents expected
prescription of antibiotics regardless of diagnosis, one parent expressed dissatisfaction when
she felt her doctor prescribed antibiotics just because she felt the doctor didn’t know what to
do. Six parents emphasized the necessity of performing blood tests and other tests to confirm
the diagnosis:

Interview No 22: “I want to know the diagnosis, what we are treating my child for. But
blood tests must also be taken. The same goes to the family doctor, because, of course, full
diagnostics will be performed in the hospital, all blood tests will be taken.”

Interview No 24: “If I'm in a hospital, I want investigations, blood tests [for my child],
to be 100 % sure that she is going to be ok.”

Three parents emphasized the need for intravenous fluids as they believed it would help
to reduce fever and improve the condition of the child.

Meeting the emotional and information needs of the parents were emphasized as equally
important to meeting the child’s medical needs. Parents wanted to know the precise diagnosis,
to understand why the child had the symptoms they had, how to manage their child’s illness at
home, and what to look for to decide if the condition has become more serious.

Interview No 12: “Our family doctor explains things very well. She gives logical
explanations, and even draws schemes if necessary. | am very satisfied.”

Interview No 14: “If they tell me the diagnosis, they have my trust. But not that it’s just

a virus, that doesn’t calm me down at all...”
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Parents expressed the need for the doctor to provide emotional support, to show empathy
and understand their concerns, and take their opinion into account. The respondents exhibited
appreciation when the doctor had provided that, but disapproval when their emotional needs
were not met:

Interview No 32: “I expect not only management of the consequences, but also insight
in the depth of the problem. Emotional support, to calm me down. I haven’t exactly cried, but
sometimes my hands were shaking when I have been very anxious... for somebody to come and
tell me that everything is going to be all right...”

Interview No 25: “In that moment | am hurting for my child, I feel his pain. | want the
doctor to understand me, to see my child as their own...”

One parent shared a previous experience when she was concerned for the child, but her
concerns were not adequately considered:

Interview No 17: “Once my eldest daughter had cough, her face was grey, and it was
difficult for her to breathe. I called the ambulance, they told me it’s nothing, but I said: I feel
that it is very difficult for her to breathe. We came to the hospital, and it turned out she had
bilateral pneumonia, we spent three weeks there...”

Overall, the prevailing beliefs about fever and the resulting management practices show
that there is a need for proactive parental education programmes to clarify the misconceptions
about fever and provide information on how to evaluate the condition of their child, when to

give antipyretics, and when the intervention of medical professionals is necessary.
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4 Discussion

Pre-laboratory recognition of serious bacterial infection in case of febrile illness is
a challenge to healthcare professionals. Over the last two decades, several research studies have
been dedicated to identifying clinical features strongly associated with SBI, as well as
derivation of prediction models, with varying success in different patient populations ranging
from primary care to emergency departments. This thesis describes the first study so far that, in
addition to clinical features, assesses the value of “gut feeling” and parental concern for
prediction of SBI in febrile children presenting to ED. Furthermore, one of the derived and
validated clinical prediction models is the first to integrate clinical features with variables of
non-analytical reasoning for use in ED.

While some of the results in this thesis resemble the findings of previous studies in the
field, some key differences were identified in terms of clinical features associated with SBI, as
well as the prognostic value of “gut feeling” and parental concern in ED compared to primary

care.

4.1 Clinical features associated with SBI

The study showed limited diagnostic power of clinical features when analysed
separately. Only one of the assessed clinical variables, arterial hypotension, had a sufficient
rule-in value for SBI. This finding is supported by other studies that identify hypotension as
a potential “red flag” for serious illness or septic shock [22, 134, 135, 153]. However, in
paediatric population, hypotension is considered a delayed sign for severe sepsis or septic
shock, [23], thus the assessment of possible sepsis should be based on tachycardia, tachypnoea,
prolonged capillary refill, and altered mental state instead. These latter variables were not
significantly predictive of SBI in this study (LR (+) <5) when analysed separately, though
tachypnoea and poor peripheral circulation were selected as useful variables for both derived
CPMs. No strong association between tachycardia on admission and SBI was found, which is
contrary to other studies [15, 216].

Clinical impression of ill / toxic appearance was not significantly predictive of SBI in
bivariate analysis, though it was identified as the key variable in CPM 1. It was also found to
be the strongest variable triggering “gut feeling”. Strong association between ill appearance and
serious illness has been found in studies in both primary care [38] and hospital EDs [14, 28,
32, 143].
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The study did not find an association between fever above 40 °C and SBI. Very high
body temperature has been identified as one of the red flags in other prediction models [10, 15,
145], though in studies of populations with higher prevalence of SBI it provides little diagnostic
value [145]. Increased body temperature was identified as a trigger for parental concern, while
no association with eliciting “gut feeling” was found.

Surprisingly, refusal to drink and irritability decreased the likelihood of SBI, both when
analysed separately and when included in CPMs. This contradicts the findings of another study
of febrile children presenting to ED in North of England [92], where poor feeding and
restlessness were associated with increased risk for SBI. The study included patients with
similar age range (0 to 16 years) but had a broader definition of serious illness, also including
aseptic meningitis, and the study period excluded winter / spring months, which is the peak
period for several viral illnesses such as influenza. It may be speculated that, as around half of
febrile patients in CCUH are self-referred [294], this factor may have been one of the reasons
for presenting to hospital even for a child with a self-limiting illness, due to availability of
intravenous rehydration. However, the role of selection bias in these findings should not be
underestimated, as the parents of children requiring prolonged observation and treatment,
including intravenous rehydration, were more prone to consent to participation in this study.

The study showed that combining clinical features together in clinical prediction
models, especially when integrated with variables of non-analytical reasoning, was more
effective in recognizing children with potential SBI than considering their diagnostic value

separately.

4.2 Non-analytical diagnostic reasoning

In accordance with the second hypothesis of this thesis, the variables of non-analytical
reasoning, defined as “gut feeling” of something being wrong, or “sense of reassurance” in the
study, provided added value in diagnosis of SBI in febrile children, as “gut feeling” of serious
illness was associated with SBI and replaced the impression of ““ill / toxic appearance” in CPM
2, which had a superior performance to the model without the non-analytical variables.
However, the rule-in value of “gut feeling” as a separate variable was limited, which is contrary
to the first hypothesis of thesis, while “sense of reassurance” was significantly predictive of
absence of SBI, both when analysed separately and when integrated in a clinical prediction
model.

Though “ill / toxic” appearance was one of the main triggers for “gut feeling” of
something being wrong, the latter had higher sensitivity, and, when expressed by more
experienced paediatrician, it had higher specificity as well. The superiority of “gut feeling” over
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clinical impression in predicting SBI in children is supported by another study in primary care,
in which the specificity of “gut feeling” was markedly higher than clinical impression of ill
appearance [38]. Contrary to the findings of a study in primary care [38], parental concern was
not the strongest factor eliciting “gut feeling” in clinicians in derivation cohort, though an
association between parental concern and “gut feeling” was found.

Many of the other identified triggers for “gut feeling” in this study were clinical features
that have been identified as “red flags” for SBI in previous Systematic reviews [22, 145] and
clinical guidelines [2, 23]. In a systematic review published in 2010, the diagnostic value of
“out feeling” (assessed in primary care) was superior to that of many of other identified “red
flag” signs [22]. This suggests that “gut feeling”, though an intuitive process, may be based on
subconscious integration of objective variables, together with other factors such as changed
behaviour, which, as a result, allows the clinician to perceive the clinical situation, as described
by Gestalt theory, as “an organized whole, which is more than a sum of its parts” [231]. While
the classic definition of “gut feeling” implies that the clinician may be unsure of the reasons
they are experiencing a “sense of alarm” [38, 252], qualitative studies in primary care and
hospital settings show awareness of healthcare specialists that their intuitive feelings arise from
the combination of appearance, behaviour, as well as clinical signs shown by the patient, and,
with time, these experiences become automatic rather than systematic [228, 239, 243, 247, 252,
258, 305]. These studies show that “gut feeling” often arises when a clinical situation “falls out
of a pattern” between what is seen in a patient and what is expected [228, 253, 258, 266, 305].

The diagnostic value of “gut feeling” for SBI in acutely ill children prior to this study
has only been assessed in studies in primary care [10, 38], in which it has shown high predictive
value for SBI and was identified as the most important variable in a decision tree for detection
of SBI. The diagnostic value of “gut feeling” in this study was significantly lower than what
was found in these primary care studies. This may be affected by lack of continuity of care,
which makes it impossible to distinguish abnormal behaviour or appearance from the one
natural for the patient in a state of well-being or non-serious illness. Continuity of care and prior
knowledge of the patient is said to be a determining factor of being able to recognize that
“something does not fit in” [40, 239, 243]. However, more factors could affect the difference
in diagnostic value of “gut feeling” in hospital environment and emergency departments,
therefore more studies in this field are necessary.

Contrary to the findings of the Belgian primary care study [38] in which level of
experience did not significantly affect the diagnostic value of “gut feeling”, this study showed
higher accuracy of both “gut feeling” for prediction of SBI and “sense of reassurance” for

prediction of absence of SBI when these intuitive feelings were expressed by more experienced
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paediatricians. However, another study on the ability to recognize cancer in primary care
showed increased diagnostic performance with more experience [267], and several qualitative
studies show that clinicians with longer work experience show higher confidence in their
intuition [37, 241, 243, 247, 266].

This is by far the first study to assess the predictive role of “sense of reassurance”, which
was found to be significantly predictive of absence of SBI, and markedly decreased the
probability of SBI when integrated in CPM 2 and the clinical score based on the model.
Similarly, to “gut feeling” of something being wrong, it was evident that experience of clinician

affected the diagnostic accuracy of this variable.

4.3  Performance of clinical prediction models

The CPMs derived in the study had moderate ability to predict SBI in febrile children
presenting to ED. The performance of CPM 2, which included the clinician’s intuitive “gut
feeling” and “sense of reassurance”, was superior to CPM 1, which was based on clinical
features alone. CPM 2 required data on fewer clinical variables, and at a cut-off with the highest
possible sensitivity and specificity set by Youden index could accurately predict the outcome
in more than three quarters of cases. Both models showed slight, but acceptable decrease in
performance in validation population.

Application of both models to derivation and validation populations still resulted in an
overlap of patients with and without SBI near the cut-off with the highest possible sensitivity
and specificity. Therefore, a scoring system from CPM 2, the superior model, was derived,
leading to better identification of patients in the “grey area” and reduced the number of patients
who would otherwise be segregated into a low-risk category.

Several clinical prediction models for recognition of SBI in febrile children have been
proposed. The models with the most accurate ability to distinguish between SBI and non-SBI
and with the best performance in validation studies are those containing laboratory markers in
addition to clinical signs and symptoms [14, 16, 28, 30, 34, 35, 224]. Not surprisingly, the
diagnostic value of these prediction models was also superior to CPM 1 and CPM 2, which did
not include laboratory variables. Nevertheless, the main goal of the study was to create
a screening tool for selecting patients with increased risk of SBI and thus requiring further
investigation. Therefore, we a priori decided to exclude any laboratory variables from our
CPMs.

When compared to other prediction rules for serious infection in febrile children that are
based on clinical parameters alone [10, 12, 15, 17], CPM 1 and CPM 2 show similar diagnostic
performance in derivation cohort, and better performance when prospectively validated
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externally. A clinical prediction rule for SBI in young children with fever without source
presenting to ED developed by Bleeker et al [17] including variables such as duration of fever,
temperature above 40 °C or below 36.7 °C, vomiting, age above one year, chest wall retractions
and / or tachypnoea, and poor peripheral circulation, and absence of poor micturition had a
ROC area under curve of 0.75 (0.68-0.83), which is similar to that of CPM 1 and CPM 2.
However, the clinical model did not perform equally well when externally validated, yielding
AUC of only 0.60 (0.49-0.70) in validation cohort [28]. An updated version including ill
clinical appearance increased the AUC to 0.69 (0.63-0.75) in derivation population, and to 0.65
(0.62-0.67) when validated in an external dataset, though in primary care [221]. Similarly,
another clinical score developed by Brent et al [12] based on 8 clinical variables showing
moderate ability to predict SBI (AUC 0.77 (0.71-0.83)) did not perform equally well when
validated in external datasets [34].

There have also been attempts to validate prediction models derived from primary care
to settings similar to ED, for example, decision tree developed by van den Bruel et al [10],
derived from a prospective study in primary care, including “gut feeling” that “something is
wrong”, dyspnoea, temperature above 39.95 °C, diarrhoea, and age, showed high sensitivity
(96.8 %) and specificity (88.5 %). However, validation studies of the decision tree revealed
poorer performance in ED settings [34, 99], with AUC ranging between 0.53 and 0.56 in febrile
infants [34].

4.4 Role of parental concern and fever-related anxiety

In this study, the rule-in value of parental concern for diagnosis of SBI was poor, though
it was more commonly expressed by the parents of children who were diagnosed with SBI. This
contradicts the findings of studies in primary care [10, 22], where parental concern was strongly
predictive of SBI, and was an important variable in decision trees for prediction of pneumonia,
sepsis / meningitis, and other SBIs. This can be due to the definition of parental concern as the
illness being different (more severe) than the child’s previous illnesses. This definition was
derived from a qualitative study in primary care [41] and may not be applicable to emergency
departments and tertiary hospitals, to which the child is referred to in cases of more severe
ilinesses than have been managed in primary care.

Though both interview study and questionnaire results showed that parental concern
was affected by behavioural, respiratory, and other signs in their child during febrile illness, the
anxiety related to fever played an important role in their level of concern. Increased body
temperature was identified as one of the main triggers for parental concern. The interview study
showed that, although some parents saw mild fever as beneficial to fighting the infection, the
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general opinion was that high fever is very dangerous to the child. According to the
questionnaire results, most parents believed that fever itself is indicative of serious illness, and
that the child’s body temperature can increase to a level that could possibly endanger the child’s
life.

Several misconceptions regarding the possible negative effects of fever were found
among the participants in the interviews, such as seizures, injury to the brain, kidneys, lungs,
other organs, and even death. Very similar beliefs have been described as characteristic to
parents across different countries and cultures [44, 48, 50, 273, 277, 278, 280, 283, 284,
306-308], and have prevailed for decades [42, 43, 273]. The median temperatures considered
dangerous were relatively high in the study population, which is similar to findings of other
studies [309, 310], though, not uniquely [287], some parents regarded temperature as low as
38.0°C, or even lower, as dangerous to the child.

Due to the perceived threat caused by fever, the participants in the interview study and
questionnaire showed similar sense of urgency to reduce fever and seek medical attention as
described elsewhere [48, 276, 289]. Many studies show that fever phobia leads to overly
aggressive management practices, including frequent assessment of body temperature, and
uncontrolled administration of antipyretics [42, 43, 273, 277, 281, 283, 310]. Some participants
in the interview study admitted measuring their child’s temperature as often as once in 10 to
15 minutes. No parents, however, admitted to waking their child to measure temperature or give
antipyretics, though one parent confessed of giving antipyretics prophylactically before sleep.

Attempts to reduce the child’s body temperature as soon as it reached 38 °C were
common among the study participants. Some parents (9.6 %) would even give antipyretics
before the temperature reached 38.0 °C. These practices contradict the advice given in several
evidence-based guidelines [24, 25, 210, 311], which state that antipyretics are not always
necessary in case of fever and should be reserved for cases when the child is feeling significant
discomfort. However, the low threshold of giving medication to reduce fever is not unique to
parents in Latvia, as other studies in the United States, Israel, Australia, Italy [43, 48, 310,
312-314], where the proportion of parents giving antipyretics before the temperature reached
38 °C ranged from 2 % to more than a half. Non-pharmaceutical methods for reducing fever
like applications of cold towels, cold bath, rubbing with alcohol, etc, were also reported by
participants in the interviews. These practices, although still observed worldwide [45, 50, 273,
280, 281, 284, 315], are not recommended [2].

Fever is one of the main reasons for seeking healthcare specialists after hours [43, 286],
even though many of these consultations are non-urgent and should be managed in primary

care. The study confirmed that beliefs on fever affected the healthcare seeking behavior of the
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study participants — parents who believed that lower temperatures are dangerous to a child were
more likely to contact a doctor earlier and outside normal working hours. Also, parents who
usually sought help within the first 24 hours of the onset of febrile illness were used to giving
antipyretics at a lower body temperature than those who believed that a consultation by
a healthcare specialist could be delayed until later.

The study showed that university education was protective against administration of
antipyretics at lower body temperatures, and respondents with higher education less commonly
thought that fever is automatically associated with serious illness. This correlates with findings
in other studies, where low educational and socioeconomic status was associated with higher
levels of fever phobia [44, 288, 307, 310], though some studies have found higher anxiety
among parents with high education level [50] or no influence of education level at all [279].
However, the height of temperature perceived as dangerous was not affected by the level of
education of parents, nor was the timing for seeking medical attention. In previous studies,
having more than one child has been reported to decrease fever-related anxiety and increase the
accuracy of perception of fever [50, 277, 278, 316]. In this study, parents of a single child were
more likely to seek help within the first 24 hours of the illness, whereas no influence of the size
of the family was observed over beliefs regarding fever and temperature at which antipyretics
were administered by parents.

It was evident that the respondents of the questionnaire were generally more satisfied
with explanatory work by doctors at the hospital than what they previously received at their
family doctors. The majority also felt safer in the hospital than under the care of their family
doctors. Approximately two thirds of the participants had sought help in primary care during
the ongoing episode of child’s illness, but sought help at the ED, nevertheless. Though the study
only included patients who eventually visited the ED of a hospital and did not assess the opinion
of patients who were only treated in primary care, this shows that incomplete success of
reducing parental concern on a febrile illness in their child in primary care may lead to them
seeking help elsewhere. Similarly, another study conducted in Tel Aviv revealed that many
parents still had misconceptions about fever despite visiting the general practitioner within
2 days before seeking help at the ED, and the anxiety caused by fever in their child was not
lower than in parents who had not been consulted in primary care prior the visit to ED [48].

The satisfaction levels of parents in CCUH and regional hospitals with provided
information and reassurance were not 100 % after visiting either the family doctor or the
specialist working at the ED, which indicates that communication with parents, including
education on nature and management of febrile illness, needs improvement in both primary care

and hospitals. Previous studies indicate that fever-related anxiety may not be relieved
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effectively even if the primary source of information regarding fever is a healthcare specialist
[273, 277, 317], due to inconsistent and sometimes conflicting information given by clinicians
[273, 287, 317], or perceived disregard for their observations and worries [275, 277, 287, 318].

The expectations from the healthcare personnel revealed by the respondents were
similar to the findings of other studies [275, 277, 288, 319], and showed that providing medical
care and meeting parental informational and emotional needs were equally important to them.
There was no pressure to prescribe antibiotics as described elsewhere [275, 320], instead some
parents felt that blood tests are necessary for establishment of accurate diagnosis, and some
other parents wanted intravenous fluids due to their perceived benefits.

There were marked differences between the study cohorts regarding seeking medical
attention. The participants recruited in regional hospitals were less likely to skip primary care
within normal working hours than the CCUH cohort, their satisfaction with the availability of
family doctor was higher, as was their contentment with provided information and the ability
of the family doctor to reduce their anxiety. Parents in regional hospitals also attributed adverse
effects to higher temperatures than the CCUH, though the habits of administering antipyretics
were similar. Whereas among the parents enrolled CCUH, the evaluation of the availability of
the family doctor was not as high as among parents in regional hospitals, and more parents
turned to ambulance or emergency department without consulting primary care first. Of those
who contacted the family doctor before going to hospital, the evaluation of the communication
with the physician was lower than in the other cohort. The reasons behind this were not
investigated via the short questionnaire, however it can be concluded that, with the aim of
increasing parental confidence and reducing the number of patients visiting the ED for febrile
illness, more emphasis must be placed on improving the quality of support provided in primary

care.

45  Strengths and limitations

The main strengths of this study are prospective enrolment of both derivation and
validation cohorts, and application of uniform case report forms, which enabled the researchers
to collect information on all variables with trustworthy accuracy, without a necessity for proxy
variables. Parental questionnaires and interviews were conducted within a relatively short time
frame from admission to ED, which enabled the parents to closely recall their observations and
feelings regarding the child’s illness. The follow-up strategy maintained throughout the study
prevented loss of significant data, such as patient discharged as non-SBI representing for
developed SBI within the illness episode.
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The models derived in the study were validated internally and externally. There was
a slight decrease in diagnostic performance of both CPM 1 and CPM 2 when applied to
validation cohorts, however a decrease of this magnitude can be expected and does not indicate
overfitting of the model. The models had moderate ability to predict SBI in both derivation and
validation cohorts, even though they were drawn from settings with different level of care
(tertiary vs secondary). It must be noted that patients at increased risk for infection due to
comorbidities (who are more likely to present to tertiary care) were excluded.

This study is not without limitations, which are the following. As informed consent
form a parent or guardian was required for participation in the study, consecutive enrolment
was not possible, and the study samples are relatively small. The number of complete cases
from which CPM 1 was derived met the preferred sample size, while the large number of
missing variables for CPM 2 caused the number of complete cases to be lower than a preferred
sample size. No data were imputed to replace the missing variables, as “gut feeling” and “sense
of reassurance” are based on the intuitive and non-analytical interpretation of the clinical
situation by the doctor, thus replacing the missing values with software-generated imputations
was considered as inappropriate. The prevalence of SBI though is similar in the cohorts used to
develop both models, and the performance of CPM 2 in an independent validation cohort is
close to that in derivation cohort.

In derivation of the clinical prediction models, the level of experience of the clinician
was not taken into account due to complexity in inclusion of such variable in a CPM, though
the bivariate analyses revealed that the diagnostic value of “gut feeling” and “sense of
reassurance” was higher when expressed by senior clinicians as opposed to medical residents.

A selection bias towards sicker children is evident due to requirement by the PERFORM
project to collect blood samples for purposes not related to this particular study, and because
parents spending longer time at the ED were more likely to provide informed consent and
ensure participation of parents in the questionnaire on parental concern. The selection bias is
reflected by the high prevalence of SBI in both cohorts.

The main outcome of the study was presence of SBI, which implies that non-bacterial
serious illnesses such as aseptic meningitis, viral gastroenteritis with dehydration, severe
bronchiolitis with respiratory insufficiency were classified as non-SBI, together with other,
milder illnesses. This was done due to prioritizing screening for patients who might benefit
from early initiation of antimicrobial treatment, while the treatment for the viral serious
illnesses is mostly symptomatic. However, it also means that the model cannot be applied for

screening of all serious illnesses.

