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Abstract

Background Fever without a source (FWS) in children poses a diagnostic challenge. To distinguish a self-limiting infection
from a serious infection, multiple guidelines have been developed to aid physicians in the management of FWS. Currently,
there is no comparison of existing FWS guidelines.

Methods This comparative review describes consistencies and differences in guideline definitions and diagnostic and thera-
peutic recommendations. A literature search was performed to include secondary care FWS guidelines of high-income
countries, composed by national or regional pediatric or emergency care associations, available in English or Dutch.
Results Ten guidelines of five high-income countries were included, with varying age ranges of children with FWS. In chil-
dren younger than one month with FWS, the majority of the guidelines recommended laboratory testing, blood and urine
culturing and antibiotic treatment irrespective of the clinical condition of the patient. Recommendations for blood culture and
antibiotic treatment varied for children aged 1-3 months. In children aged above three months, urine culture recommenda-
tions were inconsistent, while all guidelines consistently recommended cerebral spinal fluid testing and antibiotic treatment
exclusively for children with a high risk of serious infection.

Conclusions We found these guidelines broadly consistent, especially for children with FWS younger than one month.
Guideline variation was seen most in the targeted age ranges and in recommendations for children aged 1-3 months and
above three months of age. The findings of the current study can assist in harmonizing guideline development and future
research for the management of children with FWS.
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Introduction

Fever is one of the most common pediatric presentations
at the emergency department [1-3]. While most children
recover spontaneously without treatment from a self-limiting
infection, serious infections can be harmful with long-term
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sequelae and mortality as potential consequences. The inci-
dence of serious bacterial infections in children up to three
months is estimated at 8%, in neonates even higher at 9% to
13% [4-6]. Fever without a source (FWS), defined as acute
fever since less than seven days without a clear focus of
infection after a complete examination, is challenging for
physicians as children often present with nonspecific symp-
toms and the initial clinical presentation can vary widely
[7]. This can result in a delay in admission and treatment
for serious infections. Multiple laboratory tests in search
for a cause of FWS and empirical antibiotics are therefore
applied frequently [8].

To overcome this diagnostic challenge, several coun-
tries have developed guidelines to guide physicians in the
management and evaluation of FWS [8]. They aim to detect
those children at risk for serious infections requiring imme-
diate treatment while avoiding overuse of unnecessary inves-
tigations and therapies. Despite the availability of guidelines
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for both children with a presumed low or high risk of serious
infection based on the clinical condition, the variability in
definition and management of FWS is significant [9—13]. For
example, hospital admission and cerebral spinal fluid (CSF)
analysis rates vary across hospitals from 40% to 90% of chil-
dren presenting with FWS [14]. This variation in practice
could be explained by several factors, including inconsist-
ency in diagnostic and treatment recommendations between
FWS guidelines or low adherence to these guidelines [15].

The aim of this study was therefore to compare the defini-
tions and the diagnostic and therapeutic recommendations
published in national and regional FWS guidelines of high-
income countries. Identifying differences between national
guidelines with similar health care settings could improve
harmonization of practice recommendations and inform
future guideline development. With this approach, we aim
to increase international consensus in high-income countries
in definition and management of FWS.

Methods
Study design

A literature search was performed to identify national and
regional FWS guidelines in children in high-income coun-
tries. Since there is no universal consensus on health care
system quality classification, we defined several criteria to
include high-income countries with comparable health care
systems: (1) classified as high-income economy level by
the 2020 World Bank classifications; (2) rated in the top 50
countries with highest life expectancy; and (3) an antibiotic
drug resistance index of 50 or less [16—18].

The search was conducted on April 21th 2021, combin-
ing the search terms “guideline”, “child” and “fever” in
the databases of PubMed, Web of Science and EBSCO-
host, including variations of these terms (Supplementary
Table 1). Only the most updated versions of guidelines
were included. References of included articles were
screened for eligibility using the forward and backward
snowball method. Articles were included if a national or
regional guideline described recommendations or consid-
erations for children with FWS aged 0-18 years, including
both children with a presumed low or high risk of seri-
ous infection based on the clinical condition. The recom-
mendations had to describe FWS management, aiming to
timely diagnose and treat serious infections. Guidelines
had to be composed by national or regional pediatric or
emergency care associations, health institutes, health
networks or statewide health services and based on peer
reviewed evidence or group consensus. The exclusion
criteria were specified as follows: (1) local guidelines
of hospitals; (2) primary care guidelines; (3) guidelines

describing fever with a focus, fever of unknown origin
(fever > seven days), early onset neonatal sepsis (within
72 hours after birth), a hospital-acquired fever or post-
operative fever; (4) inclusion of both adults and children;
(5) guideline not available in English or Dutch.

