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BACKGROUND. The reported prevalence of serious bacterial infections (SBI: urinary tract infection (UTI),
bacteremia, and meningitis) among febrile infants <60 days of age varies from 8% to 23%. There are indications
that the prevalence of infections differs between the sexes. Infants with fever at home but afebrile at the pediatric
emergency department (PED) might have a lower risk of SBls. Furthermore, the management of febrile infants
and adherence to guidelines varies among PEDs. There is a paucity of knowledge regarding how physicians
decide whether to follow management recommendations.

AIM. To describe the age- and sex-specific prevalence of SBls in infants aged <60 days with fever without source
(FWS) at four PEDs in Sweden. To evaluate whether there is a difference in the prevalence between infants with
reported fever at home who are afebrile at the PED and those who are still febrile. To describe the clinical
management and outcomes of febrile infants. To investigate physicians’ decision-making process when managing
febrile infants aged <60 days and to describe the factors that influenced this decision.

METHOD. This thesis is comprised of 2 separate projects. The first is a retrospective cross-sectional study in
previously healthy, full-term febrile infants <60 days with FWS who presented at 4 PEDs in 2014-2020. The
second is a qualitative study with a phenomenographic approach based on focus group discussions with
physicians active in 2 of the PEDs.

RESULTS. There were included 2237 febrile infants aged <60 days with FWS. The prevalence of SBls was 12.6%
(95% Cl, 11.0-14.3), of UTI 11.0% (95% ClI, 9.5-12.6), of bacteremia 1.5% (95% ClI, 1.0-2.2), and of meningitis
0.5% (95% Cl, 0.2-0.9). In infants aged <28 days, the prevalence of meningitis did not differ (p=1.000) between
girls 0.8% (95% Cl, 0.1-2.9) and boys 0.9% (95% Cl, 0.2-0.2.7). Similarly, there was no difference in the risk of
meningitis between infants aged <28 days with reported fever at home who were febrile at the PED and those still
febrile, with a risk ratio (RR) of 1.05 (95% ClI, 0.18-6.23). In infants aged <28 days, lumbar puncture (LP) was
performed in 13% (95% CI, 11-16), blood culture in 40% (95% CI, 36—40), broad-spectrum antibiotics were
administered in 30% (95% CI, 26—-34), and 67% (95% CI1,63—71) were hospitalized. Of the infants who did not
receive antibiotics at the initial approach, 0.3% (95% Cl, 0.1-0.8) were diagnosed with meningitis or

bacteremia. Three main factors influenced the decision-making process on whether to perform an LP:1) a possible
focus of infection that could explain the origin of the fever; 2) questioning whether the temperature at home
reported by the parents was a fever, especially if it was <38.2°C; and 3) the infant’s general condition and
questioning the need for LP in case of well-appearing infants.

CONCLUSIONS. The prevalence of meningitis and bacteremia was low in infants aged <60 days with FWS. A
different meningitis risk estimation is not justified for infants aged <28 days with reported fever at home afebrile at
the PED. The management of febrile infants aged <28 days did not constitute of routine LP, blood culture,
antibiotic treatment, and hospitalization but was not associated with increased adverse outcomes. Such
management should be investigated further since it could reduce unnecessary investigations, antibiotic
treatments, and hospitalizations. The primary factors that influenced physicians to omit performing LP were
general appearance, presence of fever, and possible focus of infection.
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puncture, blood culture, guidelines, adherence, decision-making process
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Introduction

Fever is the most common reason for visiting a pediatric emergency department
(PED)."? A study from 12 PEDs in 8 European countries, which included 16 268
febrile children 0-18 years old, showed that no more than 0.8% had a potential life-
threatening bacterial infection.’ Similar results were shown in a similar single-center
study from Australia with 15 781 febrile children under 5 years of age.* Due to this
low risk, immediate contact with a healthcare facility is not recommended for febrile
children without alarming symptoms. In contrast, healthcare providers and national
advice agencies recommend immediate medical evaluation for febrile infants
younger than 60 days of age.” ° The reason is that those febrile infants have a higher
risk of serious bacterial infections (SBIs) than older children.”” The term SBI
commonly includes urinary tract infections (UTIs), bacteremia, and meningitis.’
These infections have been associated with increased morbidity and potential
mortality.'”'® Because of the higher risk and the potential severity, most established
guidelines for managing febrile infants younger than 60 days of age recommend
extensive investigations (e.g., lumbar puncture, urinalysis, cerebrospinal fluid,
blood and urine cultures), hospitalization, and treatment with parenteral broad-
spectrum antibiotics. !¢

Infants younger than 60 days have the highest visit rate to emergency departments
(ED) among children.'” '® Ramgopal et al. reported that 1,1 million febrile infants
<60 days old visited an ED in the US during 2007-2017, translating to almost
100 000 visits per year.'® Febrile infants are also seen in primary and private office
health settings and the number of ambulatory visits exceeds that of ED visits.” 2% %!
Thus, the actual number of febrile infants <60 days old seen annually in US health
facilities is likely significanlty higher than 100 000 per year. There are no concrete
data in Europe regarding the visits of febrile infants to EDs or primary healthcare
facilities. However, in 2021 there were 4.1 million births in Europe versus 3.7
million in the US.**** Also, most European countries have universal healthcare
systems, so access to healthcare is likely at least as easy in Europe as in the US.
Therefore, despite the paucity of data for Europe, it could be speculated that the
number of febrile infants aged <60 days who visit a healthcare facility in Europe
could be more than 200 000 per year.

However, despite the higher risk of SBIs, most febrile young infants have benign or
self-limiting viral infections.” ** Thus, hundreds of thousands of febrile young
infants are subjected to extensive, often unnecessary, investigations,
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hospitalizations, and antibiotic treatments every year. Interventions with potentially
harmful effects on infants, their families, and the health system. 25,26

Due to the potentially harmful effects of investigations, hospitalizations, and
antibiotic treatments, researchers have attempted to develop new prediction models
in the last few decades. Prediction models that can: a) better identify the febrile
infants at low risk of a serious bacterial infection who might not benefit from a
medical intervention, b) minimize the complications of excessive investigations on
the infants, and ¢) improve utilization of health resources.”*" %

Accurate and updated prevalence data for SBIs are essential for the development of
patient-safe and effective prediction models for managing febrile infants. However,
no prevalence studies have been conducted in Sweden. Extrapolating prevalence
data from countries with different characteristics can result in a significant
underestimation or overestimation of risks. Also, it is crucial to study the
performance of management guidelines in different settings, particularly in settings
with different characteristics from those they were derived. Furthermore, identifying
management variations and possible associated differences in outcomes could
provide opportunities to improve current guidelines to enhance patient safety and
optimize resource utilization. However, no studies in Sweden have described the
management and outcomes of febrile infants. Moreover, understanding why
physicians follow or do not follow management recommendations is essential for
developing new guidelines, improving or adjusting current guidelines, and
designing implementation strategies. However, there is a paucity of knowledge on
how physicians decide to follow the guidelines when managing febrile infants.

Thus, this thesis investigates the prevalence of serious bacterial infections in febrile
infants aged <60 days, describes the management of these infants in 4 Swedish
PEDs, and describes physicians’ decision-making process when managing febrile
infants aged <60 days.