107



The heterogeneity of the main outcomes of the study (presence or absence of SBI) is
another limitation of this study, though it is shared with other studies on recognition of serious
illness in febrile / acutely ill children. The infections included in the selected definitions of SBI
affect different organ systems and could manifest with a large spectrum of signs and symptoms,
some more typical in one condition than in another, thus selection of clinical variables that are
useful for identification of all SBIs may be perceived as unreasonable. On the other hand,
focusing on ruling out each one of the outcomes separately is contradictory to the main purpose
of this study, which was to create a single, easily applicable screening model for further
guidance in management of a wide range of patients presenting to ED with fever. It must be
noted though that splitting the outcomes into different subtype categories of SBI, such as
pneumonia, urinary tract infections, bacteraemia, and others, may have resulted in higher
diagnostic accuracy [13, 14].

Assessment of parental beliefs regarding fever and healthcare-seeking behaviour via the
parental questionnaire was also not without limitations. Only patients visiting the emergency
department were enrolled in the study, thus limiting the applicability of the results on the
general population, in which many febrile children are successfully treated in primary care.
Hospital settings were selected with the aim of recruiting patients originating from the capital
and various other regions in Latvia, and to get insight in the reasons why parents choose to visit
the ED in case of febrile illness in their children. Also, the overwhelming majority of the
respondents were mothers, which limits the applicability of the results to fathers and other
guardians. To limit the length of the questionnaire, specific details on the factors associated
with parental anxiety in case of fever in children, as well as on parental experience in
communication with healthcare workers, were omitted. This information was clarified in the
qualitative interviews, though with much more limited study population.

The interview study, as all qualitative interview studies with convenience sampling, is
subject to selection bias. However, as data saturation was reached and confirmed, we believe

that all significant information has been considered.

4.6 Implication in clinical practice and future research
4.6.1 Application and interpretation of clinical prediction models

This study introduces CPM 1 and CPM 2 as externally validated tools to aid
paediatricians and paediatric residents in initial assessment of febrile children presenting to
emergency departments. Like other prediction models, the CPMs derived in this study may help

to recognize patients with a high probability of SBI, and, with the aid of the scoring system
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based on CPM2, to identify patients who are in the uncertain “grey area”, in which SBI and
non-SBI are equally likely. This may be especially useful in directing a more purposeful
investigation process and administration of antibacterial therapy in cases when patients present
at early stages of illness, when any “red flag” signs for a specific illness may be absent. The
advantage of CPM1 and CPM2 is that no laboratory values are required for the risk assessment,
which is convenient for settings with high flow of patients where rapid point-of-care tests are
unavailable.

As a high proportion of patients classified as “high risk” according to the scoring system
based on CPM 2 were diagnosed with SBI, we propose that patients who fall into this section
should receive early antibacterial therapy while waiting for the investigation results to confirm
the diagnosis. Approximately one third of patients with SBI fell in the “grey area”, therefore
additional diagnostic interventions such as laboratory tests, diagnostic imaging, and / or
repeated clinical assessment at a later stage of the disease should be performed to clarify the
diagnosis in patients who are classified in this category, while “watchful waiting” could be
applied to patients whose assessed risk for SBI is low. The CPMs do not overrule any guidelines
for assessment and management of febrile patients in paediatric settings. Other signs and
symptoms associated with SBI and listed as “red” features in NICE “Traffic light system for
identifying risk for serious illness” but not included in the CPMs due to low incidence in
research population, such as cyanosis, petechial rash, meningeal signs, or focal seizures [22,
210], should also be considered.

In summary, this study adds to understanding of how clinician’s subjective review
together with clinical signs can improve recognition of serious illness in paediatric emergency
department. CPM 2 is so far the first prediction rule for SBI in febrile patients presenting to ED
to include variables based on clinician’s non-analytical reasoning. Another example is
Paediatric Observation Priority Score (POPS), a triage tool based on physiological signs and
clinician’s gut feeling intended for assessment of severity of a child’s condition and need for
specialist review / admission when presenting to healthcare with acute illness of infectious or
non-infectious origin [117, 260, 321].

Both CPMs developed in this study have so far only been validated in a small population
of patients presenting to the EDs in hospitals of the same country. External validation in EDs
in different countries, preferably in large patient populations with consecutive enrolment, and
in settings with lower prevalence of SBIs, such as secondary or primary care, should be
performed for reliable assessment of the applicability of the models to various patient

populations.
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4.6.2 Clinical relevance of “gut feeling” of something being wrong

and “sense of reassurance”

Though specialists tend to be cautious with relying on their intuitive feelings in medical
practice, the role of intuition in diagnostic reasoning has been recognized by clinicians working
in general practice and hospitals alike, especially in scenarios with little time for analytic
reasoning [239, 243, 247, 253]. “Sense of alarm”, term similar to “gut feeling” of something
being wrong used in this study, has been regarded as valuable source of judgement, which leads
to closer evaluation and investigation [239, 247]. However, the perceived stigma on use of
intuition at the age of evidence-based medicine sometimes creates a perceived necessity to give
objective evidence before acting out on these intuitive feelings [228, 243, 247, 253, 258, 259].
On the other hand, evidence from previous studies shows that failure to consider “gut feeling”
and not pursuing further investigation may result of missed cases of serious illness [38, 261].
Therefore, doctors should be enabled to request further diagnostic tests on the basis of “gut
feeling”, even if other “red flag” signs are absent [39].

The approach to “sense of reassurance” seems less straightforward. The reassuring
intuitive feeling may be of a significant aid in discriminating between mild and serious illnesses
in circumstances with high flow of patients, and limit the unnecessary use of invasive diagnostic
tests [243]. However, clinicians feel more cautious towards it compared to “sense of alarm”,
suggesting that even if the initial feeling is reassuring, they should still be on their guard not to
underestimate the situation, and review it if any doubts arise [247]. This study reveals “sense
of reassurance” as the strongest variable to rule out SBI, and the non-analytic part of assessment
is balanced by assessment of objective signs and symptoms in CPM 2. Other studies on
prognostic value of “sense of reassurance” are necessary to examine the generalizability of its
diagnostic application.

The results of this thesis suggest that the intuitive part of assessment enhances the
analytical reasoning of the clinician. Therefore, it can be safely suggested that, during clinical
evaluation of the patient, clinicians should examine their intuitive feelings, and consider them
when deciding on the management of each case. Intuitive feelings should not, however, replace
following diagnostic guidelines for specific illnesses, or use of internationally accepted
assessment scores [322]. Studies show that combined use of clinical scores and “gut feeling”
results in the best diagnostic performance [249, 250].

Increasing awareness of intuitive reasoning would provide significant input in education
of junior clinicians. The higher diagnostic value of intuitive reasoning by senior colleagues
shows that younger doctors could benefit from education on how skilled intuition should be

developed. The currently proposed strategies for enhancing the non-analytical reasoning
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include exposure to multiple real-life clinical cases, and effective feedback on the intuitive
feelings expressed by the trainees [228, 230, 236, 238, 243, 256, 270]. Furthermore, the
clinicians should be taught about the most common cognitive biases that occur in clinical
reasoning, such as confirmation bias (only looking for information that supports the perceived
diagnosis), framing effect (basing decisions on the positive / negative way the situation is
presented), overconfidence bias (overestimation of one’s diagnostic ability and intuition), self-
satisfying bias (“the “eureka!” moment that stops all further thought™), and others [231]. It must
be noted that these biases could affect one’s diagnostic reasoning regardless of whether they

are aware and / or considerate of the non-analytical part of the diagnostic process.

4.6.3 Consideration of parental concern and fever-related anxiety

Parental concern was not significantly predictive of SBI in this study, though it was
more commonly expressed by parents whose children were eventually diagnosed with SBI. It
must be noted that this study was focused on assessing the diagnostic value of parental concern
in recognizing serious bacterial iliness, however, viral infections with moderate to severe course
are also common in ED and were present among the study population, such as viral meningitis,
bronchiolitis with respiratory insufficiency, or viral gastroenteritis with dehydration. As
parental concern and gut feeling of a possible serious illness are not discriminative between
viral and bacterial infections, the false positive responses cannot always be associated with poor
ability to identify serious illness. Therefore, parental concern should still be considered when
discriminating between mild and serious illness in children presenting to ED.

A large part of parental anxiety, however, could be linked with their concern about
perceived negative effects of fever. This indicates that in case the parent expresses increased
concern about their child’s illness, the clinician should inquire for reasons for the concern, and
identify the elements of fever phobia. The small number of participants in the parental
guestionnaire make the assessment of parental concern, corrected for fever phobia, complicated
due to low statistic power, therefore further studies on the subject with larger sample size are
recommended.

As elements of fever-related anxiety and aggressive management of fever were evident
among the enrolled parents, it is necessary to provide parents with both informational and
emotional support when caring for a febrile child. Systematic reviews show that parents are in
a need of clear, reliable, and consistent information on assessment of a child with fever, when
and where to seek help, and how to manage febrile illness at home [288, 323] while, in reality,
the available information is sometimes difficult to understand for all parents, and there are
inconsistencies between information sources. Studies show that the best results are achieved
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when the information is provided via different modalities, such as information provided during
consultation with a healthcare specialist in oral and written form, handouts, audio-visual
material, simulation-based education, and reliable websites [45, 290-293, 324-329]. Similar
measures must be taken for educating the parents in Latvia, this could be achieved by creation
of a universal guidance including evidence-based and easily understandable information, which
could be distributed by doctors in primary care as well as emergency departments, and also
made available online. In addition to information on fever and its management, the information
needs on the current episode of febrile illness, such as the cause of fever, seriousness of the
disease, and the potential dangers of fever should be satisfied [275, 277, 330].

Addressing the emotional needs of parents during febrile illness in their child is equally
important. Studies show that dismissing the worries of parents as irrelevant, and shaming them
for unwarranted visits to emergency department result in decreased confidence, confusion, and
anxiety while addressing all concerns expressed by parents and reassurance that they are doing
everything appropriately encourages the parents and empowers them to feel confident when
caring for their febrile child [45, 275, 277, 287].
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Conclusion

Both derived clinical prediction models had moderate ability to predict serious bacterial
infection in children presenting to emergency department with febrile illness. The models
had acceptable performance in validation population.

Inclusion of variables of clinician’s non-analytical reasoning, defined as “gut feeling” of
serious illness, and “sense of reassurance”, improved the performance of the derived
clinical prediction model for serious bacterial infection in febrile children presenting to
emergency department, thus confirming the added value of non-analytical reasoning
suggested by the hypothesis.

Clinician’s “Gut feeling” of serious illness was not significantly predictive of serious
bacterial infection as an independent variable, which is contradict the hypothesis of the
study. Clinician’s “sense of reassurance” was significantly predictive for absence of serious
bacterial infection.

Parental concern, defined as feeling that the illness is different / more severe, was not
significantly predictive of serious bacterial in the study population, which contradicts the
hypothesis of the study.

The study identified elements of fever-related anxiety in parents, including misconceptions
regarding the negative effects of fever, frequent temperature measurements, use of
antipyretics at low body temperature, and urge to present to healthcare early and outside
normal working hours, evaluating hospital care as safer for their child.

The study gained insight on the educational, information and emotional needs of parents

when caring for a febrile child.

113



Approbation of the study — publications and thesis

Doctoral thesis is based on following SCI publications:

1.

Urbane, U. N. Petrosina, E., Zavadska, D., & Pavare, J. (2022) Integrating clinical signs at
presentation and clinician's non-analytical reasoning in prediction models for serious bacterial
infection in febrile children presenting to emergency department. Frontiers in Pediatrics, (10), 225.
https://doi.org/10.3389/fped.2022.786795

Urbane, U. N., Gaidule-Logina, D., Gardovska, D., & Pavare, J. (2019). Value of parental concern
and clinician's gut feeling in recognition of serious bacterial infections: a prospective observational
study. BMC pediatrics, 19(1), 1-8. doi: 10.1186/s12887-019-1591-7

Urbane, U. N., Likopa, Z., Gardovska, D., & Pavare, J. (2019). Beliefs, practices and health care
seeking behavior of parents regarding fever in children. Medicina, 55(7), 398.
https://doi.org/10.3390/medicina55070398

Urbane, U.N., Gaidule-Logina, D., Gardovska, D., & Pavare, J. (2019). Coping with febrile illness
in children: a qualitative interview study of parents. In Proceedings of the Latvian Academy of
Sciences (Vol. 73, No 2, 117-124). De Gruyter Poland. https://doi.org/10.2478/prolas-2019-0019

Thingsaker, E. E., Urbane, U. N., & Pavare, J. (2021). A Comparison of the Epidemiology, Clinical
Features, and Treatment of Acute Osteomyelitis in Hospitalized Children in Latvia and Norway.
Medicina, 57(1), 36. doi: 10.3390/medicina57010036

Publications in Latvian peer-reviewed scientific journals:

1.

Urbane, U.N., Gaidule-Logina, D., Zavadska, D., Grope, 1., Gardovska, D., Pavare, J. Vecaku
noverojumu nozime smagu bakterialu infekciju savlaiciga atpaziSana berniem ar drudzi.
RSU zinatniskie raksti, 2017, 57—-66.

Petruhina, J., Urbane, U. N., Petersons, A., & Pavare, J. (2017). Epidemiology and Antibacterial
Treatment of Acute Hematogenous Osteomyelitis in Patients Hospitalized at Children’s Clinical
University Hospital in Riga, Latvia. Acta Chirurgica Latviensis, 17(2), 29-34.

Urbane, U. N., Zavadska, D., Grope, 1., Gardovska, D., Caplinska, 1., Erts, R., Pavare, J. Agrinas
diagnostikas iesp&jas berniem ar smagam bakterialam infekcijam slimnicas neatliekamas palidzibas
nodala. RSU zinatniskie raksti, 2016, 20-32.

Gardovska, D., Pavare, J., Grope, 1., Balmaks, R., Tretjakovs, P., Zavadska, D., Nikul3ins, S.,
Smane, L., Laizane, G., Ziemele, L., Cirko, A., Urbane, U.N., Rautiainena, L;, Vispevska, M.,
Troka, E., Kazaks, A., Gersone, G., Jurka, A., Gravele, D. (2018). Dzivibai bistamo un sabiedribai
nozimigo infekcijas slimibu izp&te bérniem Latvija” The Latvian National Research Programme
BIOMEDICINE FOR PUBLIC HEALTH, 61-73.

Results are reported in the following international conferences:

1.

Urbane, U.N., Petrosina, E., Zavadska, D., Pavare, J. Predictive model for serious bacterial
infections in children with fever presenting to emergency department. Knowledge for Use
in Practice — RSU Research week 2021, Riga, Latvia, 26th of March 2021, Book of abstracts p. 61.

Urbane, U.N., Petrosina, E., Zavadska, D., Pavare, J. Integrating clinical signs at presentation and
clinician’s "gut feeling" in prediction models for serious bacterial infection in children with fever.
International Pediatrics Conference for Medical Students, online event organized by Vilnius
University and Latvian Paediatrics association, 8th of May 2021.

Urbane, U.N. Value of “gut feeling” and parental concern in recognition of serious bacterial
infection in febrile children presenting to emergency department. Fever phobia in parents.
DIAMONDS and PERFORM General Assembly Meeting, 16-20 November 2020.

114



10.

11.

12.

Urbane, U.N., Kavare, M., Marcuks, M., Gaidule-Logina, D., Grope, I., Zavadska, D., Gardovska,
D., Pavare, J. Role of clinical signs, gut feeling and parental concern in recognizing serious bacterial
infections. 4th Baltic Paediatric Congress 2019, Vilnius, Lithuania, 18th of May 2019.

Urbane, U.N., Likopa, Z., Kravale, 1., Silova, A., Gardovska, D., Pavare, J. Precautionary level
system in assessing children with febrile illness visiting Emergency Department. 4th Baltic
Paediatric Congress 2019, Vilnius, Lithuania, 18th of May 2019.

Urbane, U.N., Gaidule-Logina, D., Marcuks, M., Katvare, M. Gardovska, D., Pavare, J. Coping
with febrile illness in children: a qualitative interview study of parents” 4th Baltic Paediatric
Congress 2019, Vilnius, Lithuania, 18th of May 2019.

Urbane, U.N., Likopa, Z., Kravale, I., Silova, A., Gardovska, D., Pavare, J. Assessment of children
with febrile illness visiting Emergency Department according to “precautionary level” system.
RSU International Research Conference on Medical and Health Sciences “Knowledge for Use
in Practice”, Riga, Latvia, April 1-3, 2019. Book of abstracts p. 134.

Urbane, U.N., Marcuks, M., Katvare, M., Gaidule-Logina, D., Zavadska, D., Gardovska, D.,
Pavare, J. Diagnostic values of parental concern and clinician’s “gut feeling” in identifying serious
bacterial infections in children with fever. RSU International Research Conference on Medical and
Health Sciences “Knowledge for Use in Practice”, Riga, Latvia, April 1-3, 2019. Book of abstracts

p. 135.

Urbane, U.N., Gaidule-Logina, D., Katvare, M., Marcuks, M., Gardovska, D., Pavare, J.
Diagnostic value of parental concern and clinician’s gut feeling in recognition of serious bacterial
infections in children with fever attending paediatric emergency department. The 7th Congress
of the European Academy of Paediatric Societies (EAPS 2018) October 30 — November 3, 2018,
Paris, France.

Gaidule-Logina, D., Urbane, U.N., Marcuks, M., Katvare, M., Pavare, J. Parental perspectives on
evaluation and management of fever in children, and healthcare seeking behaviours in Latvia.
Is there “fever phobia”? 36th Annual Meeting of the European Society for Paediatric Infectious
Diseases (ESPID), May 28 — June 2, 2018, Malmo, Sweden.

Urbane, U.N., Gaidule-Logina, D., Zavadska, D., Grope. . Role of parental observations in early
diagnosis of serious bacterial infections in children with fever admitted to the hospital: a semi-
qualitative pilot study. The 35th Annual Meeting of the European Society for Paediatric Infectious
Diseases (ESPID), May 23-27, 2017, Madrid, Spain.

Pavare, J., Gardovska, D., Urbane, U.N. Measurement of immature granulocytes (ig) percentage
to recognize severe bacterial infections as a cause of sepsis. The 28th Annual Meeting
of the European Society of Paediatric and Neonatal Intensive Care (ESPNIC 2017), June 6-9, 2017,
Lisbon, Portugal.

Results are reported in following local conferences:

1.

Urbane, U.N., Gaidule-Logina, D., Marcuks, M., Katvare, M., Zavadska, D., Gardovska, D.,
Pavare, J. Vecaku paradumi, mekl&jot palidzibu ar drudzi slimam b&mam. RSU Zinatniska
konference 2018, March 22-23, 2018 Riga, Latvia. Book of abstracts, p. 52.

Urbane, U.N., Gaidule-Logina, D., Marcuks, M., Katvare, M., Zavadska, D., Gardovska, D.,
Pavare, J. Smagu bakterialu infekciju agrina atpazisana b&rniem ar drudzi neatlickamas palidzibas
nodala pirmslaboratoraja etapa. RSU Zinatniska konference 2018, March 22-23, 2018 Riga,
Latvia. Book of abstracts, p. 50.

Gaidule-Logina, D., Urbane, UN., Marcuks, M., Katvare, M., Pavare. J. Bérnu ar drudzi
novertésanas un palidzibas meklgéSanas paradumi vecakiem Latvija: vai pastav “drudza fobija”?
RSU Zinatniska konference 2018, March 22-23, 2018 Riga, Latvia. Book of abstracts, p. 41.

Marcuks, M., Urbane, U.N., Gaidule-Logina, D., Katvare, M., Pavare, J. Diagnostic values

L3

of clinical features at presentation, parental concern and clinician’s “gut feeling” in identifying

115



serious bacterial infections in children with fever. Children’s Health Day 2018., November 2, 2018,
Riga, Latvia.

Urbane, U.N., Gaidule-Logina, D., Zavadska, D., Grope, I., Gardovska, D., Pavare, J. Vecaku
novérojumu loma smagu bakterialu infekciju atpaziSana bérniem: pilotpétijums. 2017. gada
RSU zinatniska konference, April 67, 2017, Riga, Latvia. Book of abstracts, p. 82.

Urbane, U.N. Klinisko pazimju kopuma, vecaku un arstu izvert§juma nozime agrina smagu
bakterialu infekciju diagnostika bérniem — rezultatu apkopojums Riga un regionos. “Aktualitates
pediatrija”, conference organized by RSU Faculty of Continuing Education, June 6, 2019.

Urbane, UN. Vecaku bazas, beérmam slimojot ar drudzi, un ka tas mazinat. “Aktualitates
pediatrija”, conference organized by RSU Faculty of Continuing Education, June 6, 2019.

116



10.

11.

12.

13.

14.

Bibliography

Hay, A.D., Heron, J, Ness, A. 2005. The prevalence of symptoms and consultations in pre-school
children in the Avon Longitudinal Study of Parents and Children (ALSPAC): a prospective cohort
study. Fam Pract, 22(4), 367-374. doi: 10.1093/fampra/cmi-35.

National Institute for Health and Care Excellence: Clinical Guidelines. Feverish IlIness
in Children: Assessment and Initial Management in Children Younger Than 5 Years. London:
Royal College of Obstetricians & Gynaecologists (UK). Available at: https://www.nice.org.uk/
guidance/ng143.

Whitburn, S., Costelloe, C., Montgomery, A. A., Redmond, N. M., Fletcher, M., Peters, T. J., Hay,
A. D. 2011. The frequency distribution of presenting symptoms in children aged
six months to six years to primary care. Prim Health Care Res Dev, 12(2), 123-134. doi:
10.1017/S146342361000040X.

de Bont, E. G. P. M., Lepot, J. M. M., Hendrix, D. A. S., Loonen, N., Guldemond-Hecker, Y.,
Dinant, G-J, Cals, J.W. 2015. Workload and management of childhood fever at general practice
out-of-hours care: an observational cohort study. BMJ Open, 5(5). doi: 10.1136/bmjopen-2014-
007365.

Limper, M., Eeftinck Schattenkerk, D., de Kruif, M. D., van Wissen, M., Brandjes, D. P., Duits,
A. J., van Gorp, E. C. 2011. One-year epidemiology of fever at the emergency department.
Neth J Med, 69(3), 124-128.

Adekoya, N. 2010. Reasons for visits to emergency departments for Medicaid and State Children's
Health Insurance Program patients: United States, 2004. N C Med J, 71(2), 123-130. PubMed
PMID: 20552761.

Massin, M. M., Montesanti, J., Gerard, P., Lepage, P. 2006. Spectrum and frequency
of illness presenting to a pediatric emergency department. Acta Clin Belg, 61(4),161-165. doi:
10.1179/acb.2006.027.

Long, E., Solan, T., Stephens, D. J., Schlapbach, L. J., Williams, A., Tse, W. C., Babl. F. E. 2021.
Febrile children in the Emergency Department: Frequency and predictors of poor outcome.
Acta Paediatr, 110(3), 1046-1055. doi: 10.1111/apa.15602.

