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Abstract
Febrile children below 3 months have a higher risk of serious bacterial infections, which often leads to extensive diagnostics
and treatment. There is practice variation in management due to differences in guidelines and their usage and adherence.
We aimed to assess whether management in febrile children below 3 months attending European Emergency Departments
(EDs) was according to the guidelines for fever. This study is part of the MOFICHE study, which is an observational mul-
ticenter study including routine data of febrile children (0-18 years) attending twelve EDs in eight European countries. In
febrile children below 3 months (excluding bronchiolitis), we analyzed actual management compared to the guidelines for
fever. Ten EDs applied the (adapted) NICE guideline, and two EDs applied local guidelines. Management included diag-
nostic tests, antibiotic treatment, and admission. We included 913 children with a median age of 1.7 months (IQR 1.0-2.3).
Management per ED varied as follows: use of diagnostic tests 14-83%, antibiotic treatment 23—-54%, admission 34-86%.
Adherence to the guideline was 43% (374/868) for blood cultures, 29% (144/491) for lumbar punctures, 55% (270/492) for
antibiotic prescriptions, and 67% (573/859) for admission. Full adherence to these four management components occurred
in 15% (132/868, range 0-38%), partial adherence occurred in 56% (484/868, range 35-77%).

Conclusion: There is large practice variation in management. The guideline adherence was limited, but highest for admis-
sion which implies a cautious approach. Future studies should focus on guideline revision including new biomarkers in order
to optimize management in young febrile children.

What is Known:

e Febrile children below 3 months have a higher risk of serious bacterial infections, which often leads to extensive diagnostics and treatment.
o There is practice variation in management of young febrile children due to differences in guidelines and their usage and adherence.

What is New:

o Full guideline adherence is limited, whereas partial guideline adherence is moderate in febrile children below 3 months across Europe.

o Guideline revision including new biomarkers is needed to improve management in young febrile children.
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Introduction

Fever is a very common presenting symptom in children
visiting the emergency department (ED), accounting for
approximately 20% of all pediatric emergency visits [1-3].
It remains challenging to clinically distinguish the major-
ity having viral illnesses from serious bacterial infections
(SBIs) such as urinary tract infection, pneumonia, sepsis, or
meningitis. On one hand, this often leads to extensive diag-
nostic testing, antibiotic prescription, high hospitalization
rates, and medical costs [4—6]. On the other hand, delayed
recognition and treatment of SBIs can lead to substantial
morbidity and mortality [7].

Children below 3 months of age have a higher risk of SBI,
namely 5-15%, compared to older children due to specific
pathogens, their immature immune system, and absent or
incomplete vaccinations [6, 8—11]. Therefore, the thresh-
old for diagnostic testing, antibiotic treatment, and hospital
admission is lower in these children. Almost all vaccination
programs in Europe start at an age of 2 or 3 months with dif-
ferences in immunization rates within and across European
countries [12, 13].

Currently, several guidelines have been developed for
management of febrile children below 3 months [14-16].
These guidelines are substantially overlapping, but there
is practice variation in guideline usage and adherence
[17-19]. Clinical practice guidelines (CPGs) were suc-
cessful in safely reducing diagnostic tests, antibiotic treat-
ment and hospital admission with an adjusted odds ratio
of 0.30 after implementation of a CPG in 400 children
below 2 months at an American ED [20]. The National
Institute for Health and Care Excellence (NICE) guideline
of fever in children under 5 years is predominantly used
in Europe [14]. Management in children below 3 months
is advised based on a combination of general appearance
and biomarkers, such as C-reactive protein (CRP) and
white blood cell (WBC) count. The aim of this study is to
provide insight in management of febrile children below
3 months attending European EDs, and to assess adherence
to available fever guidelines, in order to identify areas for
improvement.
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Methods
Study design and setting

This study is part of the MOFICHE study (Management and
Outcome of Fever in children in Europe), which is embed-
ded in the PERFORM project (Personalized Risk assess-
ment in Febrile illness to Optimize Real-life Management
across the European Union) [21]. The MOFICHE study is
an observational multicenter study evaluating management
and outcome of febrile children in twelve EDs across eight
European countries (Austria, Germany, Greece, Latvia, the
Netherlands n =3, Slovenia, Spain, UK n = 3). The hospital
characteristics are shown in Appendix A and described in
a previous study [13]. Approval by the ethics committees
of the participating hospitals was obtained. The need for
informed consent was waived.