Outcome parameters

Primary outcome was to describe consistencies and dif-
ferences in (1) guideline definitions; (2) diagnostic rec-
ommendations; and (3) therapeutic recommendations of
included guidelines. Guideline definitions were described
for age of population, fever, FWS, potential serious infec-
tions and objectives. Diagnostic recommendations were
compared for laboratory testing of white blood cell count
(WBC), C-reactive protein (CRP), performing blood cul-
ture, urine culture, CSF analysis, and polymerase chain
reaction assay (PCR) for viral pathogens such as influenza
virus, respiratory syncytial virus, enterovirus and parecho-
virus. Therapeutic recommendations were compared for
empirical intravenous antibiotic treatment and empirical
intravenous acyclovir treatment. Empirical antibiotic treat-
ment is defined as antibiotics that are administered prior
to the identification of the causing pathogen.

We divided diagnostic and therapeutic recommenda-
tions into those advised to perform or those advised to
consider. To further specify the target population, catego-
ries were established a priori to distinguish recommenda-
tions based on age irrespective of the clinical condition or
based on age combined with clinical criteria. Categories
were defined as follows: recommendations (1) advised
for all children irrespective of the clinical condition; (2)
advised for children with a high risk of infection; (3)
advised for children with an intermediate risk of infec-
tion; or (4) advised for children with a low risk of infec-
tion. Clinical criteria for low, intermediate or high risk of
serious infection were described per guideline.

Results

A total of ten guidelines were included, four from Aus-
tralia, three from the USA and one from the Netherlands,
the UK and Canada, respectively (Table 1). The flowchart
of the search is presented in Supplementary Fig. 1. The
publication year of these guidelines ranged from 1993
to 2021. Five of ten guidelines reported an established
method to grade the quality of evidence supporting their
recommendations [19, 20, 22-24]. Six guidelines were
composed by national associations or health institutes
[19-23, 28].
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Table 1 Guideline characteristics

Country Guideline Year of Organization Approach to rate
publica- quality of evidence
tion

The Netherlands Fever in children [19] 2013 Dutch Association of Pediatrics AGREE II

United Kingdom Fever in under 5 s: assessment and initial 2019 National Institute for Health and Care GRADE

management [20] Excellence

United States of America Management of fever without source in 2000 American College of Emergency Physi- None

infants and children [21] cians

Practice guideline for the management of 1993 American Academy of Pediatrics Modified Delphi
infants and children 0-36 mon of age
with fever without source [22]

Evaluation and management of well- 2021 American Academy of Pediatrics AHRQ
appearing febrile infants 8 to 60 d [23]

Australia Children and infants with fever [24] 2020 New South Wales Government NHMRC designa-
tion of levels of
evidence

Fever in children aged 1-2 mon [25] 2020 South Australian Pediatric Clinical None
Practice
Febrile illness: emergency management 2019 Children’s health Queensland Hospital =~ None
in children [26] and Health Service
Fever without source [27] 2020 Government of Western Australia—Child None
and Adolescent Health Service
Canada Fever in young infants [28] 2019 Translating Emergency Knowledge for ~ None

Kids

AGREE II Appraisal of Guidelines for Research and Evaluation Instrument, GRADE Grading of Recommendations Assessment, Development
and Evaluation, AHRQ Agency for Healthcare Research and Quality, NHMRC National Health and Medical Research Council

Guideline definitions

An overview of the guideline definitions is shown in Table 2.
The age range of the population as reported by the guidelines
varied widely. The target age population of two guidelines
was 0-2 months, compared to 0 months to 16 years accord-
ing to the Dutch guideline [19, 23, 28]. Fever was defined as
a temperature of > 38.0 'C by seven of ten guidelines [20-23,
25, 26, 28]. There was no definition of FWS described in
seven of ten guidelines [19, 20, 23-26, 28]. The guideline
was applicable to both children with a low risk and a high
risk of serious infection in nine of ten guidelines [19-22,
24-28]. The guideline of the American Academy of Pedi-
atrics (AAP) was the only guideline applicable exclusively
to children with a low risk of serious infection [23]. Rec-
ognizing serious infection was an objective in seven of ten
guidelines [19, 20, 22, 24-26, 28].