Sands, R., Shanmugavadivel, D., Stephenson, T., Wood, D. 2012. Medical problems presenting
to paediatric emergency departments: 10 years on. Emerg Med J, 29(5), 379-382. doi:
10.1136/em;j.2010.106229.

Van den Bruel, A., Aertgeerts, B., Bruyninckx, R., Aerts, M., Buntinx, F. 2007. Signs and
symptoms for diagnosis of serious infections in children: a prospective study in primary care.
Br J Gen Pract, 57(540), 538-546.

Kerkhof, E., Lakhanpaul, M., Ray, S., Verbakel, J. Y., van den Bruel, A., Thompson, M, Berger,
M. Y., Moll, H. A., Oostenbrink, R. 2014. The predictive value of the NICE “red traffic lights”
in acutely ill children. PLoS One. 9(3), €90847. doi: 10.1371/journal.pone.0090847.

Brent, A. J., Lakhanpaul, M., Thompson, M., Collier, J., Ray, S., Ninis, N., Levin M, MacFaul R.
2011. Risk score to stratify children with suspected serious bacterial infection: observational
cohort study. Arch Dis Child, 96(4), 361-367. doi: 10.1136/adc.2010.183111.

Craig, J. C., Williams, G. J., Jones, M., Codarini, M., Macaskill, P., Hayen, A., Irwig, L.,
Fitzgerald, D. A., Isaacs, D., McCaskill, M. 2010. The accuracy of clinical symptoms and signs
for the diagnosis of serious bacterial infection in young febrile children: prospective cohort study
of 15 781 febrile illnesses. Bmj, 340:¢1594. doi: 10.1136/bmj.c1594.

Nijman, R. G., Vergouwe, Y., Thompson, M., van Veen, M., van Meurs, A. H., van der Lei, J.,
Steyerberg, E. W., Moll, H. A., Oostenbrink, R. 2013. Clinical prediction model to aid emergency
doctors managing febrile children at risk of serious bacterial infections: diagnostic study.
Bmj, 346: f1706. doi: https://doi.org/10.1136/bmj.f1706.

117



15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

Thompson, M., Coad, N., Harnden, A., Mayon-White, R., Perera, R., Mant, D. 2009. How well
do vital signs identify children with serious infections in paediatric emergency care? Arch dis
child, 94(11), 888-893. doi: http://dx.doi.org/10.1136/adc.2009.159095.

Galetto-Lacour, A., Zamora, S. A., Andreola, B., Bressan, S., Lacroix, L., Da Dalt, L., Gervaix,
A. 2010. Validation of a laboratory risk index score for the identification of severe bacterial
infection in children with fever without source. Arch dis child, 95(12), 968-973. doi:
http://dx.doi.org/10.1136/adc.2009.176800.

Bleeker, S. E., Moons, K. G. M., Derksen-Lubsen, G., Grobbee, D. E., Moll, H. A. 2001.
Predicting serious bacterial infection in young children with fever without apparent source.
Acta Peediatr, 90(11), 1226-1231. doi: 10.1111/j.1651-2227.2001.tb01566.Xx.

Leigh, S., Grant, A., Murray, N., Faragher, B., Desai, H., Dolan, S., Cabdi, N., Murray, J. B.,
Rejaei, Y., Stewart, S., Edwardson, K. 2019. The cost of diagnostic uncertainty: a prospective
economic analysis of febrile children attending an NHS emergency department. BMC Med, 17(1),
1-15. doi: https://doi.org/10.1186/512916-019-1275-z.

Leigh, S., Robinson, J., Yeung, S., Coenen, F., Carrol, E. D. and Niessen, L. W. 2020. What
matters when managing childhood fever in the emergency department? A discrete-choice
experiment comparing the preferences of parents and healthcare professionals in the UK. Arch dis
child, 105(8), 765-771. doi: http://dx.doi.org/10.1136/archdischild-2019-318209.

Evans, I. V., Phillips, G. S., Alpern, E .R., Angus, D. C., Friedrich, M. E., Kissoon, N., Lemeshow,
S., Levy, M. M., Parker, M. M., Terry, K. M., Watson, R. S. 2018. Association between the New
York sepsis care mandate and in-hospital mortality for pediatric sepsis. JAMA, 320(4), 358-367.
doi:10.1001/jama.2018.9071.

Weiss, S. L., Fitzgerald, J. C., Balamuth, F., Alpern, E. R., Lavelle, J., Chilutti, M., Grundmeier,
R., Nadkarni, V. M., Thomas, N. J. 2014. Delayed antimicrobial therapy increases mortality and
organ dysfunction duration in pediatric sepsis. Crit Care Med, 42(11), 2409. doi:
10.1097/ccm.0000000000000509.

Van den Bruel, A., Haj-Hassan, T., Thompson, M., Buntinx, F., Mant, D., ERNIE. 2010.
Diagnostic value of clinical features at presentation to identify serious infection in children
in developed countries: a systematic review. Lancet, 375(9717), 834-845. doi: https://doi.org/
10.1016/S0140-6736(09)62000-6.

Tavaré, A. and O’Flynn, N. 2017. Recognition, diagnosis, and early management of sepsis: NICE
guideline. Br J Gen Pract, 67(657), 185-186. doi: https://doi.org/10.3399/bjgp17X690401.

Chiappini, E., Venturini, E., Remaschi, G., Principi, N., Longhi, R., Tovo, P.A., Becherucci, P.,
Bonsignori, F., Esposito, S., Festini, F. and Galli, L. 2017. 2016 update of the Italian pediatric
society guidelines for Management of Fever in children. J Pediatr, 180, 177-183. doi:
https://doi.org/10.1016/j.jpeds.2016.09.043.

Innovation AfC: New South Wales (NSW) Ministry of Health clinical practice guidelines on acute
management of children and infants with fever. 2010. Edited by (NSW) NSW, Health Mo: New
South Wales (NSW) Ministry of Health.

Gomes, S., Wood, D., Ayis, S., Haliasos, N., Roland, D. 2021. Evaluation of a novel approach
to recognising community-acquired paediatric sepsis at ED triage by combining an electronic
screening algorithm with clinician assessment. Emerg Med J, 38(2), 132-138. doi:
http://dx.doi.org/10.1136/emermed-2019-208746.

De, S., Williams, G.J., Hayen, A., Macaskill, P., McCaskill, M., Isaacs, D., Craig, J. C. 2013.
Accuracy of the “traffic light” clinical decision rule for serious bacterial infections in young
children with fever: a retrospective cohort study. Bmj, 346. doi: https://doi.org/10.1136/bmj.f866.

Bleeker, S. E., Derksen-Lubsen, G., Grobbee, D. E., Donders, A. R. T., Moons, K. G. M., Moll,
H. A. 2007. Validating and updating a prediction rule for serious bacterial infection in patients
with fever without source. Acta paediatr, 96(1), 100-104. doi: https://doi.org/10.1111/j.1651-
2227.2006.00033.x.

118



29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41,

42,

43.

Blacklock, C., Mayon-White, R., Coad, N., Thompson, M. 2011. Which symptoms and clinical
features correctly identify serious respiratory infection in children attending a paediatric
assessment unit? Arch dis child, 96(8), 708—714. doi: 10.1136/adc.2010.206243.

Bachur, R. G. and Harper, M. B. 2001. Predictive model for serious bacterial infections among
infants younger than 3 months of age. Pediatrics, 108, 311-316. doi: https://doi.org/
10.1542/peds.108.2.311.

Bonadio, W. A., Hennes, H. , Smith, D., Ruffing, R., Melzer-Lange, M., Lye, P., Isaacman, D.
1993. Reliability of observation variables in distinguishing infectious outcome of febrile young
infants. Pediatr Infect Dis J, 12(2), 111-114. doi: 10.1097/00006454-199302000-00001.

Hagedoorn, N. N., Borensztajn, D., Nijman, R. G., Nieboer, D., Herberg, J. A., Balode, A., Von
Both, U., Carrol, E., Eleftheriou, 1., Emonts, M. and van der Flier, M. 2021. Development and
validation of a prediction model for invasive bacterial infections in febrile children at European
Emergency Departments: MOFICHE, a prospective observational study. Arch dis child, 106(7),
641-647. doi: http://dx.doi.org/10.1136/archdischild-2020-319794.

Lipsett, S. C., Hirsch, A. W., Monuteaux, M. C., Bachur, R. G., Neuman, M. I. 2022. Development
of the Novel Pneumonia Risk Score to Predict Radiographic Pneumonia in Children. Pediatr
Infect Dis J, 41(1), 24-30. doi: 10.1097/inf.0000000000003361.

de Vos-Kerkhof, E., Gomez, B., Milcent, K., Steyerberg, E. W., Nijman, R. G., Smit, F.J., Mintegi,
S., Moll, H. A., Gajdos, V. Oostenbrink, R. 2018. Clinical prediction models for young febrile
infants at the emergency department: an international validation study. Arch dis child, 103(11),
1033-1041. doi: http://dx.doi.org/10.1136/archdischild-2017-314011.

de Vos-Kerkhof, E., Nijman, R. G., Vergouwe, Y., Polinder, S., Steyerberg, E.W., van der Lei, J.,
Moll, H.A., Oostenbrink, R. 2015. Impact of a clinical decision model for febrile children at risk
for serious bacterial infections at the emergency department: a randomized controlled trial. PloS
one, 10(5), e0127620. doi: 10.1371/journal.pone.0127620.

Elshout, G., van lerland, Y., Bohnen, A. M., de Wilde, M., Moll, H. A., Oostenbrink, R., Berger,
M. Y. 2014. Alarming signs and symptoms in febrile children in primary care: an observational
cohort study in the Netherlands. PloS one, 9(2), e88114. doi: 10.1371/journal.pone.0088114.

Turnbull, S., Lucas, P. J., Redmond, N. M., Christensen, H., Thornton, H., Cabral, C., Blair, P. S.,
Delaney, B. C., Thompson, M., Little, P. and Peters, T. J. 2018. What gives rise to clinician gut
feeling, its influence on management decisions and its prognostic value for children with RTI in
primary care: a prospective cohort study. BMC Fam Pract, 19(1),1-12. doi: 10.1186/s12875-018-
0716-7.

Van den Bruel, A., Thompson, M., Buntinx, F., Mant, D. 2012. Clinicians’ gut feeling about
serious infections in children: observational study. Bmj, 345. doi: 10.1136/bmj.e6144.

Hjertholm, P., Moth, G., Ingeman, M. L., Vedsted, P. 2014. Predictive values of GPs’ suspicion
of serious disease: a population-based follow-up study. Br J Gen Pract, 64(623), e346—e353. doi:
10.3399/bjgp14X680125.

Smith, C. F., Drew, S., Ziebland, S., Nicholson, B. D. 2020. Understanding the role of GPs’ gut
feelings in diagnosing cancer in primary care: a systematic review and meta-analysis of existing
evidence. Br J Gen Pract, 70(698), e612—e621. doi: https://doi.org/10.3399/bjgp20X712301.

Van den Bruel, A., Bruyninckx, R., Vermeire, E., Aerssens, P., Aertgeerts, B., Buntinx, F. 2005.
Signs and symptoms in children with a serious infection: a qualitative study. BMC fam pract, 6(1),
1-8. doi: https://doi.org/10.1186/1471-2296-6-36.

Schmitt, B. D. 1980. Fever phobia: misconceptions of parents about fevers. Am J Dis Child,
134(2), 176-181. doi:10.1001/archpedi.1980.02130140050015.

Crocetti, M., Moghbeli, N., Serwint, J. 2001. Fever phobia revisited: have parental misconceptions
about fever changed in 20 years? Pediatrics, 107(6), 1241-1246. doi: 10.1542/peds.107.6.1241.

119



44,

45,

46.

47,

48.

49,

50.

51.
52.
53.

54,

55.

56.

57.

58.

59.

60.

61.

Clericetti, C. M., Milani, G. P., Bianchetti, M. G., Simonetti, G. D., Fossali, E. F., Balestra, A.
M., Bozzini, M. A., Agostoni, C., Lava, S. A. 2019. Systematic review finds that fever phobia is
a worldwide issue among caregivers and healthcare providers. Acta Paediatr, 108(8), 1393-1397.
doi: https://doi.org/10.1111/apa.14739.

Van de Maat, J. S., van Klink, D., den Hartogh-Griffioen, A., Schmidt-Cnossen, E., Rippen, H.,
Hoek, A., Neill, S., Lakhanpaul, M., Moll, H. A., Oostenbrink, R. 2018. Development and
evaluation of a hospital discharge information package to empower parents in caring for a child
with a fever. BMJ open, 8(8), e021697. doi: http://dx.doi.org/10.1136/bmjopen-2018-021697.

Vicens-Blanes, F., Mir6-Bonet, R., Molina-Mula, J. 2022. Analysis of the perceptions, knowledge
and attitudes of parents towards fever in children: A systematic review with a qualitative meta-
synthesis. J Clin Nurs, Epub 20220227. doi: 10.1111/jocn.16271.

Tan, E., Hoare, K., Riley, J., Fernando, K., Haskell, L., McKinlay, C. J., Dalziel, S. R,
Braithwaite, 1. 2022. Panic or peace — prioritising infant welfare when medicating feverish infants:
a grounded theory study of adherence in a paediatric clinical trial. BMC Ped, 22(1), 11-13. doi:
10.1186/s12887-022-03230-4.

Elkon-Tamir, E., Rimon, A., Scolnik, D., Glatstein, M. 2017. Fever phobia as a reason for
pediatric emergency department visits: does the primary care physician make a difference?
Rambam Maimonides Med J, 8(1). doi: 10.5041/RMMJ.10282.

Thompson, A. P., Le, A., Hartling, L., Scott, S.D. 2020. Fading confidence: A qualitative
exploration of parents’ experiences caring for a febrile child. J Clin Nurs, 29(5-6), 964-973. doi:
https://doi.org/10.1111/jocn.15165.

Gunduz, S., Usak, E., Koksal, T., Canbal, M. 2016. Why fever phobia is still common? Iran Red
Crescent Med J, 18(8). doi: 10.5812/ircmj.23827.

Thompson HJ. Fever: a concept analysis. Journal of Advanced Nursing. 2005;51(5):484-92.
Atkins, E. 1982. Fever: its history, cause, and function. Yale J Biol Med, 55(3-4), 283.

Saez-Llorens, X., Lagrutta, F. 1993. The acute phase host reaction during bacterial infection and
its clinical impact in children. Pediatr Infect Dis J, 12(1), 83-87

Roth, J., Rummel, C., Barth, S.W., Gerstberger, R., Hiibschle, T. 2006. Molecular aspects of fever
and hyperthermia. Neurol Clin, 24(3), 421-439. doi: https://doi.org/10.1016/j.ncl.2006.03.004.

Schulert, G. S. G., Alexei, A.. Fever and the Inflammatory Response In: Long, S. S., Prober, C.
G., Fischer, M., Principles and Practice of Pediatric Infectious Diseases. 5th ed, John F. Kennedy
Blvd. Ste 1800 Philadelphia, PA 19103-2899: Elsevier, Inc.; 2018, 93-97.e1.

Sajadi, M. M., Romanovsky, A. A. Temperature Regulation and the Pathogenesis of Fever.
In: Bennett, J. E., Dolin, R., Blaser, M. J. Mandell, Douglas, and Bennett's Principles and Practice
of Infectious Diseases. 9th ed. 1600 John F. Kennedy Blvd. Ste 1600 Philadelphia, PA 19103-
2899: Elsevier, Inc.; 2020, 777-789.e3.

Ogoina, D. 2011. Fever, fever patterns and diseases called ‘fever’-a review. J Infect Public
Health, 4(3), 108-124. doi: https://doi.org/10.1016/j.jiph.2011.05.002.

Aronoff, D. M., Neilson, E. G. 2001. Antipyretics: mechanisms of action and clinical use in fever
suppression. Am J Med, 111(4), 304-315. doi: 10.1016/S0002-9343(01)00834-8.

Mackowiak, P. A. 1998. Concepts of fever. Arch Intern Med, 158(17), 1870-1881.
doi:10.1001/archinte.158.17.1870.

Gomez, C.R. 2014. Disorders of body temperature. Handb Clin Neurol, 120, 947-957. doi:
10.1016/b978-0-7020-4087-0.00062-0.

Walter, E. J., Hanna-Jumma, S., Carraretto, M., Forni, L. 2016. The pathophysiological basis and
consequences of fever. Crit Care, 20(1), 1-10. doi: 10.1186/s13054-016-1375-5.

120



62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

Barbi, E., Marzuillo, P., Neri, E., Naviglio, S., Krauss, B. S. 2017. Fever in children: pearls and
pitfalls. Children, 4(9), 81. doi: https://doi.org/10.3390/children4090081.

Wunderlich, C. A., Reeve, J. C. 1869. The course of the temperature in diseases: a guide to clinical
thermometry. Am J Med Sci, 57(425), 47.

Mackowiak, P. A., Worden, G. 1994. Carl Reinhold August Wunderlich and the evolution
of clinical thermometry. Clin Infect Dis, 18(3), 458-467.

Mackowiak, P. A., Wasserman, S. S., Levine, M. M. 1992. A critical appraisal of 98.6 F, the upper
limit of the normal body temperature, and other legacies of Carl Reinhold August Wunderlich.
Jama, 268(12), 1578-1580. doi: 10.1001/jama.1992.03490120092034.

Geneva, 1. I., Cuzzo, B., Fazili, T., Javaid, W. 2019. Normal body temperature: a systematic
review. In Open forum infectious diseases (Vol. 6, No 4, p. 0fz032). US: Oxford University Press.
doi: 10.1093/ofid/0fz032.

Diamond, A., Lye, C. T., Prasad, D., Abbott, D. 2021. One size does not fit all: Assuming
the same normal body temperature for everyone is not justified. Plos one, 16(2), e0245257.
doi: 10.1371/journal.pone.0245257.

Obermeyer, Z., Samra, J. K., Mullainathan, S. 2017. Individual differences in normal body
temperature: longitudinal big data analysis of patient records. Bmj, 359. doi: 10.1136/bm;j.j5468.

Sund-Levander, M., Forsberg, C., Wahren, L. K. 2002. Normal oral, rectal, tympanic and axillary
body temperature in adult men and women: a systematic literature review. Scand J Caring Sci,
16(2), 122-128. doi: https://doi.org/10.1046/j.1471-6712.2002.00069.X.

Lu, S. H.,, Dai, Y. T. 2009. Normal body temperature and the effects of age, sex, ambient
temperature and body mass index on normal oral temperature: a prospective, comparative study.
Int J Nurs Stud, 46(5), 661-668. doi: 10.1016/j.ijnurstu.2008.11.006.

Herzog, L. W., Coyne, L. J. 1993. What is fever? Normal temperature in infants less than 3 months
old. Clin pediatr, 32(3), 142—-146. doi: 10.1177/000992289303200303.

Leduc, D., Woods, S., Community Paediatrics Committee. 2000. Temperature measurement
in paediatrics. Paediatr Child Health, 5(5), 273-276. doi: 10.1093/pch/5.5.273.

Hsiao, A. L., Chen, L., Baker, M.D. 2006. Incidence and predictors of serious bacterial infections
among 57-to 180-day-old infants. Pediatrics, 117(5), 1695-1701. doi: https://doi.org/
10.1542/peds.2005-1673.

Trautner, B. W., Caviness, A. C., Gerlacher, G. R., Demmler, G., Macias, C .G. 2006. Prospective
evaluation of the risk of serious bacterial infection in children who present to the emergency
department with hyperpyrexia (temperature of 106 F or higher). Pediatrics, 118(1), 34-40.
doi: https://doi.org/10.1542/peds.2005-2823.

Roberts Jr, N. J. 1991. The immunological consequences of fever. In: Fever: Basic mechanisms
and management, 125-142. Raven Press, New York. 1991;125.

Harden, L. M., Kent, S., Pittman, Q. J., Roth, J. 2015. Fever and sickness behavior: friend or foe?
Brain Behav Immun, 50, 322—-333. doi: https://doi.org/10.1016/j.bbi.2015.07.012.

Ron, Y., Dougherty, J.P., Duff, G. W. and Gershon, R. K. 1984. The effect of febrile temperatures
on biologic actions of interferons: abrogation of suppression of delayed-type hypersensitivity and
antibody production. J Immunol, 133(4), 2037-2042.

Heron, I, Berg, K. 1978. The actions of interferon are potentiated at elevated temperature. Nature,
274(5670), 508-510.

Srivastava, P. 2002. Interaction of heat shock proteins with peptides and antigen presenting cells:
chaperoning of the innate and adaptive immune responses. Annu Rev Immunol, 20(1), 395-425.
doi: 10.1038/nri749.

121



80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

Purssell, E., While, A. E. 2013. Does the use of antipyretics in children who have acute infections
prolong febrile illness? A systematic review and meta-analysis. J Pediatr, 163(3), 822-827.
doi: https://doi.org/10.1016/j.jpeds.2013.03.069.

Caspe, W. B., Nucci, A. T., Cho, S. 1989. Extreme hyperpyrexia in childhood: presentation similar
to hemorrhagic shock and encephalopathy. Clin Pediatr, 28(2), 76-80. doi: 10.1177/
000992288902800204.

Mackowiak, P. A., Boulant, J. A. 1996. Fever's glass ceiling. Clin Infect Dis, 22(3), 525-536.
doi: https://doi.org/10.1093/clinids/22.3.525.

Yoshizato, R., Koga, H. 2020. Comparison of initial and final diagnoses in children with acute
febrile illness: A retrospective, descriptive study: Initial and final diagnoses in children with acute
fever. J Infect Chemother, 26(3), 251-256. doi: https://doi.org/10.1016/j.jiac.2019.09.015.

Nield, L. S., Kamat, D. Fever. In: Kliegman, R. M., St Geme, J. W., Blum, N. J., Shah, S. S.,
Tasker, R. C., Wilson, K. M. Nelson Textbook of Pediatrics. 21st ed. 1600 John F. Kennedy Blvd.,
Ste. 1600, Philadelphia, PA 19103-2899: Elsevier Inc.; 2020, 1386-8.e1.

Niehues, T. 2013. The febrile child: diagnosis and treatment. Dtsch Arztebl Int, 110(45), 764-773
doi: 10.3238/arztebl.2013.0764.

Huang, F. A. S., Schlaudecker, E. 2018. Fever in the returning traveler. Infect Dis Clin North Am,
32(1), 163-188. doi: 10.1016/j.idc.2017.10.009.

Lalloo, D. G., Shingadia, D., Bell, D. J., Beeching, N. J., Whitty, C. J., Chiodini, P.L. 2016. UK
malaria treatment guidelines 2016. J Infect, 72(6), 635-649. doi: 10.1016/j.jinf.2016.02.001.