Study population

Data of 38,480 children with fever (>38 ‘C) at the ED or
in three consecutive days before ED visit aged 0-18 years
were collected between January 2017 and April 2018. For
this study, only febrile children below 3 months of age were
included. Children with comorbidities or missing data on
management were excluded. Additionally, we excluded
febrile children with bronchiolitis caused by respiratory syn-
cytial virus for the analysis concerning guideline adherence,
since management differs in these children [22].

Data collection

Data were routinely collected from electronic patient records
in a standardized pseudo-anonymized database for at least
1 year to include all four seasons, wherein inclusion varied
from 1 week per month to the whole month per ED (Appen-
dix A). The collected data included patient characteristics
(age, gender, comorbidity (chronic condition expected to last
at least 1 year [23]), presenting symptoms), disease severity
(triage urgency, type of referral, vital signs), diagnostic tests
(laboratory tests, imaging), antibiotic treatment, admission,
focus, and cause of infection. Presenting symptoms were
categorized into four groups: neurological (focal neurologi-
cal signs or meningeal signs), respiratory (coughing or other
signs of respiratory infections), gastrointestinal (vomiting
or diarrhea), and other (non-specified)). Age specific cutoff
values from Advanced Pediatric Life Support were used to
categorize the vital signs into tachycardia, tachypnea, and
hypoxia [24]. Increased work of breathing was defined as the
occurrence of chest wall retractions, nasal flaring, grunting,
or apneas. Focus of infection was categorized into upper res-
piratory tract, lower respiratory tract, gastrointestinal tract,
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urinary tract, flu-like illness or childhood exanthemas, soft
tissue, skin or musculoskeletal infection, sepsis or menin-
gitis, and other (e.g., undifferentiated fever, inflammatory
illness). Lastly, the cause of infection was determined by
the research team using a previously published phenotyp-
ing algorithm [5, 25] (Appendix B). It combines clinical
data and diagnostic results to assign the presumed cause
of infection. The cause of infection was categorized into
definite bacterial, probable bacterial, bacterial syndrome,
unknown bacterial or viral, definite viral, probable viral,
viral syndrome, and other (e.g., inflammatory illness). SBI
was defined as a lower respiratory tract infection, gastroin-
testinal infection, urinary tract infection, sepsis, meningitis,
or musculoskeletal infection in combination with a probable
or definite bacterial cause.

Outcome measures

The main outcome of this study is management, which is
divided into diagnostic tests, antibiotic treatment, and hos-
pital admission. Diagnostic tests are categorized into simple
and advanced diagnostic tests, where simple is considered
less invasive, and advanced is considered more invasive for
the child. Simple diagnostic tests included CRP, WBC count,
Procalcitonin (PCT), urinalysis, urine culture, ultrasound,
chest X-ray, respiratory test, or sputum culture. Blood cul-
ture, lumbar puncture, CT scan, or MRI scan are considered
advanced diagnostic tests. If patients underwent both sim-
ple and advanced diagnostic tests, they were classified as
advanced. Data on antibiotic prescription as well as group of
antibiotics (narrow or broad spectrum) and route of adminis-
tration (oral or parenteral) were collected. Narrow spectrum
antibiotics included penicillins and first-generation cephalo-
sporins. Broad spectrum antibiotics included penicillins with
beta-lactamase inhibitor combinations, macrolides, aminogly-
coside, glycopeptides, and second- and third-generation cepha-
losporins [5]. Children were discharged home or admitted to
the pediatric ward (<24 h or> 24 h) or pediatric intensive care
unit.