To distinguish recommendations for children with a low,
intermediate or high risk of serious infection, the guidelines
used multiple clinical criteria (Supplementary Table 2). We
found a wide variation in clinical criteria. Most guidelines
defined a high risk of serious infection in case of a pale or
mottled skin, lethargy or drowsiness, grunting or tachyp-
nea [19, 20, 24-27]. Criteria mentioned as classifying for a
low risk are less consistent, but mostly included birth after
37 weeks of gestation and a nontoxic clinical condition. In

@ Springer

total, 20 clinical criteria were mentioned defining the low-
risk group, 25 defining the intermediate risk group and 36
defining the high-risk group.

Diagnostic guideline recommendations

Diagnostic recommendations of each guideline are shown
in Table 3. There are a number of consistencies between
the guidelines. For all children irrespective of the clinical
condition younger than one month of age and 1-3 months
old, laboratory testing of WBC or CRP was recommended
by most guidelines [19, 20, 25-28]. Furthermore, seven of
nine guidelines recommended a blood and urine culture in
all children younger than one month [20-22, 24, 26-28]. In
children older than three months, guidelines recommended
performing a blood culture [20-22, 24, 26, 27] and consider-
ing CSF analysis exclusively in case of a high risk of serious
infection [19, 20, 24, 27].

Besides consistencies, we also found a number of differ-
ences in diagnostic recommendations. In children between
one and three months old, six guidelines [20, 21, 24, 26-28]
recommended to perform blood culture irrespective of the
clinical condition compared to three guidelines [19, 22, 25]
who recommended to perform blood culture exclusively
in case of a high risk of serious infection. There was also
disagreement in urine cultures in children older than three
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Canada
[28]

Australia
NSW [24] SA[25] CHQ[26] CAHS[27] TREKK

AAP [23]

AAP [22]

USA
ACEP [21]

UK
NICE [20]

The Netherlands
NVK [19]

Table 2 (continued)

Variables
Objectives

T

T

Recognizing serious infection

Minimizing diagnostics

Evidence management of FWS
Improving clinical assessment of FWS

Decreasing variation in care
FWS fever without a source, NVK Dutch Association of Pediatrics, NICE National Institute for Health and Care Excellence, AAP American Academy of Pediatrics, ACEP American College of

Emergency Physicians, NSW New South Wales, SA South Australian, CHQ Children’s Health Queensland Hospital and Health Service, CAHS Child and Adolescent Health Service, TREKK

Translating Emergency Knowledge for Kids. *Definition in broad terms may differ from the precise definition in the guideline

months with some guidelines only recommending a urine
culture for children with a high risk of serious infection
[20-22, 24, 26], while other guidelines recommended a
urine culture irrespective of the clinical condition [19, 27].
In children between one and three months old, recommen-
dations for CSF analysis varied from considering it in all
children or considering in children with high risk of serious
infection, to performing in all children with high risk of seri-
ous infection. Also, three of ten guidelines recommended to
perform PCR for viral pathogens [19, 25, 28], while seven
guidelines do not mention any recommendations [20-24,
26, 27]. Finally, instead of CRP measurement, three of ten
guidelines described the diagnostic value of incorporating
procalcitonin in future guidelines and advise further research
[19, 20, 28].