Cioffredi, L.A., Jhaveri, R. 2016. Evaluation and management of febrile children: a review. JAMA
Pediatr, 170(8), 794-800. doi: 10.1001/jamapediatrics.2016.0596.

Huppler, A. R., Eickhoff, J. C., Wald, E. R. 2010. Performance of low-risk criteria in the
evaluation of young infants with fever: review of the literature. Pediatrics, 125(2), 228-233. doi:
https://doi.org/10.1542/peds.2009-1070.

Martin, N. G., Sadarangani, M., Pollard, A. J., Goldacre, M. J. 2014. Hospital admission rates for
meningitis and septicaemia caused by Haemophilus influenzae, Neisseria meningitidis, and
Streptococcus pneumoniae in children in England over five decades: a population-based
observational study. Lancet Infect Dis, 14(5), 397-405. doi: https://doi.org/10.1016/S1473-
3099(14)70027-1.

De, S., Williams, G. J., Teixeira-Pinto, A., Macaskill, P., McCaskill, M., Isaacs, D. and Craig, J.
C. 2015. Lack of accuracy of body temperature for detecting serious bacterial infection in febrile
episodes. Pediatr Infect Dis J, 34(9), 940-944. doi: 10.1097/INF.0000000000000771.

Richards, C. G. M., Walshaw, D., Cant, A. J., Nademi, Z., Clark, J. 2001. The causes of fever
in children attending hospital in the North of England. J Infect, 43(4), 221-225.
doi: 10.1053/jinf.2001.0920.

Thayyil, S., Shenoy, M., Hamaluba, M., Gupta, A., Frater, J., Verber, 1.G. 2005. Is procalcitonin
useful in early diagnosis of serious bacterial infections in children? Acta Paediatr, 94(2),
155-158. doi: https://doi.org/10.1111/j.1651-2227.2005.tb01883.x.

Andreola, B., Bressan, S., Callegaro, S., Liverani, A., Plebani, M., Da Dalt, L. 2007. Procalcitonin
and C-reactive protein as diagnostic markers of severe bacterial infections in febrile infants
and children in the emergency department. Pediatr Infect Dis J, 26(8), 672-677. doi:
10.1097/INF.0b013e31806215€e3.

Baker, M. D., Avner, J. R., Bell, L. M. 1990. Failure of infant observation scales in detecting
serious illness in febrile, 4-to 8-week-old infants. Pediatrics, 85(6), 1040-1043.

122



96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

100.

110.

111.

Berger, R. M. F., Berger, M. Y., van Steensel-Moll, H. A., Dzoljic-Danilovic, G., Derksen-
Lubsen, G. 1996. A predictive model to estimate the risk of serious bacterial infections in febrile
infants. Eur J Paediatr, 155(6), 468-473. doi: https://doi.org/10.1007/BF01955183.

Lacour, A. G., Gervaix, A., Zamora, S. A., Vadas, L., Lombard, P. R., Dayer, J. M., Suter, S.
2001. Procalcitonin, IL-6, IL-8, IL-1 receptor antagonist and C-reactive protein as identificators
of serious bacterial infections in children with fever without localising signs. Eur J Paediatr,
160(2), 95-100. doi: https://doi.org/10.1007/s004310000681.

Galetto-Lacour, A., Zamora, S. A., Gervaix, A. 2003. Bedside procalcitonin and C-reactive
protein tests in children with fever without localizing signs of infection seen in a referral center.
Pediatrics, 112(5), 1054-1060. doi: https://doi.org/10.1542/peds.112.5.1054.

Verbakel, J. Y., Lemiengre, M. B., de Burghgraeve, T., de Sutter, A., Aertgeerts, B., Bullens, D.
M., Shinkins, B., van den Bruel, A., Buntinx, F. 2015. Validating a decision tree for serious
infection: diagnostic accuracy in acutely ill children in ambulatory care. BMJ open, 5(8), e008657.
doi: http://dx.doi.org/10.1136/bmjopen-2015-008657.

Hewson, P. H., Poulakis, Z., Jarman, F., Kerr, J. F., McMaster, D., Goodge, J., Silk, G. 2000.
Clinical markers of serious illness in young infants: A multicentre follow-up study. J Pediatr
Child Health, 36(3), 221-225. doi: https://doi.org/10.1046/j.1440-1754.2000.00483.x.

Pratt, A., Attia, M. W. 2007. Duration of fever and markers of serious bacterial infection
inyoung febrile children. Pediatr Int, 49(1), 31-35. doi: https://doi.org/10.1111/j.1442-
200X.2007.02316.x.

MccCarthy, P. L., Lembo, R. M., Fink, H. D., Baron, M. A., Cicchetti, D. V. 1987. Observation,
history, and physical examination in diagnosis of serious illnesses in febrile children < 24 months.
The Journal of pediatrics, 110(1), 26-30. doi: https://doi.org/10.1016/S0022-3476(87)80282-2.

MccCarthy, P. L., Sharpe, M. R., Spiesel, S. Z., Dolan, T. F., Forsyth, B. W., DeWitt, T. G., Fink,
H. D., Baron, M. A. and Cicchetti, D. V. 1982. Observation scales to identify serious illness in
febrile children. Pediatrics, 70(5), 802-809. doi: https://doi.org/10.1542/peds.70.5.802.

Wolff, M., Bachur, R. 2009. Serious bacterial infection in recently immunized young febrile
infants. Acad Emerg Med, 16(12), 1284-1289. doi: https://doi.org/10.1111/j.1553-
2712.2009.00582.x.

Bilavsky, E., Shouval, D. S., Yarden-Bilavsky, H., Ashkenazi, S., Amir, J. 2008. Are grunting
respirations a sign of serious bacterial infection in children? Acta Peediatr, 97(8), 1086—-1089. doi:
https://doi.org/10.1111/j.1651-2227.2008.00839.xX.

Herr, S. M., Wald, E. R,, Pitetti, R. D. and Choi, S. S. 2001. Enhanced urinalysis improves
identification of febrile infants ages 60 days and younger at low risk for serious bacterial illness.
Pediatrics, 108(4), 866-871. doi: https://doi.org/10.1542/peds.108.4.866.

Herr, S. M., Wald, E. R., Pitetti, R. D. and Choi, S. S. 2001. Enhanced urinalysis improves
identification of febrile infants ages 60 days and younger at low risk for serious bacterial illness.
Pediatrics, 108(4), 866-871. doi: https://doi.org/10.1542/peds.108.4.866.

Ramgopal, S., Horvat, C. M., Yanamala, N. and Alpern, E. R. 2020. Machine learning. doi:
https://doi.org/10.1542/peds.2019-4096

Velasco, R., Gomez, B., Benito, J., Mintegi, S. 2021. Accuracy of PECARN rule for predicting
serious bacterial infection in infants with fever without a source. Arch Dis Child, 106(2), 143—
148. doi: http://dx.doi.org/10.1136/archdischild-2020-318882.

Kim, Y. S., Kim, K. R., Kang, J. M., Kim, J. M., Kim, Y. J. 2017. Etiology and clinical
characteristics of fever of unknown origin in children: a 15-year experience in a single center.
Korean J Pediatr, 60(3), 77. doi: 10.3345/kjp.2017.60.3.77. doi: 10.3345/kjp.2017.60.3.77.

Marshall, G.S. 2014. Prolonged and recurrent fevers in children. J Infect, 68, S83-S93. doi:
10.1016/j.jinf.2013.09.017.

123



112.

113.

114.

115.

116.

117.

118.

1109.

120.

121.

122.

123.

124.

125.

126.

Chow A, Robinson JL. Fever of unknown origin in children: a systematic review. World Journal
of Pediatrics. 2011;7(1):5-10. doi: https://doi.org/10.1016/j.jinf.2013.09.017.

Pasic, S., Minic, A., Djuric, P., Micic, D., Kuzmanovic, M., Sarjanovic, L., Markovic, M. 2006.
Fever of unknown origin in 185 paediatric patients: A single-centre experience. Acta Paediatr,
95(4), 463-466. doi: 10.1080/08035250500437549.

Cogulu, O., Koturoglu, G., Kurugol, Z., Ozkinay, F., Vardar, F., Ozkinay, C. 2003. Evaluation
of 80 children with prolonged fever. Pediatr Int, 45(5), 564-569. doi: 10.1046/j.1442-
200x.2003.01793.x.

Chantada, G., Casak, S., Daza Plata, J., Pociecha, J., Bologna, R. 1994. Children with fever
of unknown origin in Argentina: an analysis of 113 cases. Pediatr Infect Dis J, 13(4), 260-263.
doi: 10.1097/00006454-199404000-00003.

Zachariasse, J. M., Maconochieg, I. K., Nijman, R. G., Greber-Platzer, S., Smit, F. J., Nieboer, D.,
van der Lei, J., Alves, C. F., Moll, H. A. 2021. Improving the prioritization of children
at the emergency department: Updating the Manchester Triage System using vital signs. PloS one,
16(2), e0246324. doi: 10.1371/journal.pone.0246324.

Roland, D., Lewis, G., Fielding, P., Hakim, C., Watts, A., Davies, F. 2016. The paediatric
observation priority score: a system to aid detection of serious illness and assist in safe discharge.
J Emerg Med, 4(2), 38-44. doi: 10.4236/0jem.2016.42006.

Romaine, S. T., Potter, J., Khanijau, A., McGalliard, R. J., Wright, J. L., Sefton, G., Leigh, S.,
Edwardson, K., Johnston, P., Kerr, A., Schlapbach, L. J. 2020. Accuracy of a modified gSOFA
score for predicting critical care admission in febrile children. Pediatrics, 146(4). doi:
https://doi.org/10.1542/peds.2020-0782.

Zachariasse, J. M., Nieboer, D., Maconochie, I. K., Smit, F. J., Alves, C. F., Greber-Platzer, S.,
Tsolia, M. N., Steyerberg, E. W., Avillach, P., van der Lei, J., Moll, H.A. 2020. Development and
validation of a Paediatric Early Warning Score for use in the emergency department: a multicentre
study. Lancet Child Adolesc Health, 4(8), 583-591.

Schlapbach, L. J., Straney, L., Bellomo, R., MacLaren, G., Pilcher, D. 2018. Prognostic accuracy
of age-adapted SOFA, SIRS, PELOD-2, and gSOFA for in-hospital mortality among children with
suspected infection admitted to the intensive care unit. Int care med, 44(2):179-188. doi:
https://doi.org/10.1016/S2352-4642(20)30139-5.

Chong, S. L., Ong, G. Y. K., Chin, W. Y. W,, Chua, J. M., Nair, P., Ong, A. S. Z,, Ng, K. C,,
Maconochie, I. 2018. A retrospective review of vital signs and clinical outcomes of febrile infants
younger than 3 months old presenting to the emergency department. Plos one, 13(1), p.e0190649.
doi: https://doi.org/10.1371/journal.pone.0190649.

Hanna, C. M., Greenes, D.S. 2004. How much tachycardia in infants can be attributed to fever?
Ann Emerg Med, 43(6), 699—705. doi: https://doi.org/10.1016/j.annemergmed.2003.10.002.

Davies, P., Maconochie, 1. 2009. The relationship between body temperature, heart rate and
respiratory rate in children. Emerg Med J, 26(9), 641-643. doi: 10.1136/em;j.2008.061598.

Taylor, J. A., Del Beccaro, M., Done, S., Winters, W. 1995. Establishing clinically relevant
standards for tachypnea in febrile children younger than 2 years. Arch Pediatr Adolesc Med,
149(3), 283-287. doi: 10.1001/archpedi.1995.02170150063011.

Nijman, R. G., Thompson, M., van Veen, M., Perera, R., Moll, H. A., Oostenbrink, R. 2012.
Derivation and validation of age and temperature specific reference values and centile charts to
predict lower respiratory tract infection in children with fever: prospective observational study.
Bmj, 345. doi: https://doi.org/10.1136/bmj.e4224.

Haggie, S., Barnes, E. H., Selvadurai, H., Gunasekera, H., Fitzgerald, D.A. 2021. Paediatric
pneumonia: deriving a model to identify severe disease. Arch Dis Child. doi:
10.1136/archdischild-2021-322665.

124



127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

Van de Voorde, P., Turner, N. M., Djakow, J., de Lucas, N., Martinez-Mejias, A., Biarent, D.,
Bingham, R., Brissaud, O., Hoffmann, F., Johannesdottir, G. B., Lauritsen, T. 2021. European
Resuscitation Council Guidelines 2021: Paediatric Life Support. Resuscitation, 161, 327-387.
doi: https://doi.org/10.1016/j.resuscitation.2021.02.015.

Fleming, S., Gill, P. J., van den Bruel, A., Thompson, M. 2016. Capillary refill time in sick
children: a clinical guide for general practice. Br J Gen Pract, 66(652), 587-588. doi:
https://doi.org/10.3399/bjgp16X687925.

Oostenbrink, R., Moons, K. G. M., Donders, A. R. T., Grobbee, D. E., Moll, H.A. 2001. Prediction
of bacterial meningitis in children with meningeal signs: reduction of lumbar punctures.
Acta Paediatr, 90(6), 611-617. doi: https://doi.org/10.1111/j.1651-2227.2001.tb02421.X.

de Vos-Kerkhof, E., Krecinic, T., Vergouwe, Y., Moll, H. A., Nijman, R. G., Oostenbrink, R.
2017. Comparison of peripheral and central capillary refill time in febrile children presenting to
a paediatric emergency department and its utility in identifying children with serious bacterial
infection. Arch Dis Child, 102(1), 17-21. doi: http://dx.doi.org/10.1136/archdischild-2015-
308519.

Leonard, P. A., Beattie, T. F. 2004. Is measurement of capillary refill time useful as part of the
initial assessment of children? Eur J Emerg Med, 11(3), 158-163. doi:
10.1097/01.mej.0000127643.38834.86.

Fleming, S., Gill, P., Jones, C., Taylor, J. A., van den Bruel, A., Heneghan, C., Thompson, M.
2015. Validity and reliability of measurement of capillary refill time in children: a systematic
review. Arch Dis Child, 100(3), 239-249. doi: http://dx.doi.org/10.1136/archdischild-2014-
307079.

Fleming, S., Gill, P., Jones, C., Taylor, J.A., van den Bruel, A., Heneghan, C., Roberts, N.,
Thompson, M. 2015. The diagnostic value of capillary refill time for detecting serious illness in
children: a systematic review and meta-analysis. PloS one, 10(9), e0138155. doi:
https://doi.org/10.1371/journal.pone.0138155.

Weiss, S. L., Peters, M. J., Alhazzani, W., Agus, M. S., Flori, H. R., Inwald, D. P., Nadel, S.,
Schlapbach, L. J., Tasker, R. C., Argent, A. C., Brierley, J. 2020. Surviving sepsis campaign
international guidelines for the management of septic shock and sepsis-associated organ
dysfunction in children. Intensive Care Med, 46(1), 10-67. doi: https://doi.org/10.1007/s00134-
019-05878-6.

Davis, A. L., Carcillo, J. A, Aneja, R. K., Deymann, A. J., Lin, J. C., Nguyen, T. C., Okhuysen-
Cawley, R. S., Relvas, M. S., Rozenfeld, R. A., Skippen, P. W., Stojadinovic, B. J. 2017. American
College of Critical Care Medicine clinical practice parameters for hemodynamic support
of pediatric and neonatal septic shock. Crit Care Med, 45(6), 1061-1093. doi:
10.1097/pcc.0000000000001259.

Fitzgerald, J. C., Ross, M. E., Thomas, N. J., Weiss, S. L., Balamuth, F., Chilutti, M., Grundmeier,
R. W., Anderson, A. H. 2021. Association of early hypotension in pediatric sepsis with
development of new or persistent acute kidney injury. Pediatr Nephrol, 36(2), 451-461. doi:
10.1007/s00467-020-04704-2.

Chao, Y. N., Chiu, N. C., Huang, F.Y. 2008. Clinical features and prognostic factors in childhood
pneumococcal meningitis. J Microbiol Immunol Infect, 41(1), 48-53. PubMed PMID: 18327426.

Baraff, L. J. 2003. Clinical policy for children younger than three years presenting
to the emergency department with fever. Ann Emerg Med, 42(4), 546-549. doi:
10.1067/S0196064403007546.

Nomura, O., Ihara, T., Sakakibara, H., Hirokoshi, Y., Inoue, N. 2019. Predicting serious bacterial
infection in febrile young infants utilizing body temperature. Pediatr Int, 61(5), 449-452. doi:
10.1111/ped.13831.

125



140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

Rosenfeld-Yehoshua, N., Barkan, S., Abu-Kishk, I., Booch, M., Suhami, R., Kozer, E. 2018.
Hyperpyrexia and high fever as a predictor for serious bacterial infection (SBI) in children —
a systematic review. Eur J Pediatr, 177(3), 337-344. doi: 10.1007/s00431-018-3098-x.

Jaskiewicz, J. A., McCarthy, C. A., Richardson, A. C., White, K. C., Fisher, D. J., Powell, K .R.,
Dagan, R., Febrile Infant Collaborative Study Groups, 1994. Febrile infants at low risk for serious
bacterial infection—an appraisal of the Rochester criteria and implications for management.
Pediatrics, 94(3), 390-396. doi: https://doi.org/10.1542/peds.94.3.390.

Baker, M. D., Bell, L. M., Avner, J.R. 1993. Outpatient management without antibiotics of fever
in selected infants. N Engl J Med, 329(20), 1437-1441. doi: 10.1056/nejm199311113292001.

Zachariasse, J. M., van der Lee, D., Seiger, N., de Vos-Kerkhof, E., Oostenbrink, R., Moll, H. A.
2017. The role of nurses’ clinical impression in the first assessment of children at the emergency
department. Arch Dis Child, 102(11), 1052-1056. doi: doi: 10.1136/archdischild-2017-312860.

Walsh, P., Thornton, J., Asato, J., Walker, N., McCoy, G., Baal, J., Baal, J., Mendoza, N.,
Banimahd, F. 2014. Approaches to describing inter-rater reliability of the overall clinical
appearance of febrile infants and toddlers in the emergency department. Peer]J, 2, e651. doi:
https://doi.org/10.7717/peer;j.651.

Thompson, M., van den Bruel, A., Verbakel, J., Lakhanpaul, M., Haj-Hassan, T., Stevens, R.,
Moll, H., Buntinx, F., Berger, M., Aertgeerts, B., Oostenbrink, R. 2012. Systematic review and
validation of prediction rules for identifying children with serious infections in emergency
departments and urgent-access primary care. Health Technol Assess, 16(15), 1-100. doi:
https://doi.org/10.1108/cgij.2012.24817caa.003.

Bilkis, M. D., Gorgal, N., Carbone, M., Vazquez, M., Albanese, P., Branda, M. C., Alterman, E.,
Rodriguez, D., Orellana, L., Pedrosa, O. B. 2010. Validation and development of a clinical
prediction rule in clinically suspected community-acquired pneumonia. Pediatr Emerg Care,
26(6), 399-405. doi: 10.1097/PEC.0b013e3181e05779.

Rambaud-Althaus, C., Althaus, F., Genton, B., D'Acremont, V. 2015. Clinical features for
diagnosis of pneumonia in children younger than 5 years: a systematic review and meta-analysis.
Lancet Infect Dis, 15(4),439-450. doi:10.1016/s1473-3099(15)70017-4.

Mahabee-Gittens, E. M., Grupp-Phelan, J., Brody, A. S., Donnelly, L. F., Bracey, S. E. A., Duma,
E. M., Mallory, M. L., Slap, G.B. 2005. Identifying children with pneumonia in the emergency
department. Clin Pediatr, 44(5), 427-435. doi: 10.1177/000992280504400508.

Tagarro, A., Moraleda, C., Dominguez-Rodriguez, S., Rodriguez, M., Martin, M. D., Herreros,
M. L., Jensen, J., Lopez, A., Galan, J. C., Otheo, E. 2022. A tool to distinguish viral from bacterial
pneumonia. Pediatr Infect Dis J, 41(1), 31-36. doi: 10.1097/INF.0000000000003340.

Waterfield, T., Maney, J. A., Fairley, D., Lyttle, M. D., McKenna, J. P., Roland, D., Corr, M.,
McFetridge, L., Mitchell, H., Woolfall, K., Lynn, F. 2021. Validating clinical practice guidelines
for the management of children with non-blanching rashes in the UK (PiC): a prospective,
multicentre cohort study. Lancet Infect Dis, 21(4), 569-577. doi: https://doi.org/10.1016/S1473-
3099(20)30474-6.

Welch, S. B., Nadel, S. 2003. Treatment of meningococcal infection. Arch Dis Child, 88(7), 608—
614. doi: http://dx.doi.org/10.1136/adc.88.7.608.

Nielsen, H. E., Andersen, E. A., Andersen, J., Bottiger, B., Christiansen, K. M., Daugbjerg, P.,
Larsen, S. O, Lind, I., Nir, M., Olofsson, K. 2001. Diagnostic assessment of haemorrhagic rash
and fever. Arch Dis Child, 85(2), 160-165. doi: http://dx.doi.org/10.1136/adc.85.2.160.

Wells, L. C., Smith, J. C., Weston, V. C., Collier, J., Rutter, N. 2001. The child with a non-
blanching rash: how likely is meningococcal disease? Arch Dis Child, 85(3), 218-222. doi:
http://dx.doi.org/10.1136/adc.85.3.218.

126



154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

1609.

170.

Mandl, K. D., Stack, A. M., Fleisher, G. R. 1997. Incidence of bacteremia in infants and children
with fever and petechiae. J Pediatr, 131(3), 398-404. doi: https://doi.org/10.1016/S0022-
3476(97)80065-0.

Brogan, P. A., Raffles, A. 2000. The management of fever and petechiae: making sense of rash
decisions. Arch Dis Child, 83(6), 506-507. doi: http://dx.doi.org/10.1136/adc.83.6.506.

Riordan, F. A. 1., Jones, L., Clark, J. 2016. Validation of two algorithms for managing children
with a nonblanching rash. Arch Dis Child, 101, 709-713. doi: 10.1136/archdischild-2015-309451.

Downes, A. J., Crossland, D. S., Mellon, A.F. 2002. Prevalence and distribution of petechiae
in well babies. Arch Dis Child, 86(4), 291-292. doi: http://dx.doi.org/10.1136/adc.86.4.291.

Klinkhammer, M. D., Colletti, J. E. 2008. Pediatric myth: fever and petechiae. CJEM, 10(5),
479-482. doi: 10.1017/S1481803500010617.

Van lerland, Y., Elshout, G., Moll, H. A., Nijman, R. G., Vergouwe, Y., van der Lei, J., Berger,
M. Y., Oostenbrink, R. 2014. Use of alarm features in referral of febrile children to the emergency
department: an observational study. Br J Gen Pract, 64(618), el-€9. doi: 10.3399/
bjgp14X676393.