This thesis aspires to be a comprehensive and in-depth overview of the field of
febrile infants. It attempts to present most of what is known and discuss knowledge
gaps as | perceive them. The aim is to question commonly accepted beliefs, generate
discussions, and raise questions. In trying to achieve the above, this thesis might be
perceived as provocative and quite long.

Etiology of fever in young infants

Several studies have investigated the etiology of fever in young febrile infants.
Pantell et al. performed a study on febrile infants aged <90 days in pediatric office
settings in the US between 1995 and 1998. They reported that almost 85% of the
final diagnoses were of presumably viral etiology.” Similarly, a recent study from
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the Pediatric Emergency Care Applied Research Network (PECARN) reported that
40% of febrile infants <60 days who were tested for viruses were positive.”’ Other
studies have shown a high prevalence of enterovirus,** *** respiratory syncytial
virus,?* ** 34 influenza,?* *> 3¢ rhinovirus,”” human herpes virus 6, and human
parechovirus®' among febrile infants. The incidence of these viral infections varies
seasonally. Enterovirus is identified in up to 50% of febrile infants during summer
and fall.*®3*33 Respiratory syncytial virus and influenza are predominant during late
fall and winter.** ¥ Hence, viral infections cause most febrile illnesses in infants.

However, serious bacterial infections (SBI) are not a negligible cause of illness in
young febrile infants, because they can cause significant morbidity and mortality in
rare cases. The term SBI classically includes urinary tract infections (UTI),
bacteremia, and bacterial meningitis.

Serious Bacterial Infections

Studies in the US and Spain have investigated the prevalence of SBIs among young
febrile infants. In previous decades, most studies included infants 0-90 days old and
separately reported for the <1 month age subgroup. Thus, data on infants aged <60
days are limited. The reported SBI prevalence in this age group varies greatly from
6% to 26%. It is highest in the first month of life (6-30%) and lower in the second
month (5-26%). The lower prevalence data were mostly reported in studies
conducted in the US (Table 1).
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Table 1. Reported prevalence of serious bacterial infections (SBI) per age group

. <2 1st 2nd

'::::)hYoZar Country Igg::::m i::_:?d Months Month  Month
(%) (%) (%)

Jaskiewicz 1994 USA Fever, 0-60d 1985-1992 6.1 7.3 5.6
Baker 1993 USA Fever, 29-56d 1987-1992 - 6.0 -
Schwartz 2008 Israel Fever, ED, 0-28d 1997-2006 19.4 - -
Watt 2010 USA FWS, BC, 0-90d 1997-2006 9.5 8.0 10.6
Ashkenazi 2011 Israel Fever, Hospitalized, 0-90d 2005-2009 9.7 13.7 7.2
Garcia 2012 Spain FWS, ED, 0-90d 2003-2010 20.1 26.3 17.7
Bressan 2012 Spain/ltaly g(\)"(’f’ Investigations®, 0- 2008-2010  26.2 27.2 25.6
Milcent 2016 France Fever, Hospitalized, 7-91d 2008-2011 - 7.2 -
Greenhow 2016 USA Fever, ED, 7-90d 2010-2013 17.9 223 15.3
Aronson 2014 USA Fever, ED, 0-90d 2011-2013 8.6 111 7.5
Kuppermann 2019 USA Ei";ri'ﬁsgl'y Ei||[,)’o-60 g 20112013 9.3 130 77
Aronson 2015 USA Fever, ED, 0-56d 2013-2013 8.6 11.9 6.9
Carmon 2017 Israel Fever, Hospitalized, 0-60d 2013-2014 23.0 30.0 22.0
Yaeger 2018 USA Fever, ED, 0-90d 2014-2014 14.2 17.0 13.0
Bonilla 2019 Spain FWS, ED, 0-90d 2003-2017 18.2 21.5 16.6
Velasco 2020 Spain FWS, PCT, ED, 0-60d 2007-2018 20.7 - -
Mahajan 2022 USA Fever, 2 one culture, 0-60d  2011-2019 10.6 12.2 8.1

FWS, Fever Without source; d, age in days; BC, Blood Culture; ED, Emergency Department; PCT, Procalcitonin;
* Investigations, PCT, CRP, Urine dipstick, and BC

Most studies have used the term SBI to report the prevalence of bacterial infections
in febrile infants. However, it is considered problematic to report together UTI and
bacterial meningitis, diseases with very different severity and prognosis. Meningitis
is associated with significant mortality, morbidity, and short- and long-term
sequelae.'™ ' 3% On the contrary, UTI is rarely the cause of sepsis in otherwise
healthy infants and has much lesser short- and long-term sequelae in.**** Thus, the
recent American Academy of Pediatrics (AAP) clinical practice guideline for the
management of febrile infants <60 days old discourages the use of the term SBI.*®

Invasive Bacterial Infections

In the last decade, the term invasive bacterial infections (IBI) was introduced for
infants with bacterial meningitis or bacteremia. The reported IBI prevalence in
febrile infants aged <60 days varies from 1.6% to 6.4% (Table 2). It is highest in the
first month of life (2.2-9.7%) and lower in the second month (1.2-5.0%).
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Table 2. Reported prevalence of invasive bacterial infections (IBI) per age group

. <2 1st 2nd
Sﬂ;h$;;r Country Ig:i:::::)n g::ﬂyd Months Month  Month
(%) (%) (%)
Jaskiewicz 1994 USA Fever, 0-60d 1985-1992 - - 1.2
Baker 1993 USA Fever, 29-56d 1987-1992 - - 2.8
Pantell 2004 USA Fever, 0-90d 1995-1998 2.8 41 1.9
Watt 2010 USA FWS, BC, 0-90d 1997-2006 3.9 4.5 3.5
Schwartz 2008 Israel Fever, ED, 0-28d 1997-2006 - 3.1 -
Garcia 2012 Spain FWS, ED, 0-90d 2003-2010 2.2 23 2.2
Bonilla 2019 Spain FWS, ED, 0-90d 2003-2017 3.2 5.1 23
Velasco 2020 Spain FWS, PCT, ED, 0-60d 2007-2018 3.0 - -
Bressan 2012 Spain/ltaly  FWS, Investigations*, 0-90d  2008-2010 23 3.7 1.6
Milcent 2016 France Fever, Hospitalized, 7-91d 2008-2011 - 2.2 -
Greenhow 2016 USA Fever, ED, 7-90d 2010-2013 3.6 5.3 23
Kuppermann 2019 USA Z‘Z"Cerri'ﬁsacu'y EiIIi’O-SO g 2011-2013 16 2.6 13
Aronson 2015 USA Fever, ED, 0-56d 2013-2013 3.6 5.6 25
Carmon 2017 Israel Fever, Hospitalized, 0-60d 2013-2014 24 - -
Yaeger 2018 USA Fever, ED, 0-90d 2014-2014 6.4 9.7 5.0
Mahajan 2022 USA Fever, 2 one culture, 0-60d 2011-2019 24 3.7 1.3