Therapeutic guideline recommendations

Therapeutic recommendations of each guideline are shown
in Table 4. Almost all guidelines recommended antibiotic
treatment for children younger than one-month-old, irre-
spective of the clinical condition [19-22, 24-28]. There
was agreement for antibiotic treatment in children older
than three months: all guidelines recommended treating or
considering antibiotic treatment exclusively in case of high
risk of serious infection [19-28]. Differences in antibiotic
treatment was seen in children aged 1-3 months old. Seven
guidelines recommended antibiotic treatment in children
with high risk of serious infection, compared to two guide-
lines who recommended antibiotic treatment in children irre-
spective of the clinical condition [19-22, 25, 26, 28]. Four
guidelines did not mention acyclovir treatment [21, 22, 26,
27], while six guidelines recommended to consider acyclovir
treatment only in children with high risk of serious infection,
irrespective of age [19, 20, 23-25, 28].

Discussion

In this study we compared the definitions and diagnostic
and treatment recommendations of national and regional
FWS guidelines of five high-income countries. We found
these guidelines broadly consistent, especially for children
younger than one month. The reported age range of children
with FWS varied widely. Differences were seen most in rec-
ommendations for children aged 1-3 months and above three
months of age in performing microbiologic cultures, CSF
analysis and in antibiotic treatment. This knowledge may be
of assistance to future guideline development.

We found consistency across the included FWS guide-
lines, particularly in children younger than one month with
FWS with most guidelines advising CRP testing and anti-
biotic treatment irrespective of the clinical condition. This
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Table 3 Diagnostic recommendations and considerations
Variables The Netherlands UK USA Australia Canada
NVK[19] NICE  ACEP[21] AAP[22] AAP[23] NSW  SA  CHQ CAHS TREKK
[20] [24] [25]  [26] [27] [28]
CRP
<1 mon <13d P &3] * * 8-22d * &3] 8] 83|
>13d P 22-28 d B
1-3 mon & & * * & * b b & fo
>3 mon 8] R * * & pLE R
WBC
<1 mon <13d P & 4] 4] 8-22d [ o &3 4]
>13d P 22-28d fo°
1-3 mon & 5] 5] 5] o & 5] R R
>3 mon x o i P P R R
Blood culture
<1mon <13d P & & R 8-22d b & 5 R &
>13d P 22-28 d o
1-3 mon & R 8] Rl R 8 2] R R
>3 mon & & & & Fo Rt B
Urine culture
<1 mon <13d B o 5] 4] 8-22d P &5 %3 %] &
>13d B 22-28 d o
1-3 mon Pl | R 8] 8] R 8 2] R R
>3 mon fo & & & el Rtk
CSF analysis
<1 mon <13d P 8] 4] 4] 8-22d B 83 23] R R
>13d B 22-28d [0
1-3 mon 25 83] Rl Rl 85 25 R R &3] R
>3 mon 83 85 85 85 83 Ral o 85
PCR viral
<1 mon <13d P * * * * * * * [83]
>13d B
1-3 mon 83 * * * * * &3] * * [As]aslR]
>3 mon [U * * * * * *

NVK Dutch Association of Pediatrics, N/CE National Institute for Health and Care Excellence, A4P American Academy of Pediatrics, ACEP American College of Emergency Physicians,
NSW New South Wales, S4 South Australian, CHQ Children’s Health Queensland Hospital and Health Service, C4HS Child and Adolescent Health Service, TREKK Translating Emergency

Knowledge for Kids, PCR polymerase chain reaction, WBC white blood cell, CRP C-reactive protein, CSF cerebral spinal fluid. "empty box" not applicable,

"*" not mentioned, "x"specifically discouraged

[ recommended to perform for children with a low risk of serious infection
[ recommended to consider for children with a low risk of serious infection

non

absolute neutrophil count,

recommended to perform for children with an intermediate risk of serious infection
recommended to consider for children with an intermediate risk of serious infectiont

recommended to perform for children with a high risk of serious infection
[ recommended to consider for children with a high risk of serious infection
recommended to perform for all children irrespective of clinical condition
recommended to consider for all children irrespective of clinical condition

T

agreement in managing young children is also reflected in
clinical practice. Among 37 emergency departments in the
USA most consistency was reported in laboratory testing
in children younger than one month, compared to substan-
tial variation in children aged 1-2 months and 2-3 months.
A similar inverse association between age and practice
variation in antibiotic treatment was reported by Aronson
et al. [9]. Our study found agreement among all guidelines
in antibiotic treatment of children with high risk of serious
infection younger than three months of age. Moreover,
consistency was seen in a sepsis work-up for children older
than three months of age meaning all guidelines recom-
mended to perform or consider a blood culture, CSF analy-
sis and antibiotic treatment exclusively in children with a
high risk of infection. These findings implicate that most

guidelines adopt a similar careful approach in neonates
while advising a higher threshold to extensive diagnostic
and therapeutic management in children aged above three
months. This approach is understandable, considering the
higher risk of bacterial infection in neonates compared to
older children [4-6].