McDougall, P., Harrison, M. 2014. Fever and feverish illness in children under five years. Nurs
Stand, 28(30). doi: 10.7748/ns2014.03.28.30.49.e8410.

Crocetti, M. T., Serwint, J. R. 2005. Fever: separating fact from fiction: concern about fever can
lead parents--and health-care providers--to overmonitor and overtreat this common symptom.
Accurate advice to parents begins with a clear understanding of fever on your part. Contemp
Pediatr, 22(1), 34-42.

Broom, M. 2007. Physiology of fever. Nurs Child Young People, 19(6). doi:
10.7748/paed2007.07.19.6.40.c4450.

Reithner, L. 1981. Insensible water loss from the respiratory tract in patients with fever. Acta Chir
Scand, 147(3), 163-167. PMID: 7331652.

Vandenberk, M., de Bondt, K., Nuyts, E., Toelen, J., Verbakel, J. Y. 2020. Shivering has little
diagnostic value in diagnosing serious bacterial infection in children: a systematic review and
meta-analysis. Eur J Pediatr, 1-10. doi: https://doi.org/10.1007/s00431-020-03870-7.

Ayoola, O. O., Adeyemo, A. A., Osinusi, K. 2002. Predictors of bacteraemia among febrile infants
in Ibadan, Nigeria. J Health Popul Nutr, 223-229.

Erell, Y., Youngster, I., Abu-Kishk, 1., Kozer, E. 2017. Shivering in Febrile Children: Frequency
and Usefulness in Predicting Serious Bacterial Infections—A Prospective Case-Control Study. J
Pediatr, 190, 258-260. doi: https://doi.org/10.1016/j.jpeds.2017.06.075.

Shu, L. H., Xu, J. J., Wang, S., Zhong, H. Q., Dong, X. Y., Jiang, K., Zhang, H. Y., Xiong, Q.,
Wang, C., Sun, T., Sun, C. 2015. Distribution of pathogenic microorganisms and its relationship
with clinical features in children with community-acquired pneumonia. Zhongguo dang dai er ke
za zhi (Chinese journal of contemporary pediatrics), 17(10), 1056-1061.

Tal, Y., Even, L., Kugelman, A., Hardoff, D., Srugo, I., Jaffe, M. 1997. The clinical significance
of rigors in febrile children. Eur J Pediatr, 156(6), 457-459. doi: https://doi.org/
10.1007/s004310050638.

Offringa, M., Beishuizen, A., Derksen-Lubsen, G., Lubsen, J. 1992. Seizures and fever: can we
rule out meningitis on clinical grounds alone? Clin Pediatr, 31(9), 514-522. doi: https://doi.org/
10.1177/000992289203100901.

Bilavsky, E., Leibovitz, E., Elkon-Tamir, E., Fruchtman, Y., Ifergan, G., Greenberg, D. 2013.
The diagnostic accuracy of the ‘classic meningeal signs’ in children with suspected bacterial
meningitis. Eur J Emerg Med, 20(5), 361-363. doi: 10.1097/MEJ.0b013e3283585f20.

127



171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

Oostenbrink, R., Moons, K. G., Theunissen, C. C., Derksen-Lubsen, G., Grobbee, D. E., Moll, H.
A. 2001. Signs of meningeal irritation at the emergency department: how often bacterial
meningitis? Pediatr Emerg Care, 17(3), 161-164. doi: 10.1097/00006565-200106000-00003.

Walsh-Kelly, C., Nelson, D. B., Smith, D. S., Losek, J. D., Melzer-Lange, M., Hennes, H. M.,
Glaeser, P.W. 1992. Clinical predictors of bacterial versus aseptic meningitis in childhood. Ann
Emerg Med, 21(8), 910-914. doi: 10.1016/s0196-0644(05)82926-9.

Geiseler, P. J., Nelson, K. E. 1982. Bacterial meningitis without clinical signs of meningeal
irritation. South Med J, 75(4), 448-450. doi: 10.1097/00007611-198204000-00018.

Mann, K., Jackson, M. A. 2008. Meningitis. Pediatr Rev, 29(12), 417-429. doi: 10.1542/pir.29-
12-417.

Rothrock, S. G., Green, S. M., Wren, J., Letai, D., Daniel-Underwood, L., Pillar, E. 1992. Pediatric
bacterial meningitis: is prior antibiotic therapy associated with an altered clinical presentation?
Ann Emerg Med, 21(2), 146-152. doi: 10.1016/s0196-0644(05)80149-0.

Rosenberg, N. M., Meert, K., Marino, D., de Baker, K. 1992. Seizures associated with meningitis.
Pediatr Emerg Care, 8(2), 67—69. doi: 10.1097/00006565-199204000-00002.

Dubos, F., Lamotte, B., Bibi-Triki, F., Moulin, F., Raymond, J., Gendrel, D., Bréart, G.,
Chalumeau, M. 2006. Clinical decision rules to distinguish between bacterial and aseptic
meningitis. Arch Dis Child, 91(8), 647—650. doi: 10.1136/adc.2005.085704.

Al-Eissa, Y. A. 1995. Lumbar puncture in the clinical evaluation of children with seizures
associated with fever. Pediatr Emerg Care, 11(6), 347-350.. doi: 10.1097/00006565-199512000-
00004.

Son, Y. Y., Kim, G. H., Byeon, J. H., Eun, S. H., Eun, B. L. 2018. Need for lumbar puncture
in children younger than 12 months presenting with simple febrile seizure. Pediatr Emerg Care,
34(3), 212-215. doi: 10.1097/pec.0000000000000779.

Watemberg, N., Sarouk, I., Fainmesser, P. 2012. Acute meningitis among infants and toddlers
with febrile seizures: time for a reappraisal of the value of a lumbar puncture. IMAJ-Isr Med Assoc
J, 14(9), 547. PMID: 23101417.

Green, S. M., Rothrock, S. G., Clem, K. J., Zurcher, R. F., Mellick, L. 1993. Can seizures be the
sole manifestation of meningitis in febrile children? Pediatrics, 92(4), 527-534. doi:
https://doi.org/10.1542/peds.92.4.527.

Guedj, R., Chappuy, H., Titomanlio, L., Trieu, T. V., Biscardi, S., Nissack-Obiketeki, G.,
Pellegrino, B., Charara, O., Angoulvant, F., Villemeur, T. B. D., Levy, C. 2015. Risk of Bacterial
Meningitis in Children 6 to 11 Months of Age With a First Simple Febrile Seizure: A
Retrospective, Cross-sectional, Observational Study. Acad Emerg Med, 22(11), 1290-1297. doi:
10.1111/acem.12798.

Joffe, A., McCormick, M., DeAngelis, C. 1983. Which children with febrile seizures need lumbar
puncture?: A decision analysis approach. Am J Dis Child, 137(12), 1153-1156. doi:
10.1001/archpedi.1983.02140380013005.

Saavedra-Lozano, J., Falup-Pecurariu, O., Faust, S. N., Girschick, H., Hartwig, N., Kaplan, S.,
Lorrot, M., Mantadakis, E., Peltola, H., Rojo, P., Zaoutis, T. 2017. Bone and joint infections.
Pediatr Infect Dis J, 36(8), 788-799. doi: 10.1097/inf.0000000000001635.

Peltola, H., Pdadkkonen, M. 2014. Acute osteomyelitis in children. NEJM, 370(4), 352-360. doi:
10.1056/NEJMral1213956.

Bonnetblanc, J. M., Bédane, C. 2003. Erysipelas: recognition and management. Am J Clin
Dermatol, 24(3), 157-163. doi: 10.2165/00128071-200304030-00002.

Dandoy, C. E., Kukreja, K. U., Gruppo, R. A., Patel, M. N., Tarango, C. 2015. Outcomes
in children with deep vein thrombosis managed with percutaneous endovascular thrombolysis.
Pediatr Radiol, 45(5), 719-726. doi: https://doi.org/10.1007/s00247-014-3209-4.

128



188.

1809.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

Desmond, L. N., Fletcher, M. B. and Warrier, R. P. 2019. Fever and Leg Pain: Consider ALL
the Diagnoses. Ochsner J, 19(3), 260-263. doi: https://doi.org/10.31486/t0j.18.0122.

Meningitis (bacterial) and meningococcal septicaemia in under 16s: recognition, diagnosis
and management. National Institute for Health and Care Excellence (NICE). 2010. p.
https://www.nice.org.uk/guidance/cg102.

Baker, M. D., Bell, L.M. 1999. Unpredictability of serious bacterial illness in febrile infants from
birth to 1 month of age. Arch Pediatr Adolesc Med, 153(5), 508-511. doi: 10.1001/
archpedi.153.5.508.

Nigrovic, L. E., Mahajan, P. V., Blumberg, S. M., Browne, L. R., Linakis, J. G., Ruddy, R. M.,
Bennett, J. E., Rogers, A. J., Tzimenatos, L., Powell, E. C., Alpern, E. R. 2017. The Yale
observation scale score and the risk of serious bacterial infections in febrile infants. Pediatrics,
140(1). doi: https://doi.org/10.1542/peds.2017-0695.

Baskin, M. N., O'Rourke, E. J., Fleisher, G. R. 1992. Outpatient treatment of febrile infants 28 to
89 days of age with intramuscular administration of ceftriaxone. J Pediatr, 120(1), 22-27. doi:
https://doi.org/10.1016/S0022-3476(05)80591-8.

Garra, G., Cunningham, S. J. and Crain, E. F. 2005. Reappraisal of criteria used to predict serious
bacterial illness in febrile infants less than 8 weeks of age. Acad Emerg Med, 12(10), 921-925.
doi: https://doi.org/10.1197/j.aem.2005.06.006.

Mintegi, S., Bressan, S., Gomez, B., Da Dalt, L., Blazquez, D., Olaciregui, 1., de la Torre, M.,
Palacios, M., Berlese, P., Benito, J. 2014. Accuracy of a sequential approach to identify young
febrile infants at low risk for invasive bacterial infection. Emerg Med J, 31(el), e19-24. doi:
http://dx.doi.org/10.1136/emermed-2013-202449.

Shaikh, N., Morone, N.E., Bost, J.E., Farrell, M.H. 2008. Prevalence of urinary tract infection
in childhood: a meta-analysis. J Pediatr Infect Dis, 27(4), 302-308. doi: 10.1097/
INF.0b013e31815e4122.

Mori, R., Lakhanpaul, M., Verrier-Jones, K. 2007. Diagnosis and management of urinary tract
infection in children: summary of NICE guidance. Bmj, 335(7616), 395-397. doi:
https://doi.org/10.1136/bmj.39286.700891.AD.

Mackway-Jones, K., Marsden, J., Windle, J. 2014. Emergency Triage: Manchester Triage Group.
New York: New York: John Wiley & Sons, Incorporated.

Brilli, R. J., Goldstein, B. 2005. Pediatric sepsis definitions: past, present, and future. Pediatr Crit
Care Med, 6(3), S6-S8. doi: 10.1097/01.PCC.0000161585.48182.69.

Matics, T. J., Sanchez-Pinto, L. N. 2017. Adaptation and validation of a pediatric sequential organ
failure assessment score and evaluation of the sepsis-3 definitions in critically ill children. JAMA
Pediatr, 171(10), e172352-e172352. doi: 10.1001/jamapediatrics.2017.2352.

Bang, A., Chaturvedi, P. 2009. Yale Observation Scale for prediction of bacteremia in febrile
children. Indian J Pediatr, 76(6), 599-604. doi: https://doi.org/10.1007/s12098-009-0065-6.

Teach, S. J., Fleisher, G. R. 1995. Efficacy of an observation scale in detecting bacteremia
in febrile children three to thirty-six months of age, treated as outpatients. J Pediatr, 126(6),
877-881. doi: 10.1016/s0022-3476(95)70200-8.

Pulliam, P. N., Attia, M. W., Cronan, K. M. 2001. C-reactive protein in febrile children 1 to
36 months of age with clinically undetectable serious bacterial infection. Pediatrics, 108(6),
1275-1279. doi: https://doi.org/10.1542/peds.108.6.1275.

Zorc, J. J., Leving, D. A, Platt, S. L., Dayan, P. S., Macias, C. G., Krief, W., Schor, J., Bank, D.,
Shaw, K. N., Kuppermann, N. 2005. Clinical and demographic factors associated with urinary
tract infection in young febrile infants. Pediatrics, 116(3), 644-648. doi: 10.1542/peds.2004-
1825. PubMed PMID: 16140703.

129



204.

205.

206.

207.

208.

209.

210.

211.

212.

213.

214.

215.

216.

217.

218.

Jamuna, R., Srinivasan, S., Harish, B. N. 2000. Factors predicting occult bacteremia in young
children. Indian J Pediatr, 67(10), 709-711. doi: https://doi.org/10.1007/BF02723923.

Verbakel, J. Y., van den Bruel, A., Thompson, M., Stevens, R., Aertgeerts, B., Oostenbrink, R.,
Moll, H. A., Berger, M. Y., Lakhanpaul, M., Mant, D., Buntinx, F. 2013. How well do clinical
prediction rules perform in identifying serious infections in acutely ill children across an
international network of ambulatory care datasets? BMC Med, 11(1), 1-11. doi:
https://doi.org/10.1186/1741-7015-11-10.

Monteny, M., Berger, M. Y., van der Wouden, J. C., Broekman, B. J., Koes, B.W. 2008. Triage
of febrile children at a GP cooperative: determinants of a consultation. Br J Gen Pract, 58(549),
242-247. doi: https://doi.org/10.3399/bjgp08X279643.

Kansakar, P., Shrestha, P. S., Shrestha, M. 2014. Efficacy of Yale observation scale to detect
serious bacterial infection in febrile children aged one to 36 months. Journal of Patan Academy
of Health Sciences, 1(2), 23-26. doi: https://doi.org/10.3126/jpahs.v1i2.16641.

Florin, T. A., Ramilo, O., Hoyle Jr, J. D., Jaffe, D. M., Tzimenatos, L., Atabaki, S. M., Cohen, D.
M., VanBuren, J. M., Mahajan, P., Kuppermann, N. 2021. Radiographic Pneumonia in Febrile
Infants 60 Days and Younger. Pediatr Emerg Care, 37(5), e221-e226. doi:
10.1097/pec.0000000000002187.

Murphy, M. S., Baker, M. 2014. When used appropriately, NICE’s traffic light system for febrile
children helps clinicians make safe and appropriate decisions. Bmj, 348. doi: 10.1136/bmj.g2518.

Davis, T. 2013. NICE guideline: feverish illness in children—assessment and initial management
in children younger than 5 years. Arch Dis Child Educ Pract Ed, 98(6), 232-235. doi:
10.1136/archdischild-2013-304792.

Verbakel, J. Y., MacFaul, R., Aertgeerts, B., Buntinx, F., Thompson, M. 2014. Sepsis and
meningitis in hospitalized children: performance of clinical signs and their prediction rules in
a case-control study. Pediatr Emerg Care, 30(6), 373-380. doi: 10.1097/pec.0000000000000142.

Yao, S. H. W,, Ong, G. Y. K., Maconochie, I. K., Lee, K. P., Chong, S. L. 2019. Analysis of
emergency department prediction tools in evaluating febrile young infants at risk for serious
infections. Emerg Med J, 36(12), 729-735. doi: 10.1136/emermed-2018-208210.

Fields, E., Chard, J., Murphy, M. S., Richardson, M. 2013. Assessment and initial management
of feverish illness in children younger than 5 years: summary of updated NICE guidance. BMJ,
346, f2866. doi: 10.1136/bmj.f2866.

Irwin, A.D., Wickenden, J., Le Doare, K., Ladhani, S. and Sharland, M. 2016. Supporting
decisions to increase the safe discharge of children with febrile illness from the emergency
department: a systematic review and meta-analysis. Arch Dis Child, 101(3), 259-266. doi:
http://dx.doi.org/10.1136/archdischild-2015-309056.

Oostenbrink, R., Moons, C. G., Derksen-Lubsen, A. G., Grobbee, D. E., Moll, H. A. 2004.
A diagnostic decision rule for management of children with meningeal signs. Eur J Epidemiol,
19(2), 109-116. doi: https://doi.org/10.1023/B:EJEP.0000017828.13995.76.

Brent, A. J., Lakhanpaul, M., Ninis, N., Levin, M., MacFaul, R.,Thompson, M. 2011. Evaluation
of temperature—pulse centile charts in identifying serious bacterial illness: observational cohort
study. Arch Dis Child, 96(4), 368—373. doi: 10.1136/adc.2010.183129.

Yaeger, J. P., Jones, J., Ertefaie, A., Caserta, M. T., van Wijngaarden, E., Fiscella, K. 2021. Using
Clinical History Factors to Identify Bacterial Infections in Young Febrile Infants. J Pediatr, 232,
192-199. doi: https://doi.org/10.1016/j.jpeds.2020.12.079.

Roukema, J., Steyerberg, E.W., van Meurs, A., Ruige, M., van der Lei, J., Moll, H. A. 2006.
Validity of the Manchester Triage System in paediatric emergency care. Emerg Med J, 23(12),
906-910. doi: 10.1136/emj.2006.038877.

130



2109.

220.

221.

222.

223.

224,

225.

226.

227.

228.

229.

230.

231.

232.

233.

Mintegi, S., Benito, J., Sanchez, J., Azkunaga, B., lturralde, I., Garcia, S. 2009. Predictors
of occult bacteremia in young febrile children in the era of heptavalent pneumococcal conjugated
vaccine. Eur J Emerg Med, 16(4), 199-205. doi: 10.1097/MEJ.0b013e32831cefc9.

Milcent, K., Faesch, S., Gras-Le Guen, C., Dubos, F., Poulalhon, C., Badier, I., Marc, E., Laguille,
C., de Pontual, L., Mosca, A., Nissack, G. 2016. Use of procalcitonin assays to predict serious
bacterial infection in young febrile infants. JAMA Pediatr, 170(1), 62-69. doi:
10.1001/jamapediatrics.2015.3210.

Van lerland, Y., Elshout, G., Berger, M. Y., Vergouwe, Y., de Wilde, M., van der Lei, J., Mol, H.
A., Oostenbrink, R. 2015. Translation of clinical prediction rules for febrile children to primary
care practice: an observational cohort study. Br J Gen Pract, 65(633), e224-e233. doi:
https://doi.org/10.3399/bjgp15X684373.

Roukema, J., Steyerberg, E.W., van der Lei, J., Moll, H. A. 2008. Randomized trial of a clinical
decision support system: impact on the management of children with fever without apparent
source. JAMIA, 15(1), 107-113. doi: https://doi.org/10.1197/jamia.M2164..

Irwin, A. D., Grant, A., Williams, R., Kolamunnage-Dona, R., Drew, R. J., Paulus, S., Jeffers, G.,
Williams, K., Breen, R., Preston, J., Appelbe, D. 2017. Predicting risk of serious bacterial
infections in febrile children in the emergency department. Pediatrics, 140(2). doi:
https://doi.org/10.1542/peds.2016-2853.

Nijman, R. G., Vergouwe, Y., Moll, H. A., Smit, F.J., Weerkamp, F., Steyerberg, E. W., van der
Lei, J., de Rijke, Y. B., Oostenbrink, R. 2018. Validation of the Feverkidstool and procalcitonin
for detecting serious bacterial infections in febrile children. Pediatr Res, 83(2), 466-476. doi:
https://doi.org/10.1038/pr.2017.216.

Van de Maat, J. S., Peeters, D., Nieboer, D., van Wermeskerken, A. M., Smit, F. J., Noordzij, J.
G., Tramper-Stranders, G., Driessen, G. J., Obihara, C. C., Punt, J., van der Lei, J. 2020.
Evaluation of a clinical decision rule to guide antibiotic prescription in children with suspected
lower respiratory tract infection in the Netherlands: a stepped-wedge cluster randomised trial.
PLoS Med, 17(1), e1003034. doi: 10.1371/journal.pmed.1003034.

Van de Maat, J., Nieboer, D., Thompson, M., Lakhanpaul, M., Moll, H., Oostenbrink, R. 2019.
Can clinical prediction models assess antibiotic need in childhood pneumonia? A validation study
in paediatric emergency care. PloS one, 14(6), e0217570. doi: 10.1371/journal.pone.0217570.

Swanson, J. A., Schmitz, D., Chung, K.C. 2010. How to practice evidence-based medicine. Plast
Reconstr Surg, 126(1), 286. doi: 10.1097/PRS.0b013e3181dc54ee.

Woolley, A., Kostopoulou, O. 2013. Clinical intuition in family medicine: more than first
impressions. Ann Fam Med, 11(1), 60-66. doi: https://doi.org/10.1370/afm.1433.

Greenhalgh, T. 2002. Intuition and evidence - uneasy bedfellows? Br J Gen Pract, 52(478),
395-400.

Pelaccia, T., Tardif, J., Triby, E., Charlin, B. 2011. An analysis of clinical reasoning through
a recent and comprehensive approach: the dual-process theory. Med Educ Online, 16(1), 890.
doi: 10.3402/me0.v16i0.5890.

Roland, D., Snelson, E. 2019. ‘So why didn’t you think this baby was il1?’Decision-making
in acute paediatrics. Arch Dis Child Educ Pract Ed, 104(1), 43-48. doi: http://dx.doi.org/
10.1136/archdischild-2017-313199.

Stolper, E., van de Wiel, M., van Royen, P., van Bokhoven, M., van der Weijden, T., Dinant, G.

J. 2011. Gut feelings as a third track in general practitioners’ diagnostic reasoning. J Gen Intern
Med, 26(2), 197-203. doi: 10.1007/s11606-010-1524-5.

Ferreira, M. B., Garcia-Marques, L., Sherman, S. J., Sherman, J. W. 2006. Automatic and
controlled components of judgment and decision making. J Pers Soc Psychol, 91(5), 797. doi:
10.1037/0022-3514.91.5.797.

131



234.

235.

236.

237.

238.

239.

240.

241.

242.

243.

244,

245.

246.

247.

248.

249.

250.

Epstein, S. 1994. Integration of the cognitive and the psychodynamic unconscious. Am Psychol,
49(8), 709. doi: 10.1037//0003-066x.49.8.7009.

Stolper, E., van Royen, P., Jack, E., Uleman, J., Olde Rikkert, M. 2021. Embracing complexity
with systems thinking in general practitioners' clinical reasoning helps handling uncertainty.
J Eval Clin Pract, 27(5):1175-1181. doi: 10.1111/jep.13549.

Dhaliwal, G. 2011. Going with your gut. J Gen Intern Med, 26(2), 107-109. doi: 10.1007/s11606-
010-1578-4.

Wiswell, J., Tsao, K., Bellolio, M. F., Hess, E. P., Cabrera, D. 2013. “Sick” or “not-sick”: accuracy
of System 1 diagnostic reasoning for the prediction of disposition and acuity in patients presenting
to an academic ED. Am J Emerg Med, 31(10), 1448-1452. doi: 10.1016/j.ajem.2013.07.018.