FWS, Fever Without source; d, age in days; BC, Blood Culture; ED, Emergency Department; PCT, Procalcitonin;
* Investigations, PCT, CRP, Urine dipstick, and BC

However, even the term IBI may distort the understanding of the illness panorama
among young febrile infants. Studies have investigated the outcome in well-
appearing febrile infants with isolated bacteremia who were sent home without
antibiotics after their initial encounter at the PED. They did not report any
unfavorable outcomes, and 75% of the infants did not have fever on their return
visit.**¢ Similarly, concomitant bacteremia with UTI or meningitis does not worsen
the prognosis.*’*’ There is no evidence that bacteremia causes mortality or short-
and long-term morbidity to the same extent as meningitis. Therefore, experts in the
field recommend reporting prevalence per disease to promote clarity in the
nomenclature and to accumulate better data for infrequent infections such as
meningitis.”®

Bacterial Meningitis

The reported prevalence of meningitis among febrile infants aged <60 days varies
from 0.3% to 1.4% (Table 3). It is highest in the first month of life (0.3-2.4%) and
lower in the second month (0.1-1.2%). Biondi et al., in a systematic review and
meta-analysis, reported a meningitis prevalence of 1.2% (95% CI, 0.8-1.9) for the
first month and 0.4% (95% CI, 0.2-1.0) for the second.’® The studies included in this
review were performed between 1992 and 2010, the majority in the 1990s, and only

14



one from Europe. Most of the studies presented in Table 3 were performed between
2000 and 2019, and more European studies are included.

Table 3. Reported prevalence of bacterial meningitis per age group

. <2 1st 2nd

Qtl::)h;tlar Country I(;lr‘i:::fi:m ﬁtel::z‘ Months Month  Month
(%) (%) (%)

Baker 1993 USA Fever, 29-56d 1987-1992 - - 1.2
Pantell 2004 USA Fever, 0-90d 1995-1998 0.7 1.2 0.4
Schwartz 2008 Israel Fever, ED, 0-28d 1997-2006 - 0.7 -
Watt 2010 USA FWS, BC, 0-90d 1997-2006 0.4 0.4 0.4
Garcia 2012 Spain FWS, ED, 0-90d 2003-2010 0.5 1.3 0.1
Bonilla 2019 Spain FWS, ED, 0-90d 2003-2017 0.6 1.6 0.1
Velasco 2020 Spain FWS, PCT, ED, 0-60d 2007-2008 0.5 - -
Milcent 2016 France Fever, Hospitalized, 7-91d 2008-2011 - 1.0 -
Greenhow 2016 USA Fever, ED, 7-90d 2010-2013 0.3 0.3 0.3
Kuppermann 2019 USA ;i"cerri'ticB;'y Eulf'o-so s 2011-2013 06 1.2 0.3
Mahajan 2022 USA Fever, = one culture, 0-60d 2011-2019 0.5 1.2 0.2
Aronson 2015 USA Fever, ED, 0-56d 2013-2013 0.5 1.0 0.3
Carmon 2017 Israel Fever, Hospitalized, 0-60d 2013-2014 0.3 - -
Yaeger 2018 USA Fever, ED, 0-90d 2014-2014 1.4 2.4 1.0

FWS, Fever Without source; d, age in days; BC, Blood Culture; ED, Emergency Department; PCT, Procalcitonin;

Bacteremia

The reported prevalence of bacteremia among febrile infants <60 days varies from
1.3% to 5.7% (Table 4). It is highest in the first month (1-7.3%) and lower in the
second month (1.1-5.0%). The same meta-analysis by Biondi et al. reported a
bacteremia prevalence of 2.9% (95% CI, 2.3-3.7) for the first month and 1.6% (95%
CI, 0.9-2.7) for the second.’® The prevalence of isolated bacteremia, as reported by
a few studies, varies from 0.5% to 4.2%.
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Table 4. Reported prevalence of bacteremia per age group

. <2 1st 2nd

'::::)hYoZar Country Igg::::m Iitel:;::/d Months Month  Month
(%) (%) (%)

Jaskiewicz 1994 USA Fever, 0-60d 1985-1992 1.3 1.4 1.2
Baker 1993 USA Fever, 29-56d 1987-1992 - - 25
Schwartz 2008 Israel Fever, ED, 0-28d 1997-2006 - 3.1 -
Watt 2010 USA FWS, BC, 0-90d 1997-2006 3.2 4.0 3.5
Gomez 2010 Spain FWS, BC, 0-90d 2003-2008 3.3 3.3 21
Garcia 2012 Spain FWS, ED, 0-90d 2003-2010 1.7 1.0 2.0
Bonilla 2019 Spain FWS, ED, 0-90d 2003-2017 2.3 2.9 2.0
Velasco 2020 Spain FWS, PCT, ED, 0-60d 2007-2018 2.8 - -
Milcent 2016 France Fever, Hospitalized, 7-91d 2008-2011 - 1.2 -
Powel 2018 USA Fever, BC, 0-60d 2008-2011 1.8 3.1 1.1
Greenhow 2016 USA Fever, ED, 7-90d 2010-2013 3.2 55 2.0
Kuppermann 2019 USA Ei"srri'ﬁcBaC”’y Eilll:,)!0—60 g 20112013 1.6 2.1 1.2
Mahajan 2022 USA Fever, 2 one culture, 0-60d 2011-2019 1.8 3.0 1.3
Aronson 2015 USA Fever, ED, 0-56d 2013-2013 3.1 4.7 22
Carmon 2017 Israel Fever, Hospitalized, 0-60d 2013-2014 2.2 - -
Yaeger 2018 USA Fever, ED, 0-90d 2014-2014 5.7 7.3 5.0

FWS, Fever Without source; d, agen in days; BC, Blood Culture; ED, Emergency Department; PCT,
Procalcitonin;

Urinary Tract Infection

The reported prevalence of UTI among febrile infants aged <60 days varies from
4.7% to 21.3% (Table 4). It is highest in the first month of life (5.5-27%) and lower
in the second month (3.2-18%). Shaikh et al., in a meta-analysis, reported a
prevalence ranging from 3% to 14% in febrile infants <2 months. Uncircumcised
boys <2 months had the highest prevalence of all groups.”'
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Table 5. Reported prevalence of urinary tract infection (UTI) per age group

. <2 1st 2nd

'::::)hYoZar Country Igg::::m Iitel:;::/d Months Month  Month
(%) (%) (%)

Jaskiewicz 1994 USA Fever, 0-60d 1985-1992 4.7 5.7 4.5
Baker 1993 USA Fever, 29-56d 1987-1992 - - 3.2
Schwartz 2008 Israel Fever, ED, 0-28d 1997-2006 - 18.3 -
Watt 2010 USA FWS, BC, 0-90d 1997-2006 7.0 5.5 10.2
Garcia 2012 Spain FWS, ED, 0-90d 2003-2010 18.4 24 15.6
Bonilla 2019 Spain FWS, ED, 0-90d 2003-2017 14.6 16.0 13.9
Velasco 2020 Spain FWS, PCT, ED, 0-60d 2007-2018 17.5 - -
Milcent 2016 France Fever, Hospitalized, 7-91d 2008-2011 - 17.6 -
Greenhow 2016 USA Fever, ED, 7-90d 2010-2013 14.3 17.3 12.8
Kuppermann 2019 USA Ei"frri'ﬁfgl'y EiIIi’O-GO g 20112013 7.7 103 66
Mahajan 2022 USA Fever, = one culture, 0-60d 2011-2019 8.2 9.8 7.4
Aronson 2015 USA Fever, ED, 0-56d 2013-2013 5.2 7.2 4.1
Carmon 2017 Israel Fever, Hospitalized, 0-60d 2013-2014 21.3 27.0 17.9
Yaeger 2018 USA Fever, ED, 0-90d 2014-2014 7.8 7.3 8.0