The results of this study also show important differences
between FWS guidelines, particularly for children older than
one month. In children aged above three months there was
particular disagreement in when to perform basic diagnos-
tic testing, whereas in children aged 1-3 months guidelines
were inconsistent in when to perform a sepsis workup. This
is in line with the previously mentioned variation in per-
formed CSF analysis, with rates ranging between hospitals
from 40% to 90% of children with FWS aged 1-3 months

@ Springer
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Table 4 Therapeutic recommendations and considerations

Variables The Netherlands UK USA Australia Canada
NVK NICE ACEP AAP AAP NSW SA CHQ CAHS TREKK
[19] [20] [21] [22] [23] [24] [25] [26] [27] [28]
Antibiotics IV
<1 mon <13d B 4] %] 4] 8-22d P ] 4] 43 8]
>13d P 22-28d }
1-3 mon o f Rl b ol ok F 2B 1] 3 &
>3 mon &3] 85 R |25} R 25 25
Acyclovir IV
<1mon <13d [ & * * 8-22d [ R * * R
>13d [ 22-284d |
1-3 mon a5 R * * R =8 h N " o
>3 mon 85 [85] * * 5 * *

NVK Dutch Association of Pediatrics, N/CE National Institute for Health and Care Excellence, A4P American Academy of Pediatrics, A CEP American College of Emergency Physicians, NSW
New South Wales, S4 South Australian, CHQ Children’s Health Queensland Hospital and Health Service, CAHS Child and Adolescent Health Service, TREKK Translating Emergency

Knowledge for Kids, /V intravenous. “empty box” not applicable, “*”” not mentioned

5 recommended to perform for children with a low risk of serious infection
|1 recommended to consider for children with a low risk of serious infection

recommended to perform for children with an intermediate risk of serious infection
recommended to consider for children with an intermediate risk of serious infection

b recommended to perform for children with a high risk of serious infection
[ recommended to consider for children with a high risk of serious infection
o recommended to perform for all children irrespective of clinical condition
[- recommended to consider for all children irrespective of clinical condition

[14, 29]. This guideline inconsistency and concurrent prac-
tice variation reflect the diagnostic dilemma of the age cat-
egory in between the young neonate with an elevated risk
of serious infection, and the older child with a lower risk
and a decreasing trend in extensive diagnostic testing [30].
Guidelines may partially differ due to geographic differences
in primary and secondary health care systems, antibiotic
use and resistance patterns. Weighing risks and benefits of
extensive testing and empirical antibiotic treatment may also
be influenced by cultural opinions and preferences of physi-
cians and parents [31, 32]. However, we also reported dif-
ferences between guidelines from the same country. Another
reason for differences between guidelines is the lack of inter-
national consensus in definitions of FWS, potential serious
infections and relevant age ranges. This lack has not been
addressed in literature regarding FWS as much as for neona-
tal sepsis. Similarly for neonatal sepsis, lack of consensus in
definitions of FWS hampers ongoing collaborative research
and benchmarking for guideline development [33]. For
instance, the targeted age range varied widely. Despite mul-
tiple studies reporting a drastic step-wise decrease of serious
bacterial infection after the first week of life, most guidelines
still classified all children younger than one month as high
risk [23]. Third, the development and implementation of
new diagnostic methods also contributes to differences: the
use of PCR to detect viruses for example was only men-
tioned by a few guidelines. As (respiratory) viruses are a
frequent cause of FWS, overuse of antibiotics is likely to
decrease when viral testing is addressed in FWS guidelines
and should therefore be included [34-36].

Inconsistency between FWS guidelines has important
consequences, contributing to increased practice variation.