Biswas, A. 2015. Gut feeling: Does it have a place in the modern physician’s toolkit? Med Teach,
37(4), 309-311. doi: 10.3109/0142159X.2014.960378.

Stolper, E., van Bokhoven, M., Houben, P., van Royen, P., van de Wiel, M., van der Weijden, T.,
Jan Dinant, G. 2009. The diagnostic role of gut feelings in general practice A focus group study
of the concept and its determinants. BMC Fam Pract, 10(1), 1-9. doi: 10.1186/1471-2296-10-17.

Kahneman, D., Klein, G. 2009. Conditions for intuitive expertise: a failure to disagree.
Am Psychol, 64(6), 515-526. doi: 10.1037/a0016755.

Lambrechts, C., Mees, M., Jacquemyn, Y. 2021. Gut feelings in obstetrics and midwifery: the role
of intuition in deciding when to perform cesarean section during labor. J Psychosom Obstet
Gynaecol, 42(4), 328-334. doi: 10.1080/0167482X.2020.

Hallett, K. B. 2013. The application of caries risk assessment in minimum intervention dentistry.
Aust Dent J, 58, 26-34. doi: 10.1111/adj.12047.

Oliva. B., March, S., Gadea, C., Stolper, E., Esteva, M. 2016. Gut feelings in the diagnostic
process of Spanish GPs: a focus group study. BMJ Open, 6(12), e012847. doi: 10.1136/bmjopen-
2016-012847.

Bruyninckx, R., van den Bruel, A., Hannes, K., Buntinx, F., Aertgeerts, B. 2009. GPs' reasons for
referral of patients with chest pain: a qualitative study. BMC Fam Pract, 10(1), 1-8. doi:
10.1186/1471-2296-10-55.

Melin-Johansson, C., Palmqvist, R., Rénnberg, L. 2017. Clinical intuition in the nursing process
and decision-making — A mixed-studies review. J Clin Nurs, 26(23-24), 3936-3949. doi:
10.1111/jocn.13814.

Lyneham, J., Parkinson, C., Denholm, C. 2008. Intuition in emergency nursing:
a phenomenological study. Int J Nurs Pract, 14(2), 101-108. doi: 10.1111/j.1440-
172X.2008.00672.X.

Van den Brink, N., Holbrechts, B., Brand, P. L., Stolper, E. C., van Royen, P. 2019. Role
of intuitive knowledge in the diagnostic reasoning of hospital specialists: a focus group study.
BMJ open, 9(1), e022724. doi: 10.1136/bmjopen-2018-022724.

Rademaker, M. M., Smit, A. L., Kortekaas, M. F., van Benthem, P. P. G., Stegeman, I. 2019.
Attitude and behaviour of Dutch Otorhinolaryngologists to evidence based medicine. PloS one,
14(12), e0226743. doi: 10.1371/journal.pone.0226743.

De Groot, N. L., van Qijen, M. G. H., Kessels, K., Hemmink, M., Weusten, B. L., Timmer, R.,
Hazen, W. L., van Lelyveld, N., Vermeijden, J. R., Curvers, W. L., Baak, L.C. 2014. Prediction
scores or gastroenterologists’ Gut Feeling for triaging patients that present with acute upper
gastrointestinal bleeding. United European Gastroenterol J, 2(3), 197-205. doi:
10.1177/2050640614531574.

Radtke, A., Pfister, R., Kuhr, K., Kochanek, M., Michels, G. 2017. Is ‘gut feeling’by medical staff
better than validated scores in estimation of mortality in a medical intensive care unit?—the
prospective FEELING-ON-ICU study. J Crit Care, 41, 204-208. doi: 10.1016/j.jcrc.2017.05.029.

132



251.

252.

253.

254.

255.

256.

257.

258.

259.

260.

261.

262.

263.

264.

Markus, P. M., Martell, J., Leister, 1., Horstmann, O., Brinker, J., Becker, H. 2005. Predicting
postoperative morbidity by clinical assessment. Br J Surg, 92(1), 101-106. doi: 10.1002/bjs.4608.

Stolper, E., van Royen, P., van de Wiel, M., van Bokhoven, M., Houben, P., van der Weijden, T.,
Dinant, G. J. 2009. Consensus on gut feelings in general practice. BMC Fam Pract, 10(1), 1-6.
doi: 10.1186/1471-2296-10-66.

Le Reste, J. Y., Coppens, M., Barais, M., Nabbe, P., Le Floch, B., Chiron, B., Dinant, G. J.,
Berkhout, C., Stolper, E., Barraine, P. 2013. The transculturality of ‘gut feelings’. Results from
a French Delphi consensus survey. Eur J Gen Pract, 19(4), 237-243. doi: 10.3109/
13814788.2013.779662.

Stolper, E., van Royen, P., Dinant, G. J. 2010. The ‘sense of alarm’(‘gut feeling’) in clinical
practice. A survey among European general practitioners on recognition and expression.
Eur J Gen Pract, 16(2), 72—74. doi: 10.3109/13814781003653424.

Barais, M., Hauswaldt, J., Dinant, G. J., van de Wiel, M., Stolper, C. F., van Royen, P. 2017.
COGITA network has constructed a glossary of diagnostic reasoning terms. Eur J Gen Pract,
23(1), 53-56. doi: 10.1080/13814788.2016.1242569.

Stolper, C. F., van de Wiel, M. W. J., Hendriks, R. H. M., van Royen, P., van Bokhoven, M. A,
van der Weijden, T., Dinant, G. J. 2015. How do gut feelings feature in tutorial dialogues on
diagnostic reasoning in GP traineeship? Adv Health Sci Educ Theory Pract, 20(2), 499-513. doi:
10.1007/s10459-014-9543-3.

Stolper, E., van Leeuwen, Y., van Royen, P., van de Wiel, M., van Bokhoven, M., Houben, P.,
Hobma, S., van der Weijden, T., Dinant, G. J. 2010. Establishing a European research agenda on
‘gut feelings’ in general practice. A qualitative study using the nominal group technique.
Eur J Gen Pract, 16(2), 75-79. doi: 10.3109/13814781003653416.

Smith, C. F., Kristensen, B. M., Andersen, R. S., Hobbs, F. R., Ziebland, S., Nicholson, B.D.
2021. GPs’ use of gut feelings when assessing cancer risk: a qualitative study in UK primary care.
Br J Gen Pract, 71(706), e356—e363. doi: 10.3399/bjgp21X714269.

Stolper, E., Verdenius, J. P., Dinant, G. J., van de Wiel, M. 2020. GPs’ suspicion of child abuse:
how does it arise and what is the follow-up? Scand J Prim Health Care, 38(2), 117-123. doi:
10.1080/02813432.2020.1755784.

Roland, D., Arshad, F., Coats, T., Davies, F. 2017. Baseline characteristics of the paediatric
observation priority score in emergency departments outside its centre of derivation. Biomed Res
Int, 9060852, doi: 10.1155/2017/9060852.

Carter, B., Roland, D., Bray, L., Harris, J., Pandey, P., Fox, J., Carrol, E. D., Neill, S. 2020. A
systematic review of the organizational, environmental, professional and child and family factors
influencing the timing of admission to hospital for children with serious infectious illness. PloS
one, 15(7), e0236013. doi: 10.1371/journal.pone.0236013.

Ingeman, M. L., Christensen, M. B., Bro, F., Knudsen, S. T., Vedsted, P. 2015. The Danish cancer
pathway for patients with serious non-specific symptoms and signs of cancer—a cross-sectional
study of patient characteristics and cancer probability. BMC cancer, 15(1), 1-11. doi:
10.1186/512885-015-1424-5.

Barais, M., Fossard, E., Dany, A., Montier, T., Stolper, E.,van Royen, P. 2020. Accuracy
of the general practitioner’s sense of alarm when confronted with dyspnoea and/or chest pain:
a prospective observational study. BMJ open, 10(2), e034348. doi: 10.1136/bmjopen-2019-
034348.

Dilaver, N. M., Gwilym, B. L., Preece, R., Twine, C. P., Bosanguet, D. C. 2020. Systematic review
and narrative synthesis of surgeons' perception of postoperative outcomes and risk. BJS open,
4(1), 16-26. doi: 10.1002/bjs5.50233.

133



265.

266.

267.

268.

269.

270.
271.

272.

273.

274.

275.

276.

277.

278.

279.

280.

281.

Pyles, S. H., Stern, P. N.1983. Discovery of Nursing Gestalt in Critical Care Nursing:
The Importance of the Gray Gorilla Syndrome. Image J Nurs Sch, 15(2), 51-57. doi:
10.1111/j.1547-5069.1983.th01356.x.

Hams, S. P. 2000. A gut feeling? Intuition and critical care nursing. Intensive Crit Care Nurs,
16(5), 310-318. doi: 10.1054/iccn.2000.1500.

Donker, G. A., Wiersma, E., van der Hoek, L., Heins, M. 2016. Determinants of general
practitioner's cancer-related gut feelings—a prospective cohort study. BMJ open, 6(9), e012511.
doi: 10.1136/bmjopen-2016-012511.

Pedersen, A. F., Ingeman, M. L., Vedsted, P. 2018. Empathy, burn-out and the use of gut feeling:
a cross-sectional survey of Danish general practitioners. BMJ open, 8(2), e020007. doi:
10.1136/bmjopen-2017-020007.

Pedersen, A. F., Andersen, C. M., Ingeman, M. L., Vedsted, P. 2019. Patient—physician
relationship and use of gut feeling in cancer diagnosis in primary care: a cross-sectional survey
of patients and their general practitioners. BMJ open, 9(7), e027288. doi: 10.1136/bmjopen-2018-
027288.

Hogarth, R. M. 2001. Educating intuition. University of Chicago Press, Chicago.

Harley, A., Latour, J. M., Schlapbach, L. J. 2019. The role of parental concerns in the recognition
of sepsis in children: a literature review. Front Pediatr, 7, 161. doi: 10.3389/fped.2019.0016.

Brennan, C. A., Somerset, M., Granier, S. K., Fahey, T. P., Heyderman, R. S. 2003. Management
of diagnostic uncertainty in children with possible meningitis: a qualitative study. Br J Gen Pract,
53(493), 626-631. PMID: 14601339.

Wilson, K. M., Beggs, S. A., Zosky, G. R., Bereznicki, L. R., Bereznicki, B. J. 2019. Parental
knowledge, beliefs and management of childhood fever in Australia: A nationwide survey. J Clin
Pharm Ther, 44(5), 768-774. doi: 10.1111/jcpt.13000.

Sahm, L. J.,, Kelly, M., McCarthy, S., O'Sullivan, R., Shiely, F., Remsing, J. 2016. Knowledge,
attitudes and beliefs of parents regarding fever in children: a Danish interview study.
Acta Paediatr, 105(1), 69-73. doi: 10.1111/apa.13152.

Kai, J. 1996. Parents' difficulties and information needs in coping with acute illness in preschool
children: a qualitative study. BMJ, 313(7063), 987-990. doi: 10.1136/bmj.313.7063.987.

De, S., Tong, A., lsaacs, D., Craig, J. C. 2014. Parental perspectives on evaluation and
management of fever in young infants: an interview study. Arch Dis Child, 99(8), 717—723. doi:
10.1136/archdischild-2013-305736.

Enarson, M. C., Ali, S., Vandermeer, B., Wright, R. B., Klassen, T. P., Spiers, J. A. 2012. Beliefs
and expectations of Canadian parents who bring febrile children for medical care. Pediatrics,
130(4), e905-€912. doi: 10.1542/peds.2011-2140.

Betz, M. G., Grunfeld, A.F. 2006. ‘Fever phobia’in the emergency department: a survey
of children's caregivers. Eur J Emerg Med, 13(3), 129-133. doi: 10.1097/
01.mej.0000194401.15335.c7.

Wallenstein, M. B., Schroeder, A. R., Hole, M. K., Ryan, C., Fijalkowski, N., Alvarez, E.,
Carmichael, S. L. 2013. Fever literacy and fever phobia. Clin Pediatr (Phila), 52(3), 254-259.
doi: 10.1177/0009922812472252.

Dong, L., Jin, J., Lu, Y., Jiang, L., Shan, X. 2015. Fever phobia: a comparison survey between

caregivers in the inpatient ward and caregivers at the outpatient department in a children’s hospital
in China. BMC Pediatr, 15(1), 1-9. doi: 10.1186/s12887-015-0475-8.

Purssell, E. 2009. Parental fever phobia and its evolutionary correlates. J Clin Nurs, 18(2),
210-218. doi: 10.1111/j.1365-2702.2007.02077.X.

134



282.

283.

284.

285.

286.

287.

288.

289.

290.

291.

292.

293.

294.

295.

296.

297.

298.

Purssell, E., Collin, J. 2016. Fever Phobia: The impact of time and mortality—a systematic review
and meta-analysis. Int J Nurs Stud, 56, 81-89. doi: 10.1016/j.ijnurstu.2015.11.001.

Rupe, A., Ahlers-Schmidt, C. R., Wittler, R. 2010. A comparison of perceptions of fever and fever
phobia by ethnicity. Clin Pediatr (Phila), 49(2), 172-176. doi: 10.1177/0009922809336208.

Sakai, R., Okumura, A., Marui, E., Niijima, S., Shimizu, T. 2012. Does fever phobia cross
borders? The case of Japan. Pediatr Int, 54(1), 39-44. doi: 10.1111/j.1442-200X.2011.03449.x.

Kelly, M., Sahm, L. J., Shiely, F., O’Sullivan, R., de Bont, E. G., Mc Gillicuddy, A., Herlihy, R.,
Dahly, D., McCarthy, S. 2017. Parental knowledge, attitudes and beliefs on fever: a cross-
sectional study in Ireland. BMJ open, 7(7), e015684. doi: 10.1136/bmjopen-2016-015684.

Bereznicki, B. J., Tucker, M. G., Beggs, S. A., Zosky, G. R., Bereznicki, L. R. 2018. Emergency
department presentations of febrile children to an Australian public hospital. J Paediatr Child
Health, 54(12), 1308-1313. doi: 10.1111/jpc.14071..

Walsh, A., Edwards, H.,Fraser, J. 2007. Influences on parents’ fever management: beliefs,
experiences and information sources. J Clin Nurs, 16(12), 2331-2340. doi: 10.1111/j.1365-
2702.2006.01890.x.

Thompson, A. P., Nesari, M., Hartling, L., Scott, S. D. 2020. Parents’ experiences and information
needs related to childhood fever: a systematic review. Patient Educ Couns, 103(4), 750—763. doi:
10.1016/j.pec.2019.10.004.

Kai, J. 1996. What worries parents when their preschool children are acutely ill, and why:
a qualitative study. Bmj, 313(7063), 983-998. doi: 10.1136/bm;j.313.7063.983.

de Bont, E. G., Loonen, N., Hendrix, D. A., Lepot, J. M., Dinant, G. J., Cals, J. W. 2015.
Childhood fever: a qualitative study on parents’ expectations and experiences during general
practice out-of-hours care consultations. BMC Fam Pract, 16(1), 1-9. doi: 10.1186/s12875-015-
0348-0.

Kelly, M., Sahm, L., McCarthy, S., O’Sullivan, R., Mc Gillicuddy, A., Shiely, F. 2019.
Randomised controlled trial of an intervention to improve parental knowledge and management
practices of fever. BMC Pediatr, 19(1), 1-10. doi: 10.1186/s12887-019-1808-9.

de Bont, E. G., Dinant, G. J., Elshout, G., van Well, G., Francis, N. A., Winkens, B., Cals, J. W.
2018. Booklet for childhood fever in out-of-hours primary care: a cluster-randomized controlled
trial. Ann Fam Med, 16(4), 314-321. doi: 10.1370/afm.2265.

Young, M., Watts, R. Wilson, S. 2010. The effectiveness of educational strategies in improving
parental/caregiver management of fever in their child: JBI Libr Syst Rev, 8(21), 826-868. doi:
10.11124/01938924-201008210-00001.

Balode A., Strazdina, D, Zavadska, D. 2017. Febrilu pacientu apmeklgjumu analize Beérnu
klmiskas universitates slimnicas Neatlieckamas mediciniskas palidzibas un observacijas nodala.
RSU Zinatniskie raksti 2017, 67—74.

Personalised Risk assessment in febrile illness to optimise Real-life Management across
the European Union. Available from: https://www.perform2020.org/.

Roland, D. 2012. Paediatric early warning scores: Holy Grail and Achilles' heel. Arch Dis Child
Educ Pract Ed, 97(6), 208-215. doi: 10.1136/archdischild-2011-300976.

Fleming, S., Thompson, M., Stevens, R., Heneghan, C., Pliddemann, A., Maconochie, I,
Tarassenko, L., Mant, D. 2011. Normal ranges of heart rate and respiratory rate in children from
birth to 18 years of age: a systematic review of observational studies. Lancet, 377(9770),
1011-1018. doi: 10.1016/S0140-6736(10)62226-X.

Thompson, M. J., Harnden, A., Mar, C. D. 2009. Diagnosis in General Practice: Excluding Serious
lliness in Feverish Children in Primary Care: Restricted Rule-out Method for Diagnosis.
BMJ, 338(7701), 1006-1008. doi: 10.1136/bmj.b1187.

135



299.

300.

301.

302.

303.

304.

305.

306.

307.

308.

309.

310.

311.

312.

313.

314.

Luszczak, M. 2001. Evaluation and management of infants and young children with fever.
Am Fam Physician, 64(7), 1219-1226.

Stolper, C., van de Wiel, M., de Vet, H., Rutten, A., van Royen, P., van Bokhoven, M., van der
Weijden, T., Dinant, G. J. 2013. Family physicians' diagnostic gut feelings are measurable:
construct validation of a questionnaire. BMC Fam Pract, 14, 1. doi: 10.1186/1471-2296-14-1.

Bujang, M. A., Sa’at, N., Bakar, T. 2018. Sample size guidelines for logistic regression from
observational studies with large population: emphasis on the accuracy between statistics and
parameters based on real life clinical data. Malays J Med Sci, 25(4), 122-130. doi:
10.21315/mjms2018.25.4.12.

Carter, J. V., Pan, J., Rai, S. N., Galandiuk, S. 2016. ROC-ing along: Evaluation and interpretation
of receiver operating characteristic curves. Surgery, 159 (6) : 1638-1645.

Francis, J. J., Johnston, M., Robertson, C., Glidewell, L., Entwistle, V., Eccles, M. P. and
Grimshaw, J. M. 2010. What is an adequate sample size? Operationalising data saturation
for theory-based interview studies. Psychol Health, 25(10), 1229-1245. doi:
10.1080/08870440903194015.

Braun V, Clarke V. 2006. Using thematic analysis in psychology. Quali-tative Research
in Psychology, 3(2):77-101. doi: 10.1191/1478088706gp0630a.

Barais, M., Morio, N., Cuzon Breton, A., Barraine, P., Calvez, A., Stolper, E., van Royen, P.,
Liétard, C. 2014. “I can't find anything wrong: it must be a pulmonary embolism”: diagnosing
suspected pulmonary embolism in primary care, a qualitative study. PLoS One, 9(5), €98112. doi:
10.1371/journal.pone.0098112.

Al-Eissa, Y. A., Al-Sanie, A. M., Al-Alola, S. A., Al-Shaalan, M. A., Ghazal, S. S., Al-Harbi, A.
H., Al-Wakeel, A. S. 2000. Parental perceptions of fever in children. Ann Saudi Med, 20(3-4),
202-205. doi: 10.5144/0256-4947.2000.202.

Hiller, M. G., Caffery, M. S., Bégué, R. E. 2019. A survey about fever knowledge, attitudes, and
practices among parents. Clin Pediatr (Phila), 58(6), 677—680. doi: 10.1177/0009922819834276.

Hussain, S. M., Al-Wutayd, O., Aldosary, A. H., Al-Nafeesah, A., AlE’ed, A., Alyahya, M. S.,
Alfeneekh, A. S., AlKadi, S. A., Alghasham, G. A., Aloyaidi, G. A. 2020. Knowledge, Attitude,
and Practice in Management of Childhood Fever Among Saudi Parents. Glob Pediatr Health, 7,
p.2333794X20931613. doi: 10.1177/2333794X20931613.

Karwowska, A., Nijssen-Jordan, C., Johnson, D., Davies, H. D. 2002. Parental and health care
provider understanding of childhood fever: a Canadian perspective. CJEM, 4(6), 394—400. doi:
10.1017/s1481803500007892.

Poirier, M. P., Collins, E. P., McGuire, E. 2010. Fever phobia: a survey of caregivers of children
seen in a pediatric emergency department. Clin Pediatr (Phila), 49(6), 530-534. doi:
10.1177/0009922809355312.

World Health Organization. 2013. Pocket book of hospital care for children: guidelines
for the management of common childhood illnesses. Available at: https://www.who.int/
publications/i/item/978-92-4-154837-3.

Emmerton, L., Chaw, X. Y., Kelly, F., Kairuz, T., Marriott, J., Wheeler, A., Moles, R. 2014.
Management of children’s fever by parents and caregivers: Practical measurement of functional
health literacy. J Child Health Care, 18(4), 302-313. doi: 10.1177/1367493513496663.

Chiappini, E., Parretti, A., Becherucci, P., Pierattelli, M., Bonsignori, F., Galli, L., de Martino, M.
2012. Parental and medical knowledge and management of fever in Italian pre-school children.
BMC Pediatr, 12(1), 1-10. doi: 10.1186/1471-2431-12-97.

de Bont, E. G., Francis, N. A, Dinant, G. J., Cals, J. W. 2014. Parents’ knowledge, attitudes, and
practice in childhood fever: an internet-based survey. Br J Gen Pract, 64(618), e10-e16. doi:
10.3399/bjgp14X676401.

136



315.

316.

317.

318.

3109.

320.

321.

322.

323.

324.

325.

326.

327.

328.

Bertille, N., Purssell, E., Hjelm, N., Bilenko, N., Chiappini, E., de Bont, E. G., Kramer, M. S.,
Lepage, P., Lava, S. A., Mintegi, S., Sullivan, J. E. 2018. Symptomatic management of febrile
illnesses in children: a systematic review and meta-analysis of parents' knowledge and behaviors
and their evolution over time. Front Pediatr, 6, 279. doi: 10.3389/fped.2018.00279.

Edwards, G., Fleming, S., Verbakel, J. Y., van den Bruel, A., Hayward, G. 2022. Accuracy
of parents' subjective assessment of paediatric fever with thermometer measured fever
in a primary care setting. BMC primary care, 23(1), 1-5. doi: 10.1186/s12875-022-01638-6.
PubMed PMID: 35189829.

Wright, A. D., Liebelt, E. L. 2007. Alternating antipyretics for fever reduction in children:
an unfounded practice passed down to parents from pediatricians. Clin Pediatr (Phila), 46(2),
146-150. doi: 10.1177/0009922806293922.