FWS, Fever Without source; d, age in days; BC, Blood Culture; ED, Emergency Department; PCT,
Procalcitonin;

However, there is significant heterogeneity in the diagnosis of UTI among the
studies. The urine collection methods varied from suprapubic aspiration to bladder
catheterization, urine bags, or ‘‘clean catch.” In addition, the definition of UTI has
changed, and inflammation, defined as leukocyturia or the presence of nitrate on
urinalysis, has been endorsed as a component of the definition. Older studies did not
have urinalysis as a prerequisite for the diagnosis, and growth of bacteria, even
without signs of inflammation, was considered diagnostic of UTL.>*>

Another point of interest is that there seems to be an increase in the reported
prevalence of UTIs over time.”' The reasons behind this are unclear, but there are
concerns that the UTI prevalence might have been systematically and increasingly
overestimated. In recent decades, many influential articles and institutional
guidelines have highlighted the importance of early identification and treatment of
UTIs to prevent renal scarring and long-term complications.'*?”3*¢ This has led to
aggressive testing in pursuit of the diagnosis of UTIs. However, studies have shown
considerable contamination rates of urine samples, even when collected with
suprapubic aspiration or catheterization, which have been considered the gold
standard.’” Also, the entity of asymptomatic bacteriuria has recently been
recognized and accepted for children as well as for adults, opposed to the
“‘traditional belief> that the urine bladder is “‘sterile’”.*® Finally, urinalysis has low
specificity and positive predictive value.’” ® Thus, the aggressive pursuit might
have resulted in an overdiagnosis and misdiagnosis of UTIs.** Considering that
UTIs account for up to 90% of SBIs,* ¢! > a likely overestimation of the UTI
prevalence might have resulted in an overestimation of SBIs in general. However,
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the increase in the reported prevalence of UTI might be partially true due to a
decrease in the rates of circumcision.** * Furthermore, it has been hypothesized that
intrapartum antibiotic prophylaxis for Group B Streptococcus might be leading to a
selection for gram negative bacteria, like E. coli, which are common causes of
UTL*®

Prevalence per week of age

Several studies have reported the prevalence of infections per week of age. Garcia
et al.%® from Spain, Aronson et al.® from the US, and Schwartz et al.”® from Israel
reported that the prevalence of SBIs was highest during the second and third week
of life and declined after that. Similar results have been shown for the prevalence of
IBIs.%% %% 772 Also, Ladhani et al., in an analysis of prospective national surveillance
data in England, reported that the incidence of IBIs was highest during the first week
of life and declined rapidly afterward.” Similarly, Okike et al., in a national
population-based surveillance study in the United Kingdom and Ireland, reported
the highest incidence of meningitis during the first weeks of life.”

Epidemiology and etiology of bacterial infections

In medical textbooks, Group B Streptococcus (GBS), Escherichia coli (E. coli), and
Listeria monocytogenes have traditionally been mentioned as the leading causes of
bacterial infections in young febrile infants. This is true for GBS and E. coli. Recent
studies have shown that these 2 bacteria account for approximately 60—80% of
bacterial infections during the 2 first months of life.®: %7778 The prevalence of E.
coli has increased in the last decades and has become the predominant pathogen
according to many studies.®>” This shift might reflect the increase in the prevalence
of UTIs, as previously mentioned, which now accounts for approximately 90% of
all SBIs. The implementation of intrapartum antibiotic prophylaxis has been
implicated as a cause for the decrease in GBS incidence. However, most studies
have shown a decrease in early onset disease (e.g., <72 h), but not in late-onset.”™
80-82 Staphylococcus aureus is an increasing cause of infections, and other
pathogens, such as Klebsiella spp., Enterococcus spp., Enterobacter spp.,
Salmonella spp., and Group A Streptococcus are also detected in febrile infants with
bacterial infections. Listeria monocytogenes, once considered a common pathogen
in neonates, is only rarely reported, a significant decrease which might reflect
improved food safety standards.” 6" 7" 7% 778384 Qimilarly, Haemophilus influenzae,
Streptococcus pneumoniae, and Neisseria meningitidis have also become very rare,
likely due to herd immunity induced by widespread vaccination.®**’
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Variation of the reported prevalence

The reported prevalence of SBIs varies almost 5-fold. This variation likely reflects
the differences in the methodology and heterogeneity of the studies. One significant
difference is that European studies reported prevalence in infants with fever without
a source (FWS). In contrast, US studies included infants with fever in general, such
as febrile infants with signs or symptoms of respiratory infections predominantly of
viral origin. Numerous studies have investigated the prevalence of SBIs in febrile
infants with positive viral test results. They reported an overall SBI prevalence
ranging from 2.3% to 7.0% among infants who tested positive for respiratory
syncytial virus (RSV), influenza, or had clinical signs of bronchiolitis. Infants who
tested negative had a 2- to 7-fold higher prevalence.** %% Among febrile infants
with clinical signs of respiratory viral infection or a positive viral test, more than
90% of the SBIs were UTIs. McDaniel et al., in a recent meta-analysis, showed that
in infants with suspected bronchiolitis, the overall reported UTI prevalence of 3.1%
(95% CI, 1.8-4.6) would drop to 0.8% (95% CI, 0.3-1.4) if a positive urinalysis
result, defined as the presence of pyuria or nitrates, was added as a prerequisite in
the definition of UTL* It is essential to highlight that none of the studies mentioned
above reported any case of meningitis in infants with respiratory symptoms or with
a positive test for RSV or influenza. Thus, it could be safely speculated that in the
US, the prevalence of SBIs, particularly meningitis, among febrile infants with FWS
is likely much higher than the reported prevalence in febrile infants in general.

Other methodological differences may have contributed to the wide variation in the
reported prevalence data. Most studies included febrile infants seen in the
emergency department, while others included only hospitalized infants.”” °! In
addition, a few studies included febrile infants only if blood cultures were
performed” > % or procalcitonin was measured.® Other studies excluded critically
ill infants.” The prevalence of SBI is likely higher in hospitalized infants or those
who underwent investigations than in those discharged home or those whom the
treating physician chose not to perform investigations.