The principal investigator of each hospital was asked
which guideline for fever was available at their ED. A dis-
tinction was made into NICE, national or local guidelines for
fever. Additionally, they were asked whether their guideline
for fever was based on the NICE guideline for fever and
specifically if the guideline contained the same diagnostic
and therapeutic strategies as the NICE guideline [14], shown
in Table 1. The four most important components of man-
agement according to the guidelines were compared with
actual management performed in clinical practice at the ED:
blood culture, lumbar puncture, antibiotic treatment, and
hospital admission. Full adherence was defined as having

blood cultures, lumbar punctures, antibiotic treatment, and
hospital admission, all according to the recommendations
of the available guideline for fever. Partial adherence was
defined as following one to three of these four components.
Children were classified as non-adherent when none of the
four components was performed according to the guideline.

Data analysis

Firstly, descriptive statistics were used to describe clini-
cal characteristics and management. The range per ED was
shown as well to show the variability. Additionally, manage-
ment was shown stratified for EDs with high and low preva-
lence of SBI. The cutoff value for a high prevalence of SBI
was 12%, which was determined by the prevalence of SBI
in our study population. Secondly, management performed
including blood culture, lumbar puncture, antibiotic treat-
ment, and hospital admission of children below 3 months
was compared to the available guideline for fever per ED.
Subsequently, we performed subgroup analyses in children
below 1 month and children 1-3 months. Thirdly, we ana-
lyzed the three adherence groups (full, partial, non) stratified
for working diagnosis. Working diagnosis was categorized
into presumed bacterial (definite bacterial, probable bac-
terial, bacterial syndrome), presumed viral (definite viral,
probable viral, viral syndrome), and unknown bacterial or
viral or other cause (Appendix B). P-values <0.05 were
considered statistically significant. Data were statistically
analyzed using IBM SPSS software version 25.

Results
Patient characteristics and management

The population for analysis consisted of 913/38,480 (2%)
febrile children below the age of 3 months. The median age
was 1.7 months (IQR, 1.0-2.3) and the majority were boys
(58%). Fifty-four percent of the children were referred by
a physician and triaged as intermediate/high urgent (53%).
The respiratory tract was the most common focus of infec-
tion, and the majority had a viral cause of infection (Table 2)
(Appendix C). The causative pathogens stratified for bacteria
and viruses are shown in Appendix D. Management in chil-
dren below 3 months is also shown in Table 2. Only sim-
ple diagnostic tests were performed in 37%, of which CRP
and WBC were performed most frequently (75% and 73%).
Advanced diagnostics tests were performed in 44%, of which
blood cultures were performed in 43% and lumbar punc-
tures in 22%. Antibiotics were prescribed in 41% of which
the majority received parenteral (92%) and broad spectrum
antibiotics (89%). Sixty-eight percent of the children were
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admitted, of which 80% were admitted more than 24 h. Man-
agement per ED varied as shown in Table 2 and management
was not associated with the prevalence of SBI at the ED as
shown in Appendix E.