@ Springer

Aronson et al. evaluated the association between guideline
inconsistency and practice variation among hospitals in the
USA. The FWS recommendations from 21 separate hospi-
tal guidelines contained much variance, which correlated
with the observed practice variation [9]. Moreover, adher-
ence to FWS guidelines in the Netherlands was only 50%
which indicates room for improving implementation of
guideline recommendations or the recommendations them-
selves [13]. An Australian study showed a wide range of
adherence across FWS recommendation categories and age
groups [37]. They measured lower adherence in older chil-
dren, where our findings stated most inconsistency between
the Australian guidelines in children older than one month.
Studies of barriers to guideline adherence reported several
factors influencing physicians, including lack of agreement
with recommendations, doubts about the scientific grounds
or lack of outcome expectancy, complicated description
of recommendations and inconsistency between similar
guidelines [15, 38]. Our findings corroborate several of
these barriers in FWS guidelines, besides the inconsistency
between guidelines. The majority did not report an estab-
lished method of grading scientific evidence supporting
their recommendations, which may increase doubts among
physicians. While most guidelines were updated in the last
two years, the AAP guideline for FWS applicable to chil-
dren with both a low and high risk for serious infection
was published in 1993 [22]. Recently, the AAP published a
new guideline applicable for the well-appearing child with
FWS, yet an updated guideline applicable for children with
a high risk is still lacking [23]. This is likely to contribute to
the aforementioned variance between the 21 separate FWS
hospital guidelines [9]. Therefore, our findings and these
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studies indicate several aspects that could improve guide-
line adherence such as decreasing inconsistency between
guidelines, particularly within countries, using established
grading methods and regularly updating guidelines.

The findings of the current study can assist in harmo-
nizing guideline development and future research for the
management of children with FWS. Despite many publi-
cations on risk assessment tools and practice guidelines,
the appropriate management of children with FWS still
remains a highly debated and studied topic. In guideline
development, it is common to perform a search of exist-
ing guidelines regarding specific management and compare
it with the latest evidence to compose a recommendation.
Subsequently, the aim is to provide evidence-based practical
guidelines, improving quality of care and reducing unwanted
variation. It is not necessary or advisable to aim for com-
plete harmonization between national guidelines, as practi-
cal considerations and local applicability are also taken into
account. Differences between health care systems or resist-
ance patterns in high-income countries can provide solid
arguments for international differences between guidelines.
It is, however, very likely that many recommendations are
based on the same available evidence. To support interpreta-
tion and comparison of evidence for guideline development,
it is recommended to establish international consensus on
targeted age groups and definition for FWS and potential
serious infections. Furthermore, identifying significant dif-
ferences between guidelines provides insight in FWS rec-
ommendations lacking consensus or lacking valid scientific
grounds and may reveal important opportunities for further
analysis and increasing adherence.

We acknowledge that this study contains several limita-
tions. Although our literature search enabled a comparison
of guidelines from various countries, we may have missed
potential eligible guidelines due to the exclusion of non-
English or Dutch guidelines and possible lack of access to
guidelines or guidelines which are not published publically.
We did not use translation programs to include guidelines in
more languages, since the interpretation of health care rec-
ommendations require a detailed understanding of the lan-
guage and may be prone to mistakes. However, our detailed
description of FWS definitions and recommendations can
easily be compared to a physician’s own local guidelines.
Furthermore, our study does not include a guideline quality
assessment. This was a deliberate decision since our aim was
not to compare the quality of guidelines, but rather to pro-
vide insight in current existing recommendations and reveal
important differences between guidelines.

In conclusion, national and regional FWS guidelines
of high-income countries for management of children are
broadly consistent. However, substantial differences were
found in diagnostic and treatment recommendations for
children aged 1-3 months and above three months. In the

context of considerable variation in current practice and
guideline adherence, our results imply a need for consist-
ent, effective and practical recommendations for children
with FWS aged older than one month. International con-
sensus in age range, definition and management of FWS
could improve future guideline development and research
efforts. Further research should be undertaken to investi-
gate what scientific or practical reasoning drives the differ-
ences between guidelines and evaluate if consensus between
guidelines is needed.
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