However, the reported variation in the prevalence of SBIs might reflect real
differences between countries or even between different settings within countries,
and not only methodological heterogeneity. Yaeger et al., in a study performed in
an urban setting in the US, reported a 3-fold higher SBI prevalence among infants
from neighborhoods with high rates of childhood poverty.’* Similarly, a study from
New Zealand reported a higher incidence of severe infectious diseases in children
from the most socioeconomically deprived quintile.” In line with socioeconomic
status, low maternal education and maternal smoking during pregnancy and after
birth are also associated with a higher incidence of bacterial infections.”*®’
Additionally, the mode of delivery has been shown to have a strong association with
infections in infants, with higher rates in children born with cesarean section than
those with vaginal delivery.”® ** Furthermore, low birth weight for gestational age
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(SGA) is also associated with a higher incidence of infections.”* '® Finally,
breastfeeding is one more factor associated with a lower risk of infections in
infants.'"!

Most prevalence studies have been conducted in the US and Spain. Of the high
income countries, the US and Spain are among the ones with the higher rates of
childhood poverty,'** % Jower rates of maternal employment and high education,'®*
higher rates of maternal smoking during pregnancy,'® higher rates of cesarean
sections,''"7 higher rates of newborns with low birth weight,'** % and lower rates
of breastfeeding.''® On the contrary, according to the Organisation for Economic
Co-operation and Development (OECD) metrics, Sweden is among the countries
with the most favorable rates of all the previously mentioned factors associated with
a lower incidence of infection in infants.

Sex-specific prevalence data

Studies on febrile infants have reported differences in the incidence of bacterial
infections between the sexes. Almost 40 years ago, Dagan et al., in the paper
presenting the Rochester criteria, mentioned that ‘‘being a male is associated with
bacterial infections’’.** Milcent et al.”’ and Schwartz et al.”” mentioned a higher
prevalence of SBIs among boys, while Gomez et al.** mentioned that the prevalence
of bacteremia was higher in boys. However, detailed sex-specific prevalence data
were not presented in either of these studies. Thus, these reports can be attributed to
the significantly higher prevalence of UTI in boys during the first 2 months of life.”!
Videholm et al., in a population-based cohort study, reported a higher incidence of
sepsis and bacterial meningitis in boys than in girls in early childhood.”* Similar sex
differences in the incidence and severity of bacterial infections have also been
reported in other studies.'''"!'* Despite the indications of different risk profiles
between boys and girls, detailed sex-specific prevalence data for febrile infants have
not been presented in any of the prevalence studies.

Importance of prevalence data

When managing febrile infants, accurate disease prevalence data, particularly for
meningitis, are essential for estimating risks, choosing investigations, interpreting
test results, selecting optimal antibiotic treatment, and undertaking risk-appropriate
decisions on whether to discharge home or hospitalize. In addition, knowledge of
the national and local prevalence data is vital for developing management guidelines
to enhance patient safety and optimize resource utilization. Furthermore, age- and
sex-specific prevalence data might allow for more patient-centered and
individualized risk assessments. However, extrapolating SBI and IBI prevalence
data from heterogeneous studies and settings with different characteristics could
result in significant underestimation or overestimation of risks.
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Thus, there is a need for prevalence studies in diverse settings and across several
countries. Sweden has different population characteristics compared to the countries
where most studies have been conducted. This leads to the first aim of this thesis,
which is to investigate the age- and sex-specific prevalence of SBIs in infants <60
days old with FWS who presented at the Pediatric Emergency Department in four
urban areas in Sweden.

Management of febrile infants

Identifying febrile infants with IBI or SBI is of paramount importance for initiating
appropriate antibiotic treatment. However, identification is challenging. Meningitis,
bacteremia, and UTI often present only with fever, and disease-specific signs are
usually lacking, particularly at the beginning of the illness course. This is even more
prominent in young infants, where typical meningeal signs such as nuchal rigidity,
headache, photophobia, or UTI symptoms such as sychnuria and dysuria are absent
or cannot be recognized. Therefore, in febrile infants, clinical evaluation is based
more on non-specific clinical features such as the quality of the cry, skin color,
alertness, and symptoms such as lethargy, irritability, and refusal to feed. Risk
assessment becomes even more difficult because most febrile infants are brought to
the emergency department soon after the parents have identified the fever. In this
case, even non-specific symptoms have not yet been developed.”® Consequently,
physicians’ clinical assessment of febrile infants has shown to be of low sensitivity
in identifying infants with IBI. In a study by Nigrovic et al., almost 50% of infants
with bacterial meningitis were evaluated as having a lower than 5% risk of
meningitis.''® Private office practitioners, in a study by Pantell et al., missed 2 IBI
cases out of 63 when they relied on their clinical judgment.’ Clinical scores also
have limitations. In the study by Nigrovic et al., only 10 of the 24 infants with
bacterial meningitis had a high Yale Observation Scale score.'!

Because of these challenges in identifying infants with IBI, several management
strategies have been employed. During the 70s-80s, the commonly accepted practice
for all febrile infants younger than 3 months of age consisted of urinalysis, blood
tests, urine, blood, and cerebrospinal fluid (CSF) cultures. This set of investigations
is usually referred to as ‘‘sepsis evaluation’’. In addition, all infants were
hospitalized and treated with parenteral broad-spectrum antibiotics.''® DeAngelis et
al., in a landmark paper published in 1983, highlighted the possible complications
of hospitalization on infants and the economic burden on the families.”> This
prompted the first attempts to develop management strategies to identify infants at
low risk that could be managed without antibiotics and hospitalization.
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Management guidelines

The first strategy to identify infants at low risk was published in 1985 by Dagan et
al.> They developed a set of low-risk criteria based on physical findings, peripheral
white blood cell (WBC) count, and urinalysis by retrospectively analyzing a cohort
of hospitalized febrile infants aged <3 months during 1982-1984 (Table 6). They
suggested that it could be safe to hospitalize and observe without antibiotics febrile
infants who met all the low-risk criteria. This set of criteria did not include lumbar
puncture, which was quite radical at that time. These low-risk criteria were tested in
a prospective study of 237 febrile infants aged <60 days in 1985-1986. The
conclusion was that “managing fever in selected infants younger than 2 months as
outpatients is feasible, although not simple” and that adequate follow-up should be
ensued.''” This set of criteria, known as the Rochester criteria, was studied again a
few years later.''® It was once more concluded that low-risk febrile infants <60 days
could be managed as outpatients with the condition of an adequate safety net.
Furthermore, modifications to expand the low-risk criteria should be considered.

A new set of low-risk criteria for febrile infants 28-90 days old was tested
prospectively in Boston during 1987-1990.'° The Boston criteria consisted of WBC
count, urinalysis, and cerebrospinal fluid (CSF) testing (Table 6). Routine
management included ‘‘sepsis evaluation’ for all infants. The researchers
concluded that “after a full evaluation for sepsis, outpatient treatment of febrile
infants with intramuscular administration of ceftriaxone pending culture results and
adherence to a strict follow-up protocol is a successful alternative to hospital
admission.”'® According to the Boston criteria, febrile infants aged <28 days should
be considered high risk, hospitalized, and treated with antibiotics.

Another set of criteria, the Philadelphia criteria, was published in 1993. These
criteria were similar to the Boston criteria, only with different thresholds (Table 6).'
They were based on a prospective study of febrile infants 29-56 days old from 1987
through 1992. The researchers concluded that “it is possible to identify a group of
febrile infants older than 28 days of age who are at low risk for serious bacterial
illness and who can be safely and effectively cared for at home without
antibiotics”."” As in the Boston criteria, the standard management included “‘sepsis
evaluation’’ for all infants, and infants <28 days were considered high-risk. A
prospective study was performed to validate the efficacy of the Philadelphia criteria
from 1994 to 1996."" It was concluded that outpatient management of low-risk
febrile infants without antibiotics is reliable and safe.