Guideline adherence

Guideline adherence in febrile children (excluding bronchi-
olitis) below 3 months (N=_868) is shown in Fig. 1 and the
range per ED is shown in Appendix F. Guideline adher-
ence varied as follows: blood cultures were obtained in
43% (374/868, range 13-67%), lumbar punctures in 29%
(144/491, range 0-62%), antibiotics were prescribed in
55% (270/492, range 33-80%), and 67% (573/859, range
31-91%) were admitted. Full adherence to the guideline
occurred in 15% (132/868, range 0-38%), partial adherence
to the guideline occurred in 56% (484/868, range 35-77%),
and no adherence occurred in 29% (252/868, range 13-45%).
The majority fulfilled the criteria of partial adherence since
these children were admitted according to the guideline
(441/484, 91%). The three adherence groups stratified for
working diagnosis are shown in Fig. 2. Twenty-one percent
(186/868) of the children had a presumed bacterial infec-
tion, 54% (467/868) had a presumed viral infection, and 25%
(215/868) had an unknown or other infection. In children
with a presumed bacterial infection, full adherence occurred
in 23% (42/186), partial adherence in 71% (133/186), and
90% (167/186) were admitted. In children with a presumed
viral infection, full adherence occurred in 14% (66/467), par-
tial adherence occurred in 51% (239/467), and 61% were
admitted (283/467). Management and guideline adherence
stratified for children below 1 month (N=231) and 1 to
3 months (N=682) is shown in Appendix G. Children below
1 month received more often advanced diagnostic tests (50%
versus 42%), received antibiotic treatment more frequently
(55% versus 36%), and were admitted more frequently (76%
versus 65%) compared with children aged 1 to 3 months.
Full adherence to the guideline in children below 1 month
was 32% (71/223) compared with 10% (61/645) in children
aged 1 to 3 months.

Discussion
Main findings

In this study, we examined management and guideline
adherence in febrile children below 3 months, which cov-
ers 2% of the total pediatric population with fever attend-
ing twelve European EDs. Twelve percent of these chil-
dren had a SBI which corresponds with previous literature
where the percentage of SBI in children below 3 months

varied between 5 and 15% [6, 8, 9]. There was large prac-
tice variation in management across the EDs, in which
diagnostic tests ranged from 14 to 83%, antibiotic treat-
ment ranged from 23 to 54%, and admission ranged from
34 to 86%. No association between settings with a high
prevalence of SBI (> 12%) and more extensive manage-
ment was found. Full guideline adherence was limited,
namely 15% (132/868, range 0-38%), but partial guideline
adherence was moderate 56% (484/868, range 35-77%), of
which the majority (91%) were adherent to the admission
component. In the subgroup analysis, we have seen that
full adherence to the guideline occurred more often in chil-
dren below 1 month compared with children 1-3 months
(32% versus 10%). When we describe the four manage-
ment components separately, guideline adherence varied
as follows: a blood culture was obtained in 43%, a lumbar
puncture in 29%, antibiotic treatment was given in 55%,
and 67% were admitted. The high percentage of adherence
for hospital admission (67%) could be interpreted as a cau-
tious approach. The low adherence for lumbar punctures
could be due to the physicians’ decision but also due to
failure of lumbar punctures, which was described to occur
in 38% of children below 3 months [26]. Additionally, in
children with a presumed bacterial infection, full guide-
line adherence occurred in 23%, partial guideline adher-
ence occurred in 71%, and 90% were admitted. In children
with a presumed viral infection, full guideline adherence
occurred in 14%, partial guideline adherence in 51%, and
61% was admitted.