Cabral, C., Ingram, J., Hay, A. D., Horwood, J. 2014. “They just say everything's a virus” —
Parent's judgment of the credibility of clinician communication in primary care consultations for
respiratory tract infections in children: A qualitative study. Patient Educ Couns, 95(2), 248-253.
doi: 10.1016/j.pec.2014.01.010.

Walsh, A. M., Edwards, H. E., Courtney, M. D., Wilson, J. E., Monaghan, S. J. 2006. Paediatric
fever management: continuing education for clinical nurses. Nurse Educ Today, 26(1), 71-77. doi:
10.1111/.1365-2648.2006.03802.x.

Halls, A., van’t Hoff, C., Little, P., Verheij, T., Leydon, G. M. 2017. Qualitative interview study
of parents’ perspectives, concerns and experiences of the management of lower respiratory tract
infections in children in primary care. BMJ open, 7(9), e015701. doi: 10.1136/bmjopen-2016-
015701.

Rolls, M. 2019. Implementing a paediatric early warning score into pre-hospital practice. Paramed
J, 4(1), 42-43. doi: 10.29045/14784726.2019.06.4.1.42.

Mulders, M. C., Loots, F. J., van Nieuwenhoven, J., Ter Maaten, J. C., Bouma, H.R. 2021. Use
of sepsis-related diagnostic criteria in primary care: a survey among general practitioners.
Fam Pract, 38(5), 617-622. doi: 10.1093/fampra/cmab020.

Kelly, M., McCarthy, S., O’Sullivan, R., Shiely, F., Larkin, P., Brenner, M., Sahm, L. J. 2016.
Drivers for inappropriate fever management in children: a systematic review. Int J Clin Pharm,
38(4), 761-770. doi: 10.1007/s11096-016-0333-2.

Ong, T.E. L., Kua, J. P. H., Yiew, L. J,, Lim, Z. Y., Thia, M. X. H., Sung, S.C. 2018. Assessing
effective methods to educate caregivers on fever in children aimed at reducing input
to the paediatric emergency department. Proceedings of Singapore Healthcare, 27(2), 73-84.
doi: 10.1177/2010105817733271.

Sarrell, M., Kahan, E. 2003. Impact of a single-session education program on parental knowledge
of and approach to childhood fever. Patient Educ Couns, 51(1), 59-63. doi: 10.1016/S0738-
3991(02)00150-7.

Reid, S., Neto, G., Tse, S., Farion, K. J., Marvizi, A., Smith, L., Clarkin, C., Rohde, K., Moreau,
K. 2017. Education in the waiting room: description of a pediatric emergency department
educational initiative.  Pediatr Emerg Care, 33(10), e87-€91. doi: 10.1097/
PEC.0000000000001140.

Chang, L. C., Lee, P. I, Guo, N. W., Huang, M. C. 2016. Effectiveness of simulation-based
education on childhood fever management by Taiwanese parents. Pediatr Neonatol, 57(6),
467-473. doi: 10.1016/j.pedne0.2015.10.011.

Considine, J. and Brennan, D. 2007. Effect of an evidence-based education programme on ED
discharge advice for febrile children. J Clin Nurs, 16(9), 1687-1694. doi: 10.1111/j.1365-
2702.2006.01716.x.

137



329. Monsma, J., Richerson, J., Sloand, E. 2015. Empowering parents for evidence-based fever
management: An integrative review. J Am Assoc Nurse Pract, 27(4), 222-229. doi: 10.1002/2327-

6924.12152.

330. Villarejo-Rodriguez, M.G. and Rodriguez-Martin, B. 2020. Behavior of parents seeking care from
emergency services due to fever in children. J Nurs Scholarsh, 52(2), 136-144. doi:

10.1111/jnu.12538.

138



Acknowledgements

I would like to express my most sincere gratitude towards my scientific supervisors —
associated professors Jana Pavare and Dace Zavadska. Thank you for your valuable guidance
in the research process and for your patience in every step of completing it. | am also grateful
to my scientific advisors, Dace Gardovska, Henriette Moll, and Andrejs Ivanovs, for their
insight and ideas that were very helpful. I would also like to thank the research process organiser
Iréna Rogovska for her invaluable advice in conducting the study.

| would also like to thank the funders of the PERFORM project — European Union’s
Horizon 2020 research and innovation programme. My deepest gratitude goes to my fellow
PERFORM project members in Riga Stradin§ University — Anda Balode, Arta Barzdina, Darta
Deksne, leva Kravale, Anija Meiere, leva Nokalna, Zanda Pucuka, Aleksandra Rudzate,
Katrina Selecka, and Emils Smiting, for their contribution in recruiting the patients for the
research project. In addition, 1 would like to thank Dita Gaidule-Logina, Madara Katvare,
Mareks Marcuks, and Lizete Klavina, for their assistance in data collection.

I am deeply grateful to statistician Eva PetroSina for her very helpful assistance in data
analysis and creation of the clinical prediction models. I also thank Jurgis Suba for his
contribution to statistical analysis of the data.

| am thankful towards my alma mater Riga Stradin§ University, for the education
provided during my undergraduate studies, medical residency, and now as far as doctorate
studies. Thank you Riga State Gymnasium No 1 for preparing me for the university, and special
thank you to my English teachers — Nancy Schnore and leva Sentivani — who helped me to
acquire the very necessary skills in academic writing.

Finally, I would like to thank my family and friends for their patience and moral support
they provided during my doctoral studies, especially Mara Suba, Uldis Urbans, Jurgis Suba,
Anna Urbane, Ilze Urbane, Baiba Pudane, and Austra Klotina. Thank you for being with me

through one of the most challenging times of my life.

139



Appendices



L N o g K~ w0 DR

10.

Appendix 1 — Case Report Form (English)

Diagnostic value of clinical presentation, parental concern and clinicians’ gut feeling
in identifying serious bacterial infections in febrile children

Clinical history and investigations

Age of patient (years + months)

Gender of the patient

Date of onset of symptoms

Date of the onset of fever

Date and time when seen at the ED

Highest body temperature during this episode, °C

Triage code

Vital signs on admission:

a. Body temperature

b. Heatt rate
C. Respiratry rate
d. Oxygen saturation (L inair / [ with O2 supplement)
e. Systolic blood pressure
f.  Calpillary refill time
g. Consciousness (GCS)
h.  1ll appearance (0 Yes / LINo)
On antibiotics before admission (during this episode)?
a. [IYes
i. (medication 1 Date when started )
ii. (medication 2 Date when started )
b. [INo

Comorbidities:

a.  [1None or unknown
b. 1 Malignancy (please specify )
¢. [JPulmonary (please specify )
d. [ Prematurity (time of gestation )
[] Gastrointestinal (please specify )
f. 1 Neurologic disorders (please specify )
g. [ Cardiovascular (please specify )
h. [0 Recent surgery (please specify )
i.  [JImmunodeficiency (incl. iatrogenic )
J. [ Foreign body (e.g. catheter, specify )
k. ] Allergic disease (please specify )
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11.
12.
13.
14.
15.

Appendix 1 continued

I. [ Endocrine (please specify )

m. [ Genetic (please specify )

n. [ Consanguinity (please specify )

0. [ Organ transplant (please specify )

p. [l History of sepsis / serious illness (please specify )

Does comorbidityincrease infection risk? (L) yes / [INo)

Routinely used medication:

Does medication increase infection risk? (LI yes / LINO)

Initial working diagnosis:

Please fill the following (Tick the appropriate)
1) Quality of cry:

a) Strong with normal tone OR Content and not crying
b) Whimpering OR Sobbing
¢) Weak OR Moaning OR High pitched

2) Reaction to parent stimulation

a) Cries briefly then stops OR Content and not crying

b) Cries off and on

¢) Continual cry OR hardly responds

3) State variation

a) If awake, stays awake OR If asleep and stimulated, wakes up quickly

b) Eyes close briefly, awakes up with prolonged stimulation

c) Awake OR Falls to sleep OR Does not wake up

4)  Skin colour:

a) Pink (or appropriate to ethnicity)

b) Pale extremities or acrocyanosis
¢) Pale OR Cyanotic OR Mottled OR Ashen

5) Hydration

a) Skin normal, eyes normal AND mucous membranes moist
b) Skin, eyes normal AND Mouth slightly dry
¢) Skin doughy / tented AND Dry mucous membranes AND/OR sunken eyes

6)  Reaction (talk, smile) to social overtures

a) Smiles or alerts (< =2 mo)
b) Brief smile OR alerts briefly (< =2 mo)

c) No smile, face anxious / dull / expressionless OR no alerting (< = 2 mo)
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Appendix 1 continued

16. Which of the following features are present in the child’s physical examination data or history
of this episode? (tick the appropriate)

1)
2)
3)
4)
5)
6)
7)
8)
9)
10)
11)
12)
13)
14)
15)
16)
17)
18)
19)
20)
21)
22)
23)
24)
25)

Il appearance
Drowsiness
Lethargy
Irritability
Grunting
Inconcolable crying
Decreased appetite

Refusal of any kind of food
Refusal of any kind of drink
Decreased urine output
Decreased skin turgor
Cyanosis
Tachypnoea
Crackles (type)

Decreased breathing sounds
Shortness of breath

Chest retractions

Poor peripheral circulation
Positive meningeal signs
Non-blanching rash
Seizures

Hypotension
Unconsciousness
Hypothermia

Parental concern
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Radiology results:

Scoring of chest X-rays yes no

Had CXR? [ []

Appendix 1 continued

Other diagnostic radiology

Result

Maximum Leu/Neutrophil count during this ef

Normal [] [] MRI
Infiltrates [] [] CT
Pneumonia with consolidation [] [] |Ultrasound
Pleural effusion [] [] Other
Other: (][]
Blood tests (on
admission
Units Results
DATE: : dd/mmlyy
Time: | hh:mm
Leu | 109%L
Neu @ 109L
Ly | 109/L
CRP ' mg/L
Maximum CRP during this episode (mg/L):

(10°/L):

SURGICAL OPERATIONS DURING THIS ADMISSION
Description

Date

DD/ MM/YY

DD/ MM/YY
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VIROLOGY & BACTERIOLOGY

Appendix 1 continued

Test | Date(s) (ddmmyy) Results
Cantral fine [ Peri Rl maiin
Blood culture | [] & Penpheral [ “EE;“E“-
Blood PCE, rapid O Eag [ PCE[] Bl nagative
antigen (bacteriology) O
BEH p—
Blood PCR (virology) | [] o egative [
} White cells Meutrophils %/aks Lymphocytes o/abs
CSF metrics | [] Protein CSF & blood Glucose CSF lactate
ultura [] BAgTF [ PCE All Tv;
CSF bacterial | [0 culture [ RATF O PCRED negative [
PCR Negativ
CSF virology | [ = agative [
. . Dhpstix results (pitrites, leukocytas) | Microscopy (epithelial & white calls)
Urinalysis O
. . culturs 1 RAz [ PCE[] Al negativa [
Urine organism | [
ulture [} RAgTF ] PCR Al Iv
Nose, throat swab | [} ¢ O RaF O o negative [
Nasopharyngeal 0 eulture [} RAgTF [J PCE[] Al nagative L
aspirate
Stool bacteriology | []
Stool virology | [ RATFO PCROD All nagative
HNegativ
BAL : [ agative L
Magativ
ETT Aspirate | [ agative [
Wound swab | [] MNegative []
Skin swab | [J Negative []
Magativ
Serology results | [ agative [
] o Culture [] Microscopy [ PCE[] IGEA LD Al negativa [
TB investigations ; [}

17. Was antimicrobial treatment prescribed?

a. [lYes

i. (medication 1

ii.  (medication 2

b. [TNo

Date and time of discharge
Date when the patient had fever above 38 °C for the last time

Final diagnosis

date

date

Duration of treatment (days) )
Duration of treatment (days) )
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Appendix 2 — Case Report Form (Latvian)

Klinisko pazimju kopuma, vecaku un arstu izvértéjuma nozime bérnu ar drudzi izmekleésana

N o~ DN

un arstéSana, ka art smagu bakterialu infekciju agrina atpaziSana

Anamnézes dati un kliniskas pazimes

Pacienta vecums (gadi + ménesi)

Pacienta dzimums

Klmisko simptomu sak$anas datums

Drudza sakSanas datums

Iestasanas datums, laiks

Augstaka kermena T saslimSanas epizode

Vitalas pazimes iestajoties:
a. Kermena temperattira

b. Sirdsdarbibas frekvence

Elposanas frekvence

c
d. Skabekla saturacija ([ istabas gaisa / [1ar O2 padevi)

Asinsspiediens

€

f.  Rekapilarizacijas laiks
0. Apzina (GKS balles)
h. B@rns izskatas slims ([1Ja/[1Ng)

Vai san€mis antibakterialo terapiju pirms iestasanas (epizodes ietvaros)

a. [lJa
i. (medikaments 1 Uzsak$anas datums )
ii. (medikaments 1 Uzsak$anas datums )
b. [IN¢
Blakusslimibas:
a. [JNav vai nav zinamas
b. [ Malignitate (precizét )
C. []Plausu saslim§anas (precizet )
d. [ Priekslaikus dzimis (gestacijas nedéla )
(1 Kunga-zarnu trakta saslimsanas (precizét )
f.  [JNeirologiskas saslim$anas (precizét )
0. [ Sirdskaites (precizét )
h. [ Nesena operacija (precizét )
i.  [1Imindeficits (ieskaitot jatrogénu imiinsupresiju )
J. [1Sveskermenis (piem., zonde, Porta kateters u.c. )
k. [ Alergiskas saslimSanas (precizet )
I.  [J Endokrinas saslimSanas (precizet )
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10.
11.
12.
13.
14.

Appendix 2 continued

m. [ Genétiskas saslim$anas (precizét )

n. [1Be&rns no radniecigas laulibas / savienibas (precizét )
0. [JOrganu transplantacija (precizet )

p. [JSmaga saslim$ana anamnéze (precizet )

Vai esosas blakusslimibas palielina infekciju risku? (O Ja / [ Ng)

Pastavigi lietotie medikamenti:

Vai pastavigi lietotie medikamenti palielina infekciju risku? ([J Ja / 0 Ng)

Sakotngja diagnoze:

Ludzu aizpildit sekojoso (vajadzigo atzimét)

1) RaudaSanas veids:

a) Beérns neraud (ir apmierinats) vai spécigs kliedziens
b) Snukst

c) Vajs kliedziens / stenésana / spalgi kliedzieni

2) Izturésanas vecaku klatbiitné

a) Apmierinats vai raud slaicigi

b) Ik pa laikam raud

€) Nepartraukti raud, nav nomierinams

3)  Apzina

a) Nomoda vai viegli pamodinams

b) Miegains

€) Nav pamodinams

4) Adas krasa:

a) Sarta (vai atbilstoSa etniskajai piederibai)

b) Balas ekstremitates vai akrocianoze

c) Peléciga / marmoriz&ta / cianotiska / bala

5) Hidratacija

a) Glotadas valgas, turgors neizmainits

b) Sausa mutes glotada

€) Sausas glotadas / iekritusas acis

6) Reakcija uz socialiem stimuliem

a) Atsmaida (< 2 mén. — pamostas, reagg)

b) Islaicigi smaida (< 2meén. - Tslaicigi pamostas, reagg)

¢) Nesmaida / uztraukts / bez izteiksmes (< 2 mén. — nereagg)
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Appendix 2 continued

15. Vai bérna §1s saslimSanas epizodes laika anamngze un fizikalas izmeklesanas datos sastopams
kads no sekojosajiem (atzZimé&t esoso):

1)
2)
3)
4)
5)
6)
7)
8)
9)
10)
11)
12)
13)
14)
15)
16)
17)
18)
19)
20)
21)
22)
23)
24)
25)

Toksisks izskats / bérns izskatas smagi slims

Miegainiba

Letargija

Viegla uzbudinamiba
StenéSana
Nepartraukta raudasana
Samazinata apetite
AtteikSanas &st
AtteikSanas no Skidruma
Samazinata urinacija
Samazinas audu turgors
Cianoze

Tahipnoe

Troksni plausas (kadi)

Novajinata elposana

Elpas trikums

Elposana ar paligmuskulatiiras lidzdalibu
Mikrocirkulacijas traucgjumi

Pozitivi meningealie simptomi

Petehiali izsitumi

Krampyji

Arteriala hipotensija

Bezsamana

Hipotermija

Vecaki Joti satraukti par bérna veselibas stavokli

148



Appendix 2 continued

Radiologiskie izmekl&éjumi:

Kraskurvja rentgenogramma ja né Citi attéldiagnostikas izmekléjumi
Vai tika vekts kraskurvja RTG?  [] [] Rezultati
Bez patologijas [ ] [] MRI
Infiltrati [ [ CT
Pneimonija ar konsolidaciju [] [] USG
Izsvidums pleira  [] [] Citi:
Cits: HEE
Operacijas epizodes laika
Datums Apraksts
/ /
/ /

Izmekléjumi (iestajoties):
asinsaina + biokimija

Vienibas Rezultats

DATUMS: | dd/mmlyy

Laiks: | hh:mm

Leikoctti i 109/L

Neitrofilie leikociti : 109/L

Limfoctti - 109/L

CRO | mg/L

Maksimala CRO vértiba saslimsanas laika (mg/L): Maksimalais leikocitu skaits saslimsanas laik
(10°/L): oo
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Appendix 2 continued

Virusologiskie un bakteriologiskie izmekléjumi (ja tadi veikti)

Izmeklgjumi | Datums (ddmmyy) Rezultati
. - Centrala véna Periféra véna Megafivs
Asins kultdra : [] = o gativsL]
Baktériju PKR un Reksprestests [ PKR [ Negafivs[]
antigénu noteik3anas ; [J
testi
. PER Megativs
Virusu PKR testi | [J «*b gafivsL)
. . - Leu MNeuds/abs Ly %/abs
Likvora izmekigjumi | [ Olbaltums glikoze asinis un likvera laktats
) - Kultdr Eksprestest/IF PK MNegafivs|
Likvora bakteriolodija | [ o Eksp & P gafivsL]
) ) L PKR [] Megafivs[]
Likvora virusologija i [J
- - Ar sfripu (nitrti, lew) Mikroskopija (epitelidlds £, leu)
Urina anahze : [
- _. Kultdr Ekspresiesis PKR MNegafivs|
Urina uzsgjums | [ a P 8 erb gativs
) o Kultiral ] Eksprestests [] PKR[] Megaftes[_]
Nazofaringeala iztriepe | [
Nazofaringealais D Kultdra[ ] Eksprestests ] PKR[] Megativs[_]
aspirats
. . . Kultdr Eksprestests PKR MNegatTvs|
F&tu bakteriologija | [] o p o Peb gafivsL]
Fatu virusolodiia O EksprestestsilF [] PKR ] Megaftes[_]
- _ Megafivs
Iztriepe no briices i [J gativsL]
= - Megafivs[_]
Adas iztriepe | [
Megafivs
Serologija | [ gafivsL]
. _. . Kultdra Mikroskopija PER IGRA MNegafivs|
TB izmekigjumi ;| [ = pia L PR d gativs

16. Vai pacientam tika noziméeta antibakteriala terapija?

a. [Ja
i. (medikaments 1
ii. (medikaments 1
b. [ONe

Datums, kura pacientam p&dgjo reizi bijis T pac€lums virs 38 °C

IzrakstiSanas datums, laiks

datums

datums

Izraksti$anas diagnoze

Terapijas ilgums (dienas) )

Terapijas ilgums (dienas) )
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Appendix 3 — Clinician’s Questionnaire (English)
Diagnostic value of clinical presentation, parental concern and clinicians’ gut feeling
in identifying serious bacterial infections in febrile children
Clinician’s questionnaire
What is your evaluation of the overall condition of the child after initial examination?
a) Mild illness / normal
b) Moderate
c) Severe
d) Critical / life threatening

After the examination of the child, do you have an impression / intuitive feeling that the child has
a serious illness?

a) Yes
For what reason:

i. Amable to explain

ii. Am not able to explain
b) The possibility cannot be excluded
¢) No

After the examination of the child, do you have an impression / intuitive feeling that the child has
a mild or self — limiting illness?

a) Yes
For what reason:

i. Amable to explain

ii. Amnot able to explain
b) Am not sure
c) No
Based on the examination data, circle the possible primary diagnoses:
a) Skin and soft tissue infection
b) Urinary tract infection
¢) Pneumonia
d) Bacterial gastroenteritis
e) Bacterial meningitis
f)  Acute osteomyelitis
g) Purulent arthritis
h)  Bacterial infection of unspecified site
i) Sepsis

i) None of the above
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Appendix 3 continued

Which of the following features are present in the child’s physical examination data or history
of this episode? (Circle the appropriate)

a) Il appearance

b) Lethargy / drowsiness

c) Grunting

d) Inconsolable crying

e) Cyanosis

f)  Tachypnoea

g) Shortness of breath

h)  Poor peripheral perfusion
i)  Positive meningeal signs
J)  Non-blanching rash / petechiae
K) Seizures

) Hypotension

m) Unconsciousness
Respondent data:

a) Licensed doctor: work experience as a doctor (years)

b) Medical resident: year of training
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Appendix 4 — Clinician’s Questionnaire (Latvian)
Klinisko pazimju kopuma, vecaku un arstu izvértéjuma nozime bérnu ar drudzi izmekléSana un
arstésana, ka ari smagu bakterialu infekciju agrina atpaziSana.
Arsta anketa

1. Kads ir jusu vertgjums par bérna vispargjo stavokli pec pirmas apskates?

a) Viegls

b) Vidgji smags

c) Smags

d) Loti smags / kritisks

2. Vai péc bérna pirmas apskates jums palika iespaids / intuitiva sajita, ka bérnam ir smaga

saslim$ana?
a) Ja
Kapeéc:

i. Varu precizét

ii. Nevaru precizét
b) Nav izslégts
c) Ne

3. Vai péc bérna apskates jums palicis iespaids / intuitiva sajiita, ka be&rnam ir paslimitgjosa
saslimSana?

a) Ja
Kapeéc:

i. Varu precizét

ii.  Nevaru precizéet
b) Neesmu parliecinats(-a)
c) Ne

4. Balstoties uz anamné&zes un objektivas izmeklesanas datiem, liidzu atzZim&t saslimsanas, kas
varetu but be€rnam $aja saslimsanas epizodg:

a) Adas un miksto audu infekcija
b) Akuta urincelu infekcija

c) Pneimonija

d) Bakterials gastroenterits

e) Bakterials meningits

f)  Akdts osteomielits

g) Septisks artrits

h) Neprecizeta bakteriala infekcija
i) Sepse

J) Nekas no minéta
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Appendix 4 continued

Vai berna anamngzg un fizikalas izmeklesanas datos sastopams kads no sekojosajiem?
(atzZIm@t es080)

a) Toksisks izskats / bérns izskatas smagi slims
b) Miegainiba

€) StengSana

d) Nepartraukta raudasana

e) Cianoze

f)  Tahipnoe

g) Elpas trakums

h) Mikrocirkulacijas traucgjumi
i)  Pozitivi meningealie simptomi
J)  Petehiali izsitumi

K) Krampji

I)  Arteriala hipotensija

m) Bezsamana

Anketu aizpilda:

a) Sertificéts arsts: darba stazs (gados)

b) Arsts —rezidents: gads
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Appendix 5 — Parental Questionnaire (English)
Questionnaire of the view of parents / guardians on their child’s illness

Dear parents / guardians,

We are very grateful for your participation in this questionnaire. The purpose of this
questionnaire is to clarify your observations and feelings concerning febrile illness in your child. By
gathering your answers and those of other participants, we aim to assess the value of the information
provided by parents in early recognition of serious infections in children, so that parental opinion could
be taken into consideration to a greater extent when evaluating children with fever in future. The
completion of the questionnaire will not take longer than 15 minutes.