Several studies have assessed the accuracy of the Rochester, Boston, and
Philadelphia criteria. Most recently, Lyons et al. modified the Boston and
Philadelphia criteria and performed a secondary analysis in a cohort of 10 928
infants 29-60 days of age evaluated for meningitis in 23 EDs in the US and
Canada.*® They reported that the modified Philadelphia and Boston criteria
misclassified as low risk 23-32% of infants with bacterial meningitis. Similarly,
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Aronson et al. modified the Philadelphia criteria by excluding routine CSF testing.
They performed a secondary analysis in a cohort of febrile infants <60 days with
IBI seen in 11 PEDs in the US.'? They reported that the modified Philadelphia
criteria without routine CSF testing had high sensitivity for IBI and could be used
for infants >28 days. However, they recommended caution and further studies on
infants aged <28 days.

It took almost 20 years for a new management approach to be suggested. Mintegi et
al., published a risk stratification protocol based on urinalysis, absolute neutrophil
count (ANC), C-reactive protein (CRP), and procalcitonin (PCT) in 2014.%” Low-
risk infants could be discharged without antibiotics (Table 6). The major difference
from the Boston and Philadelphia criteria was that the age cutoff point to be
considered high-risk was lowered to 21 days. Additionally, CSF analysis was not
necessary for the stratification of infants aged >21 days. These low-risk criteria,
known as the ‘‘step by step’’ approach, were retrospectively derived from a cohort
of infants <90 days old with FWS seen in 5 Spanish and 2 Italian PEDs from 2008
to 2010. Gomez et al., retrospectively validated this new approach in a cohort of
febrile infants seen in 11 European PEDs."?! A similar validation was performed in
a Spanish PED.'? Both validation studies concluded that evaluating well-appearing
febrile infants aged >21 days without routine lumbar puncture (LP) and discharge
home without antibiotics the low-risk infants is appropriate.

In 2019, Kuppermann et al. from the PECARN febrile infants working group
published a set of low-risk criteria based on urinalysis, ANC, and PCT.” This set,
known as the PECARN rule, was retrospectively developed from a cohort of 1896
febrile infants <60 days old who were recruited in a prospective multicenter study
to evaluate RNA microarray analysis for detecting bacterial infections.'® All
previous prediction models used pre-existing test cutoff points based solely on
expert opinion or established praxis. The PECARN researchers statistically derived
the new set of low-risk criteria (Table 6). However, the authors recommended
further validation before implementing the new rule. Furthermore, they suggested
caution in managing infants aged <28 days without routine LP due to the high risk
of bacterial meningitis and herpes encephalitis. Velasco et al., validated the
PECARN rule in a cohort of 1247 febrile children seen in a Spanish PED between
2007 and 2018.® They reported that the rule performed less well than in the original
study since it stratified 5 infants with IBI as low-risk with 2 cases of bacterial
meningitis among them.

The Boston and Philadelphia criteria have been the most influential and have shaped
the management of febrile infants in most parts of the world over the last 3 decades.
The United Kingdom’s National Institute for Health and Care Excellence (NICE)
recommends routine ‘‘sepsis evaluation’’ for all febrile infants <3 months of age.
For febrile infants younger than one month additionally recommends LP,
hospitalization, and treatment with parenteral antibiotics.'* Similar management is
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recommended at the major university children’s hospitals in Australia and

Canada.

124, 125

Table 6. Most common management guidelines for young febrile infants.

Rochester Boston Philadelphia Step by Step PECARN'
Study Period  1982-1984 1987-1990 1987-1992 2008-2010 2011-2013
Design Retrospective Prospective Prospective Retrospective Retrospective
Cohort size 233 553 747 1123 1821
Age (days) <90 28-89 29-56 0-90 <60 days
Fever (°C) 238.0 238.0 238.2 238.0 238.0
History Term, No prior Not defined Not defined Term,
Previously healthy, antibiotics or Previously healthy,
No prior antibiotics immunization No prior antibiotics
Physical Well-appearing, Well-appearing, Well- No focal Well-appearing,
Examination  No focal signs No focal signs appearing, signs No soft-tissue
No focal signs infection
Laboratory WBC2 >5000 & WBC?2 <20000 WBC?2<15000 ANC <10000 Urine dipstick
Low-Risk <15000 UA <10 WBC/hpf ~ UA <10 Urine dipstick  without leucocyte
Criteria ABC <1500 CSF <10 WBC? WBC/hpf without esterase or nitrite
UA <10 WBC/hpf Normal CXR if Negative urine  leukocyturia UA <5 WBC/hpf
Stool <5 WBC/hpf respiratory microscopy PCT <0.5 ANC <4090
(if diarrhea/bloody symptoms CSF <8 WBC?  CRP <20 PCT <1.71
stools) Negative CSF
Normal CXR Gram stain
(if respiratory Stool with
symptoms) minimal WBC
and no blood if
diarrhea
Normal CXR if
respiratory
symptoms
High Risk lll-appearing, All <28 days, All <28 days, All <21 days, lll-appearing,
Abnormal lll-appearing, lll-appearing, lll-appearing, Abnormal
laboratory results Abnormal Abnormal Abnormal laboratory results
laboratory results laboratory laboratory
results results
Management No antibiotics, Intramuscular No antibiotics, No antibiotics, No specific
for Inpatient Ceftriaxone Inpatient Inpatient recommendation,
Low-risk observation or Outpatient if observation or  observation or  Cautiousness for
discharge home if adequate follow discharge discharge <28 days
adequate follow up up, home if home if
Sepsis evaluation  adequate adequate
follow up follow up

"Not endorsed at the time; 2WBC, white blood cells per mm?; ABC, absolute band count per mm?; UA, urinalysis; hpf,
high power field; CXR, chest X-ray; CSF, cerebrospinal fluid; ANC, absolute neutrophil count per mm?; PCT,
procalcitonin, ng/ml; CRP, C reactive protein, mg/ml; sepsis evaluation, blood, urine, and CSF culture

The variation of recommendations for managing febrile infants recently led the AAP
to perform an extensive review of the literature and develop a recommendation for
evaluating and managing well-appearing infants aged 8 to 60 days old.?® One key
statement is that the 21 days age threshold could be considered to stratify well-
appearing febrile infants as high-risk. Another statement is that newer inflammatory
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markers, such as CRP and PCT, should be incorporated into management. However,
the authors underscored that these recommendations ‘‘do not indicate an exclusive
course of treatment or serve as a standard of medical care.” Local circumstances,
individual differences, and parental preferences should be considered. This
statement reflects a lack of consensus and ongoing debate regarding the
management of febrile infants.