Strengths and limitations

To our knowledge, this is the first study to examine actual
management and adherence to guidelines for fever in chil-
dren below 3 months using a large European multicenter
ED cohort. High-quality routine data was collected exten-
sively, which made it possible to compare actual manage-
ment (diagnostic tests, treatment, admission) with the
management recommended by the guidelines for fever.
There are some limitations as well. No data on follow-
up was collected in this study, which made it difficult to
interpret the outcome of guideline adherence. However,
the majority were admitted and we used the phenotyp-
ing algorithm as proxy for the working diagnosis, which
had a good performance in allocating a bacterial cause
of infection [25]. Additionally, we had data on whether
children died and this was not the case in our cohort. Par-
ticipating EDs were part of large university or teaching
hospitals, which might limit generalizability to general
hospitals. However, an additional analysis examining
management stratified for prevalence on SBI did not show
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Table 2 Patient characteristics Febrile Children Range per ED (%) Missing
and management (N=913) below 3 months
Age (months) ? 1-7 (1-0-2-3) 0-9-2-3 -
Gender (boys) 526 (58) (42-71) -
Referred 495 (54) (14-100) 10 (1)
Triage urgency 371 (41) (4-96) 56 (6)
-Low 486 (53) (4-87)
-Intermediate/high
Il appearance 214 (23) 4-57) 69 (8)
Presenting symptom b 24 (3) (0-13) 94 (10)
-Neurological 438 (48) (21-83) 143 (16)
-Respiratory 201 (22) (8-37) 137 (15)
-Gastrointestinal 369 (40) (9-62) 0(0)
-Other
Vital signs
Tachycardia 220 (24) (6-46) 73 (8)
Tachypnea 176 (19) (4-29) 193 (21)
Hypoxia 354) (0-9) 103 (11)
Temperature (°C) * 37-6 37-1-38-5 68 (7)
(37-0-38-2)
Duration of fever (days) * 0-5 (0-5-1-5) 0-5-0-5 88 (10)
Increased work of breathing 103 (11) (1-21) 153 (17)
Focus of infection 229 (25) (3-50) -
-Upper respiratory tract 138 (15) (0-30)
-Lower respiratory tract 54 (6) (0-18)
-Gastrointestinal tract 94 (10) (4-24)
-Urinary tract 354) (1-10)
-Flu like illness or exanthema 22 (2) 0-7)
-Soft tissue, skin or musculoskeletal 81(9) (0-36)
-Sepsis/meningitis 260 (29) (9-46)
-Other
Diagnostic tests 179 (20) 0-34) -
-No diagnostic tests 333 (37) (16-83)
-Only simple diagnostic tests ¢ 251(75) (27-100)
-CRP 242 (73) (32-100)
-White blood cell count 10(3) (0-33)
-PCT 190 (57) (23-80)
-Urinalysis 68 (20) (0-67)
-Urine culture 26 (8) (0-16)
-Ultrasound 46 (14) (0-37)
-Chest X-ray 81(24) (7-60)
-Respiratory test/sputum culture 401 (44) (14-67)
-Advanced diagnostic tests ¢ 394 (98) (88-100)
-CRP 390 (97) (81-100)
-White blood cell count 50 (13) (0-92)
-PCT 293 (73) (50-98)
-Urinalysis 288(72) (24-96)
-Urine culture 61(15) (0-31)
-Ultrasound 65 (16) (0-50)
-Chest X-ray 152 (38) (0-81)
-Respiratory test/sputum culture 392 (98) (13-67)
-Blood culture 197 (49) (0-38)
-Lumbar puncture 3(1) (0-4)
-CT scan 0(0) (0)
-MRI scan
Antibiotic treatment 374 (41) (23-54) -
-Oral 27 (7) (0-45)
-Parenteral 345 (92) (55-100)
-Narrow spectrum 33 (9) (0-19)
-Broad spectrum 334 (89) (81-100)
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Table 2 (continued)

Febrile Children Range per ED (%) Missing
below 3 months
Hospital admission 621 (68) (34-86) -
-Hospital admission>24 h ¢ 498 (80) (17-74)
-Admission to PICU 11 (2) 0-7)

Absolute numbers and percentages (%) are shown

“Median and interquartile range (IQR) are shown; range per ED: lowest and highest median are shown

Pt is possible to have more than one presenting symptom. If children had no neurological, respiratory, and
gastrointestinal symptoms, they were classified as other

“Percentages per subcategory are based on the total number of children per management category

dMissing data on route of administration antibiotics and type of antibiotics (0-5-2%), and duration of hos-

pital admission (3%)
®No children died in this cohort

any differences in management. The hypothesis that EDs
would perform more extensive management when the pro-
portion of children with SBI is high was not reflected in
the results, which implies that differences in management
across EDs do not appear to be related to the prevalence of
SBI (Appendix E). Lastly, we defined adherence as man-
agement performed according to the guideline and non-
adherence as management not performed as recommended
by the guideline. However, there was a small proportion of
children in whom extensive management was performed in
whom it was not recommended by the guideline, but other
factors might have led to these diagnostics and treatment.
We did not allocate these cases as non-adherent.