The survey will include questions regarding the ongoing episode of your child’s illness, as well
as questions on your general beliefs about fever in children.

Your consent or refusal to participate in this questionnaire will affect neither the management
of your child’s illness in the hospital nor the attitude of the healthcare personnel towards you or your
child. You have the right to refuse further participation at any moment, as well as to demand the
withdrawal of already given data from being analysed for the study. In that case, please inform any of

the healthcare personnel, or the research team about your decision.

Participant of the survey (circle the appropriate) Mother, Father, Other

No of children in the family / household:
Order of birth (first / second / third) of the child that is our patient

Age of the mother (carer):

Level of education of the mother (carer) (circle the appropriate)
1) Middle school
2) High school

3) Professional

4) Incomplete higher education

5) Higher education (level of degree):
6) Other
Age of the father (carer):

Level of education of the father (carer) (circle the appropriate)
1) Middle school
2) High school

3) Professional

4)  Incomplete higher education

5) Higher education (level of degree):
6) Other
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Appendix 5 continued
1.  How many times has your child been ill over the last 12 months?

2.  How many times over the last 12 months have you sought help from your family doctor due
to increased body temperature of this child?

3. How many times has your child been hospitalized for longer than 24 hours?

4. Has your child previously had any of the following infectious diseases, during which
antibiotics were prescribed? (Mark the appropriate with X)

Once Repeatedly

1) The child has had none of these infections
2) Sinusiti

3) Tonsillitis with use of antibiotics

4) Pneumonia

5) Bronchitis with use of antibiotics

6) Urinary tract infection

7) Gastrointestinal infection with use of antibiotics

8) Bacterial meningitis

9) Acute osteomyelitis
10) Septic arthritis
11) Sepsis

12) Other illness with use of antibiotics

5. Have you observed any of the following in your child during this episode of illness?

1) The child was breathing shallower or faster

2) The child was grunting / moaning

3) The child had a changed skin color (greyish / pale)

4) The child was unwilling to play with his / her favourite toys

5) The child was crying the whole time and it was hard to calm him / her down

6) The child had an atypical cry

7) The child was screaming

8) The child was irritated and restless

9) The child slept longer than normally, was very sleepy
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Appendix 5 continued

10) The child was eating less or refused food

11) The child was drinking less or refused to drink
12) The child had decreased urination

13) The child’s urine had an unusual smell

14) Other observed changes

6. Did the child feel better after you gave him / her medication to reduce the temperature?
(Choose one)

1) Yes, the child became active as usual

2) The child felt better but his behaviour was still not as usual
3) The child did not feel better
4) The temperature did not go down

5) The child got worse and worse

6) 1did not give my child such medication

7.  When this episode if child’s illness started, did you have a feeling that this time is different /
more severe than other times when your child has had fever? (Choose one)

1) Definitely yes

2) Most likely yes

3) More likely yes than no

4) Difficult to say

5) More likely no than yes

6) Most likely no

7) Definitely no

8. Did you have a feeling that this tie your child needed medical help more urgently than other
times when she / he has had a fever?

1) Yes

2) No

3) Difficult to say

9. For how long had your child been ill before you sought medical help for the first time?

1) 0-6 hours

2) 6-12 hours

3) 12-24 hours
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Appendix 5 continued

4) 24-8 hours (2 days)

5) 48-72 hours (3 days)

6) Longer

10. Day of the week (for example, Sunday), when your child got ill:

11. Day of the week and time when you first sought help for your child (day, hh:mm)

12. How would you evaluate your level of concern when your child got ill this time?

1) 1 was very concerned, unlike any other time

2) | was concerned more than other times when she / he has beenill

3) 1 was not concerned more than other times when she / he has been ill

4) 1 was concerned not as much as other times when she / he has been ill

5) 1 was not concerned at all

13. Where did you seek help first during this episode of the child’s illness?

1) Family doctor’s appointment

2) Consultation over the phone

3) Out-of-hours healthcare service

4) Ambulance

5) Hospital

6) Other

14. Did the healthcare professional mentioned above provide a sufficient explanation of what
was going on and of the reasons for the fever?

1) Yes

2) No

3) Partially

15. Did the conversation with the healthcare professional mentioned above help to reduce your
anxiety about your child’s illness?

1) Yes

2) My anxiety did not change

3) My anxiety increased
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Appendix 5 continued

16. Did the healthcare professional you were seen by at this hospital sufficient explanation
of what was going on and of the reasons for the fever?

1) Yes
2) No
3) Partially

17. Did the conversation with the healthcare professional you were seen by in this hospital help
to reduce your anxiety about your child’s illness?

1) Yes
2) My anxiety did not change

3) My anxiety increased

Thank you for your answers on this illness of your child! From this point on we would like to ask
you about your beliefs on the management of fever in general.

18. What is a very high temperature, in your opinion? °C

19. At what temperature would you give your child medication to reduce it? Above ........ °C

20. What medication would you give your child to reduce fever?

1) Ibuprofen (Nurofen, Ibustar, Ibumetin, Ibufen)

2) Paracetamol (Panadol, Efferalgan, calpol)
3) Other (which one...........ccccoeneee. )

21. How would you choose the dosage of medication?

1) As the doctor recommended

2) As the packaging says

3) Whatever I feel like, depends on the temperature
4) Other

22. Inyour opinion, is there such thing as a dangerous level of body temperature?

1) Yes (Above.......... °C)
2) No
3) Idon’t know

23. 1S fever itself a sign of a serious and potentially dangerous illness?

1) vyes

2) No

3) Other symptoms must be present as well
4) 1don’t know’
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Appendix 5 continued

24. How soon after any of your children develops fever would you seek for medical help?

1)
2)
3)
4)
5)

6)

0-6 hours

6-12 hours

12-24 hours

24-48 hours (2nd day)
48-72 hours (3rd day)

Later (when)

25. Does being treated in the hospital setting give you a better feeling of safety than care at

home under supervision of your family doctor?

1)
2)
3)

26. How would you evaluate the availability of your family doctor?

1)
2)
3)
4)
5)
6)
7)

Yes
No
Partially

Very good

Good

More likely good than bad
Normal

More likely bad than good
Bad

Very bad
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Appendix 6 — Parental Questionnaire (Latvian)
Vecaku / aizbildnu aptauja par bérna saslimSanu

Cienijamie vecaki / aizbildni!

Izsakam Jums lielu pateicibu par piedali$anos $aja aptauja. Sis aptaujas mérkis ir noskaidrot
JUisu noverojumus un izjiitas par Jiisu bérna saslim$anu. Apkopojot Jisu un citu bé€rnu vecaku atbildes,
paredzets izzinat vecaku sniegtas informacijas vertibu agrina smagu infekciju atpaziSana bérniem, lai
nakotngé palielinatu vecaku lomu So infekciju agrina diagnostika un arst€Sana b&rniem. Aptaujas
aizpildiSana aiznems aptuveni 15 miniites.

P&c §1s aptaujas, ja tam piekritisiet, biisim loti pateicigi, ja piedalisieties detalizétaka saruna
(ilgums aptuveni 15-30 miniites) ar p&tniecibas komandas parstavi, kuras laika Jums tiks uzdoti plasaki
jautajumi par Jiisu izjutam un noverojumiem sakara ar $o sava beérna saslim$anas reizi. Sarunas laika
tiks veikts tas audioieraksts, kas biis anonims (identifikacija tiks izmantots Jisu b&rna registracijas
numurs petijuma). Intervijas saturs biis zinams tikai p&tniecibas komandai un netiks atklats treSajam
personam.

Jusu piekriSana vai atteikSanas piedalities Saja aptauja un detaliz€takaja saruna neietekmés Jusu
bérna arstéSanas procesu vai attiecibas ar bérna arst€Sana iesaistito medicinisko personalu. Jums ir
tiesibas jebkura mirkl1 partraukt dalibu aptauja vai saruna, ka arT atteikties no sniegto datu izmantoSanas

pétfjuma, $ada gadijuma informéjot arstniecibas personalu vai kadu no pétniecibas komandas locekliem.

Aptauja piedalas (vajadzigo apvilkt): Mate, Tevs, Cits

Bérnu skaits gimene:

Kurs péc kartas (pirmais / otrais / tresais) jisu gimeneé ir pasreiz saslimusais bérns?

Bérna mates (aizbildnes) vecums gados:

Bérna mates (aizbildnes) izglitibas limenis (vajadzigo pasvitrot):
1) Pamata

2) Vidga

3) Profesionala (kada)
4) Nepabeigta augstaka
5) Augstaka (grads):
6) Cita (kada)

Berna teva (aizbildna) vecums gados:

Berna teva (aizbildna) izglitibas Iimenis (vajadzigo pasvitrot):
1) Pamata
2) Vidgja
3) Profesionala (kada)

4) Nepabeigta augstaka
5) Augstaka (grads):
6) Cita (kada)
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Appendix 6 continued

1. Cik biezi jiisu bérns ir slimojis pédéjo 12 ménesu laika?

2. Cik biezi ped€jo 12 ménesu laika esat vérsusies péc palidzibas pie arsta sakara ar to, ka
bérnam bijusi paaugstinata temperatiara?

3. Cik reizes dzives laika Jiisu bérns bijis stacionéts slimnica ilgak par 24 stundam?

4. Vai jusu bérnam ieprieks bijusas kadas no sekojosam infekcijas saslim§anam, kuru laika
lietotas antibiotikas? (atbilstoSos variantus atzimét ar X)

Vienreiz Atkartoti

1) Beérnam nav bijusas $adas infekcijas

2) Deguna blakusdobumu iekaisums

3) Angina, kuras arsté$ana lietotas antibiotikas

4) Plausu karsonis

5) Bronhits, kura arsté$ana lietotas antibiotikas

6) Urincelu infekcija

7) Kunga un zarnu trakta saslims$ana, kuras arsté$anai lietotas antibiotikas

8) Bakterials meningits

9) Akdts osteomielit

10) Septisks artrits
11) Sepse
12)

5. Vai §aja bérna saslimSanas reizé esat noverojis/usi kadu no sim pazimém?

1) Beérns elpo seklak vai biezak

2) Bérns sten, vaid

3) Be@rnam ir izmainita adas krasa (peléciga / bala)

4) Beérns atsakas no iemilotajam aktivitatém un rotallietam

5) Be@rns ir rauduligs, griti nomierinams

6) Beérnam ir izmainits raudasanas veids
7) Beérns kliedz

8) Berns izteikti satraukts un uzbudinats

9) Beérns gul vairak neka parasti, ir miegains

10) Bérns mazak &d vai atsakas no &diena
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6.

7.

8.

9.

11) Bérns mazak dzer vai atsakas no dzériena
12) Bérnam samazinats urina daudzums
13) Bérnam izmainita urina smarza

14) Citas 1pasas pazimes (kadas)

Appendix 6 continued

Vai tad, kad bérnam iedevat temperatiiru pazeminoSus lidzeklus, bérna passajiita uzlabojas

(atzZimét vienu)?
1) Ja, bérns kluva aktivs ka ierasts
2) Beérna passajita uzlabojas, bet saglabajas izmainita uzvediba
3) Bérna pa$sajiita neuzlabojas
4) Temperatiira nemazinajas
5) B&rnam palika arvien sliktak

6) Temperatiru pazeminosus lidzeklus bérnam nedevu.

Vai, sakoties pasreizéjai saslim$anai, Jums bija sajiita, ka Soreiz bérns saslimis smagak ka

ieprieksejas reizes (atzimét vienu)?
1) Noteikti ja
2) Visticamak ja
3) Drizak ja neka né
4) Griti pateikt
5) Drizak n€ neka ja
6) Visticamak né

7) Noteikti ng

Vai Jums bija sajiita, ka Soreiz bérnam mediciniska palidziba nepieciesama steidzamak ka

citas reizes, kad bérns slimojis ar paaugstinatu temperatiiru?
1) Ja
2) Ne
3) Griti pateikt

Cik ilgi Jiisu bernam jau bija slimibas pazimes, pirms mekléjat medicinisko palidzibu?

1) 0-6 stundas

2) 6-12 stundas

3) 12-24 stundas

4) 24-48 stundas (2. diennakts)
5) 48-72 stundas (3. diennakts)
6) Ilgak (cik)
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Appendix 6 continued

10. Nedgelas diena (piem. svetdiena), kad bérns saslima:

11. Nedglas diena un laiks (hh:mm) (piem. pirmdiena, 13.00), kad pirmo reizi meklgjat palidzibu

12. Ka Jus vertéjat savu satraukumu par bérna saslim$anu?

1) Biju loti satraukts/ta, ka nekad agrak

2) Biju satraukts/ta vairak neka citas reizes, kad bérns slimojis

3) Nebiju satraukts/ta vairak neka citas reizes, kad bérns slimojis

4) Biju satraukts/ta mazak neka citas reizes, kad bérns slimojis

5) Nebiju satraukts/ta nemaz

13. Pie ka versaties péc mediciniskas palidzibas pirmo reizi sakara ar $o sava bérna saslimSanas
reizi?

1) Gimenes arsts

2) Gimenes arstu konsultativais talrunis

3) Rajona deziirarsts
4) Atra palidziba

5) Slimnica

6) Cits

14. Vai no iepriek§ minéta medicinas darbinieka sanemat pietickamu izskaidrojumu par visu
notiekoSo, par paaugstinatas temperatiiras iemesliem?

1) Ja
2) Ne
3) Dalgji

15. Vai Jusu satraukums par bérna saslim$anu mazinajas péc sarunas ar iepriek§ minéto
medicinas darbinieku?

1) Ja

2) Satraukums nemainijas

3) Satraukums pieauga

16. Vai no Bernu kliniskas universitates slimnicas medikiem sanémat pietieckamu izskaidrojumu
par visu notiekoSo, par paaugstinatas temperatiras iemesliem?

1) Ja
2) Ne
3) Dalgji
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Appendix 6 continued

17. Vai Jusu satraukums par bérna saslim§anu mazinajas pec tam, kad bérnu apskatija Bernu
kliniskas universitates slimnicas arsti?

1) Ja

2) Satraukums nemainijas

3) Satraukums pieauga

Pateicamies par Jisu atbildéem par bérna saslimSanu! Talak vélamies izzinat Jusu uzskatus
par arstésanas un apriipes taktiku gadijuma, ja bérns slimo ar paaugstinatu temperatiiru!

18. Kada, péc Jusu domam, ir loti augsta temperatiira? °C

19. Pie kada temperatiiras pacéluma Jiis saviem bérniem dodat temperatiiru pazeminosos
lidzeklus? Virs ............. °C

20. Kadus medikamentus Jiis dodat saviem bérniem, lai samazinatu temperatiiru?

1) TIbuprofens

2) Paracetamols
3) Cits (ladzu ierakstiet .............c......... °C)

21. Cik lielu medikamenta devu Jiis dodat saviem bérniem, lai samazinatu temperattiru?

1) Ka arsts rekomendgjis

2) Ka rakstits uz iepakojuma

3) P&c sajutam atkariba no temperatiiras

4) Cits

22. Vai, jusuprat, eksisté bistams temperatiiras pacélums?

1) Ja (Virs.......... °C)
2) Ne
3) Nezinu

23. Vai paaugstinata temperatiira pati par sevi norada uz bistamu un nopietnu saslim$anu?

1) Ja
2) N&

3) Jabit vel citiem simptomiem

4) Nezinu
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24. Cik ilgi péc temperatiiras paaugstinasanas saviem bérniem jus parasti mekléjat medicinisko
palidzibu?

1) 0-6 stundas
2) 6-12 stundas
3) 12-24 stundas
4) 24-48 stundas (2. diennakts)
5) 48-72 stundas (3. diennakts)
6) Velak (kad)

25. Vai atrasanas stacionara Jums dod lielaku drosibas sajiitu ka arstéSanas gimenes arsta
uzraudziba?

1) Ja
2) Ne
3) Dalgji

26. Ka Jus vertéjat sava gimenes arsta pieejamibu?

1) Lotilaba

2) Laba

3) Vairak laba neka slikta
4) Normala

5) Vairak slikta neka laba

6) Slikta (min&t iemeslu)

7) Loti slikta (minét iemeslu)
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Appendix 7. Questions asked in the semi-structured interviews”

No.

Topic and the questions asked

Signs and symptoms causing increasing concern
At what moment of your child’s illness did you start to feel worried?
'What were the signs in the child’s behaviour that caused the most concern?

Ways of assessing and monitoring fever

How do you assess your child’s temperature during illness?

What thermometers do you use?

How often do you measure the child’s temperature during illness?

Opinion and beliefs on the positive effects of fever
Do you think that elevated body temperature / fever has any positive effects on the child’s body
during illness? If yes, what are they?

Opinion and beliefs on the possible side effects and dangers of fever
Do you believe that fever is dangerous to the child? If yes, why is it dangerous?
'What negative effects can fever have on the child’s body?

Practices of management of fever

How do you manage your child’s fever when she / he gets ill?
What medication do you use?

How do you choose the dose of medication?

At what temperature do you give medication to reduce fever?

How often do you give medication to reduce fever?

Do you use any additional methods to reduce fever? What are they?

Seeking for help in case of fever in their child

Who is the first (and then second) person you turn to for help in when your child has fever?
'What signs during your child’s illness urge you to seek help from others?

How long after your child develops fever do you usually seek help?

Expectations from healthcare professionals when dealing with febrile illness in their child
What do you expect from the healthcare professionals when you turn to them for help in case
your child has a high temperature?

Experience in communication with doctors regarding febrile illness in their child

How would you describe your previous experience in communication with healthcare
professionals when your child has had fever?

What explanation does your family doctor usually provide for your child’s illness when he or

she has a fever? Are you satisfied with it?

* The questions were asked in this approximate order; however, the interviewer was able to alter the sequence of
the questions if directed by the trajectory of the conversation. If the parent had already covered the information
while elaborating on another question, some questions were omitted. The interviewer was able to ask some
additional questions to clarify the answers with more details.
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Centrala medicinas &tikas komiteja

Brivibas iela 72, Riga, LV-1011 » Talr. 67876182  Fakss 67876071 » E-pusts: vin@vm.gov.lv

Riga
14.07.2016. Nr.1/16-07-14

Rigas Stradina Universitatei

Atzinums par pétijuma pieteikumu

+PERFORM (Personalised Risk assessment in

Febrile illness to Optimise Real-life Management

across the European Union — Personalizéts risku novértéjums
saslim$anam ar drudzi, ar mérki optimizét to arstésanu
Eiropas Savieniba) "

Centrdla medicinas @tikas komiteja 2016.gada 26.maija ir
izskatfjusi Rigas Stradipa Universitites iesniegto pétfjuma pieteikumu
PERFORM (Personalised Risk assessment in Febrile illness to Optimise
Real-life Management across the European Union — Personalizéts risku
novértéjums saslim$anam ar drudzi, ar mérki optimizét to arstésanu
Eiropas Savieniba) ",

Pamatojoties uz Centrilas medicinas &tikas komitejas 2016.gada
26.maija s&des protokola Nr.2016-3 punktu Nr.3 un iesnicgtajiem
pétijuma pieteikuma pildindjumiem, tiek izsniegts atzinums, ka Rigas
Stradina  Universitites p&tijums ,, PERFORM (Personalised Risk
assessment in Febrile illness to Optimise Real-life Management across
the European Union — Personalizéts risku novértéjums saslimsanam ar
drudzi, ar mérki optimizét to drstéSanu Eiropas Savieniba) " nav pretrund
ar bio€tikas normam,

Centrilds medicinas &tikas P
komitejas prick3sédétdja ‘% E.Pole

Strautins, 67876190
Edgan. Strautins@dvm. gov.Iv
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Veidlapa Nr. E-9 (2)
RSU ETIKAS KOMITEJAS LEMUMS NR. 13/ 05.10.2017.

Riga, Dzirciema iela 16, LV-1007
Tel. 67061596

Komitejas sastavs Kvalifikacija . Nodarbosanas
1. Profesors Olafs Brivers Dr.theo. teologs
2. Profesore Vija Sile Dr.phil. filozofs
3. Asoc.prof. Santa Purvipa Dr.med. farmakologs
4. Asoc.prof. Voldemars Arnis Dr.biol. rehabilitologs
5. Profesore Regina Kleina Dr.med. patalogs
6. Profesors Guntars Pupelis Dr.med. kirurgs
7. Asoc.prof. Viesturs Liguts Dr.med. toksikologs
8. Docente Iveta Jankovska Dr.med.
9. Docents Kristaps Circenis Dr.med.
Pieteikuma iesniedzgjs: Urzula Nora Urbane
Medicinas fakultate, Doktorantiiras nodala
Pétijuma nosaukums: “Klinisko pazimju kopuma, vecaku un arstu izvértgjum
nozime bérnu ar drudzi izmekl&$ana un arsté$ana, ka arl
smagu bakterialu infekciju agrind atpaziSana.”
IesniegSanas datums: 25.09.2017.
_.W Izskatot augstak minéta pétijuma pieteikuma materialus

(protokolu) ir redzams, ka p&tTjuma mérkis tiek sasniegts veicot pacientu mediciniskas
dokuméntacijas (slimibas véstures-klinisko pazimju kopums) izp&ti, bému vecaku un arstu
aptauju-anket&anu, iegito datu apstradi un analizi, ka arf izsakot priekslikumus. Personu
(pacientu, dalibnieku) datu aizsardziba, brivpratiga informéta piekri§ana piedalities p&tljuma un
konfidencialitate tiek nodro$inata. Lidz ar to pieteikums atbilst pétjjuma &tikas prasibam.

Izskaidro$anas formulars: ir

PiekriSana piedalities pétijuma: ir

Komitejas lemums: piekrist p&tljumam

Komitejas priek$sgdetajs Olafs Brivers Tituls: Dr. miss., prof.

Paraksts
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