The debate about the management

In 1993 Baker et al. opened the paper presenting the Philadelphia criteria by stating:
‘“What the management of fever should be in an infant less than two months of age
has been strongly debated in the pediatric literature’’."® Since then, modifications of
the Rochester, Boston, and Philadelphia criteria or new prediction rules have been
suggested every few years. These suggestions were initially met with criticism to
later become common ground and eventually be adopted by health associations.
Thus, 30 years after the Philadelphia criteria were published, the debate is not only
on but also involves more aspects and is more geographically spread.

Differences in prevalence

First, it is questioned whether management strategies can have universal
applicability. All protocols were developed in the US, except the ‘‘step by step”’
approach. The derivation and the validation studies were performed in university
pediatric hospitals in large urban centers, hence they were based on local
epidemiological data. However, as described in previous chapters, the prevalence of
SBI and IBI might differ significantly between countries, and even between
different settings within countries. Furthermore, the Boston and Philadelphia
criteria, which constitute the basis for managing febrile infants, were developed
almost 30 years ago. Since then, the epidemiology of bacterial infections has
changed, with an increase in the proportion of UTIs and E. coli becoming the
predominant causative organism.®' %

Small cohorts and lack of external validation

The second aspect of the debate is the accuracy of protocols derived from relatively
small patient cohorts. The Rochester, Boston, and Philadelphia criteria were derived
from single-center studies that included 233-747 febrile infants. Even the
subsequent validation studies were mostly single-center, and none included more
than 1053 infants. The “‘step by step’” approach was retrospectively derived from a
study performed in 7 PEDs which included 1123 febrile infants. Two years later it
was validated in a study that included 4 additional PEDs in a cohort of 2185 infants.
External validation is essential before implementing prediction models in clinical
practice because prediction models tend to perform better on the data on which the
model was constructed than on new data.'** '?” However, most of these prediction
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models have not been externally validated in diverse settings and in several
countries.

New biomarkers

The third aspect of the debate is the utility of WBC count in identifying an IBI in
infants and the emergence of new biomarkers. The WBC cutoffs used in the
Rochester, Boston, and Philadelphia criteria were based on preexisting values and
were not statistically derived. Furthermore, numerous studies have shown that the
WBC count has a low sensitivity and a low positive predictive value to rule in or
rule out an IBL.'?*'® Thus, the new AAP practice guideline does not recommend
using WBC for risk stratification.”® The absolute neutrophil count (ANC) has been
shown to have better characteristics and has replaced the WBC count in the recent
prediction models (i.e., “‘step by step’” and PECARN rule).”?’

C-reactive protein (CRP) is an acute-phase protein produced in the liver in response
to inflammation, which rises in the blood within 6 hours and peaks within 24-48
hours."*® It has been shown to have better sensitivity and specificity than WBC and
ANC in identifying an IB1.”" *'"'** However, Gomez et al. in a study evaluating the
performance of CRP concluded that they could not identify any reliable cutoff value
to rule out an IBI in febrile infants <21 days."** Several studies reported similar
conclusions that CRP could not serve as a stand-alone test to identify or exclude
IBIS.()I’ 132,135

Procalcitonin (PCT) is a relatively new biomarker that is becoming available in
more hospitals. It is the precursor of the hormone calcitonin and is released into
circulation due to systemic infection.'* Its levels start to rise 4 hours after the onset
of inflammation and peak between 12-24 hours. It is shown to have better sensitivity
and specificity, in identifying IBIs, than CRP, WBC count, and ANC.?!- 133 134 137.
138 Thus, it has become central in all newer prediction models (i.e., *‘step by step’’
and PECARN). Although PCT is probably the best biomarker, its sensitivity and
specificity are far from sufficient to be used alone for the identification of febrile
infants with IBI, according to the above studies.

RNA biosignatures is a novel diagnostic tool that has shown promising results for
discriminating bacterial from viral infections. Microarray analyses of blood
leucocytes can identify specific host responses induced by microbial pathogens.
This host responses, called “RNA biosignatures,” have the potential to translate into
a simple bedside diagnostic test. However, further studies with larger cohorts are
needed to validate the test accuracy and assess the utility of RNA biosignatures in
clinical practice.'?* 13- 140

The utility of Lumbar Puncture

The fourth aspect of the debate is the age threshold for routinely performing LP in
well-appearing febrile infants, or even whether LP should be routinely performed.
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Bacterial meningitis is a devastating disease with significant mortality, morbidity,
and short- and long-term sequelae.'® ' %% '*! Therefore, early identification and
treatment are of utmost importance.

The main argument in favor of routine LP is the perception that young febrile
infants, especially early in the trajectory of the illness, can appear well despite
having bacterial meningitis. Martinez et al. demonstrated that out of 11 febrile
infants <90 days with meningitis, 6 were evaluated as well appearing during the
initial encounter, and all were younger than 21 days.'* Therefore, routine LP is
recommended for all febrile infants <21 days, even when they appear well.
However, several studies have shown that in most meningitis cases, lethargy,
seizures, irritability, coma, bulging fontanel, respiratory distress, signs of shock or
circulatory failure often are present at the presentation or develop within several
hours after the onset of the fever.'" % Thus, the likelihood of meningitis in
infants with no alarming symptoms is probably very low. Clinical observation can
identify alarming signs or symptoms in infants who present too early in the
trajectory of the illness.

Furthermore, the utility of routine LP is questionable because of the reported low
sensitivity and specificity of routine CSF testing. A study by Ouchenir et al. showed
that 5% of infants with proven bacterial meningitis had no pleocytosis at admission,
and an additional 6% had CSF WBC count within the normal references.'*' Lyons
et al. reported that despite routine CSF testing, the modified Philadelphia criteria
misclassified 23% of the infants with meningitis and the modified Boston criteria
misclassified 32%.*° A recent systematic review also concluded that the absence of
pleocytosis does not reliably exclude bacterial meningitis, particularly in cases with
short fever duration.'*® Furthermore, Scarfone et al. demonstrated that among febrile
infants 29-60 days who underwent an LP, only 3.4% had a positive CSF culture, but
in none of them the bacteria identified were considered as true pathogens.'*’
Similarly, Greenhow et al. demonstrated that of 1796 CSF cultures, 73 (4%) were
positive, but 57 of 73 (78%) were considered contaminants.” Leazer et al. also
reported an 87% CSF contamination rate.'*® Thus, routine CSF testing has low
specificity and, if performed very early in the course of the disease, low sensitivity
as well.

Another argument for routinely performing LP is the perceived considerable risk of
Herpes Simplex Virus (HSV) infection. Kuppermann et al., recommended
cautiousness with applying any protocol without routine LP in febrile infants
younger than 28 days due to the risk of HSV meningitis or encephalitis.” The
incidence of neonatal herpes is estimated to be around 9 per 100 000 live births in
Europe and 19.9 per 100 000 in North America.'*” However, several studies have
demonstrated that around 30% of HSV cases are identified in premature neonates.
In addition, most infants have skin lesions or symptoms such as seizures, lethargy,
apnea, irritability, poor feeding, temperature instability, or maternal history of HSV
infection or fever."**!>3 Thus, the prevalence of HSV infection among term, well-
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appearing infants without risk factors is likely very low. Furthermore, studies have
shown that approximately 20-40% of neonates with confirmed HSV central nervous
system infection had no CSF pleocytosis at the initial investigation, and around 30%
had negative CSF PCR results.'>" '** 3* Hence, routine CSF testing has also been
shown to have low sensitivity in identifying an HSV infection.