Fig. 1 Guideline adherence
in children below 3 months

Implications for clinical practice

This study shows large practice variation in management
across EDs and limited full adherence, but moderate partial
adherence to guidelines for fever, which once again high-
lights that managing these febrile children below 3 months
is challenging. On one hand, missing SBIs can lead to mor-
bidity and even mortality. On the other hand, these children
often receive extensive diagnostic testing and antibiotic
treatment and are admitted leading to high medical costs
and great impact on children and parents. The discussion on
diagnostic uncertainty and hospitalization of febrile children
below 3 months already started about 40 years ago, when a

Full guideline adherence and four

(N=868) components seperately
80%
70% 67%
60% 55%
S 3%
40%
29%

30%
20% 15%
10%
0%

Full adherence  Blood culture Lumbar puncture  Antibiotic Hospttal

treatment admission
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Guideline adherence stratified for working

diagnosis
100% 6%
90%
80% B3 37%
70%
60% 71%
50% No adherence
0% 51% =
gooz 52% Partial adherence
20% soxe m Full adherence
0,
g
°
Presumed Presumed Unknown
bactenal viral other
N=186) N=467) N=215)

Fig.2 Guideline adherence stratified for working diagnosis (N =868)

study by DeAngelis et al. showed that approximately 20% of
hospitalized, febrile children below 2 months had complica-
tions due to diagnostic tests, antibiotic treatment, or the hos-
pitalization itself [27]. Since then, many studies examined
the use of guidelines and prediction models for the risk of
SBI in young febrile children to reduce antibiotic treatment
and hospital admission. The adherence to the guidelines for
fever was limited in our study, which may raise the ques-
tion whether our current guidelines are interpreted differ-
ently and probably too cautious. However, when children
were not fully managed according to the guideline, most of
them were admitted and this implies a cautious approach.
Furthermore, management at the ED can be influenced by
many factors, such as parental concern, physicians’ working
experience, overcrowding, and nurses’ and physicians’ gut
feeling. However, overall clinical impression of experienced
nurses at the ED is not an accurate predictor of serious
illness in children and clinician’s gut feeling is not predic-
tive for diagnosing SBIs [28, 29]. We suggest to improve
management of febrile children below 3 months by revising
the guidelines, since physicians make different decisions
regarding management than is recommended by the guide-
lines. Before revising the guidelines, it would be beneficial
if physicians can substantiate their decision-making con-
cerned management including blood culture, lumbar punc-
ture, and antibiotic prescription in cases of febrile children
below 3 months attending the ED. Additionally, as the final
cause of infection was predominantly viral, there is room
for improvement in management by reducing antibiotics
and admission in this group, which contributes to lowering
antimicrobial resistance and medical costs associated with
admission. The American Academy of Pediatrics’ CPG for
febrile children below 2 months recommend less extensive
management based on age and well appearance but should
be validated in a European cohort [30]. The proportion of
full adherence to the guideline was higher for bacterial
than for viral infections, which implies that the guidelines

@ Springer

are contributing to the decision-making process. However,
CPGs should be improved to guide decision-making, since
none of several CPG’s studied demonstrated ideal perfor-
mance characteristics in previous research [31]. Discovery
and implementation of a new biomarker in the guidelines
for young febrile children could improve the ability to make
a better distinction between bacterial or viral infections. A
promising biomarker in distinguishing bacterial and viral
infections in febrile children is based on the RNA host
response [32-34].

Conclusion

There is large practice variation in management in febrile
children below 3 months attending European EDs. Full
guideline adherence was limited, but highest in children with
a presumed bacterial infection. Partial adherence was moder-
ate, with highest compliance for admission, which implies a
cautious but expensive approach. Future studies should focus
on guideline revision including new biomarkers in order to
optimize management in young febrile children.
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