In conclusion, the prevalence of bacterial and HSV meningitis is likely extremely
low in term, well-appearing infants without risk factors. In addition, CSF testing
may have low sensitivity and specificity, especially in the early stages of the illness.
Thus, in patients with low pre-test probabilities, such as well-appearing infants who
present very early, routine CSF testing may have low positive and negative
predictive values and may result in high rates of ‘‘false positives’” and ‘‘false
negatives.

The notion that clinical appearance is not reliable

The fifth aspect of the debate is whether physicians can rely on their clinical
judgment when evaluating young febrile infants. It has been shown that the Yale
Observational Score is not accurate for febrile infants <60 days.''> ' In another
study by Martinez et al., 18 febrile infants <21 days who were evaluated as well-
appearing were subsequently diagnosed with an IBL.'** However, studies performed
in office settings in the US showed uniformly reassuring outcomes without an
alarming rate of missed IBIs, although pediatricians relied more on their clinical
judgment and performed fewer investigations.” %% %7

Altered healthcare-seeking behavior

The sixth aspect of the debate is the utility of management guidelines after an
observed change in parents’ healthcare-seeking behavior. Pediatric healthcare visits
due to fever have been steadily increasing in the recent decades both in Europe and
in the US,'” ¥ despite the fact that the pediatric population has not increased.'>* '®°
It has been reported that parents increasingly believe that fever is a disease that can
cause harmful effects, such as brain damage and death, rather than just a sign of
illness. The term ‘‘fever phobia’’ has been introduced to describe such exaggerated
concerns about the consequences of childhood fever.'®" %2 The combination of
““fever phobia’’ and the perceived high risk of serious bacterial infections may have
resulted in febrile infants being brought to the PED earlier than before. The
PECARN study from the US reported a fever duration of less than 12 hours for 63%
of the infants seen at the PED.” Studies from Spain reported that for almost 80% of
the infants, the duration was less than 12 hours, and for 50-70% fewer than 6 hours.*
27.134 There are concerns that early presentation may hamper the ability of physicians
to spot febrile infants with an IBI, since alarming symptoms and signs may not have
developed. It also undermines the sensitivity of biomarkers, such as CRP and PCT,
which start to rise after 4-12 hours.
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The measured outcome of ‘‘failure’

The seventh aspect of the debate is whether a missed SBI or IBI should a priori be
considered an adverse outcome. All prediction rules and validation studies have
reported as ‘‘failure’’ the proportion of SBIs or IBIs that were not identified at the
index visit. However, it is questionable whether a delay of a few hours in the
identification of disease should always equal ‘‘harm.”

For many years, UTI has been classified alongside bacteremia and meningitis as an
SBI. Physicians commonly believe that early treatment prevents sepsis, renal
scarring, and chronic kidney disease. However, studies have shown that UTI is
seldom the cause of sepsis in infants without urinary tract abnormalities.'®* '
Furthermore, data on whether early treatment prevents renal scarring are conflicting.
Some studies have shown that delayed treatment of more than 72 hours from the
debut of the fever increases the risk of renal scarring,*" '®® while other studies have
shown that early treatment does not decrease the risk of renal scarring
development.* ' Additionally, there is no convincing evidence that renal scarring

causes long-term consequences, such as chronic kidney disease and hypertension.**
167, 168

Similarly, bacteremia is classified alongside meningitis as an IBI. Bacteremia has
long been feared to lead to sepsis or meningitis with potentially dire short- and long-
term consequences. This belief probably originates from the pre-vaccine era, when
Neisseria meningitidis, Haemophilus influenzae, and Streptococcus pneumoniae
were common causes of occult bacteremia.'® '’ These three bacteria are
specifically associated with the progression of bacteremia to meningitis.”* The
widespread vaccination programs have substantially decreased their prevalence
among the general pediatric population and subsequently among young infants
through herd immunity. As a result, as discussed in the previous chapter, Neisseria
meningitidis, Haemophilus influenzae, and Streptococcus pneumoniae are currently
extremely rare causes of bacteremia in febrile infants aged <60 days. Thus, the
notion that occult bacteremia can cause significant morbidity and mortality in well-
appearing febrile infants currently lacks reliable evidence. This is supported by
studies among well-appearing febrile children who were sent home from the PED
without antibiotics and were found to have bacteremia. Most children were afebrile
at the return visit to the PED, and none experienced any adverse outcomes.*® !
Similar results were demonstrated in studies on febrile infants. There were no deaths
or severe morbidity among well-appearing febrile infants with isolated bacteremia
who were discharged home without antibiotics.** '2!+ %> "2 Fyrthermore,
concomitant bacteremia in cases of UTI is not associated with a worse prognosis or
outcome 4748 173,174

Moreover, Vaillancourt et al., quite surprisingly, found similar health outcomes
among children aged 30 days to 5 years with bacterial meningitis who were admitted
at the initial visit and those admitted at a repeat visit.'”® Similarly, McIntyre et al.
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found that delayed hospital admission did not predict the combined variable of death
or severe neurological sequelae in children aged 0-14 years with bacterial
meningitis.'’® Other studies, also failed to find a significant association between
death or neurologic abnormalities and the duration of illness before
hospitalization.!””'7®

Thus, for well-appearing febrile infants who present to the PED with only a few
hours of fever, there is scarce evidence in the current literature that delayed
identification of UTI, isolated bacteremia, or even meningitis necessarily equals
“‘harm.”

b

Side effects of ‘‘sepsis evaluation’

Finally, the number of febrile infant admissions and the length of stay have
increased in recent decades. An increase despite the decrease in the prevalence of
meningitis and advances with better and faster diagnostics tools.'””'®" Quite
interestingly, DeAngelis et al., already in 1983, reported the iatrogenic
complications and financial costs of hospitalizing febrile infants.”> All studies that
derived or validated management guidelines focused solely on the number of
““missed’” SBIs or IBIs. However, there is growing evidence that hospitalization is
not always the ‘‘safer’” option. A study performed in 6 academic pediatric hospitals
identified 40 harmful events per 100 admitted patients.'® Other studies have
reported complications related to intravenous catheters, medication overdoses,
anaphylactic reactions, and medical procedures such as LP. 6 180 18318 Apother
issue is the risk of hospital-acquired infections, which are reported to range from
1% in general pediatric wards to 24% in pediatric intensive care units.'®> 1% As a
result, although less than 1% of hospitalized well-appearing febrile infants may have
an IBI, considerably more are exposed to the risk of acquiring an infection and up
to 40% to a “‘harm’’ from an adverse event. Furthermore, hospitalizations can be a
significant economic burden for the health system and the family."®”'® In addition
to the financial burden, parents face difficulties taking caring of the rest of the
family."" 2 Also, parents of hospitalized infants experience significant stress
concerning their child’s health, and hospitalization at an early age is associated with
the development of the vulnerable baby syndrome.'** 14

Another issue that is often overlooked is the side effects of the routine
administration of parenteral broad-spectrum antibiotics. There are indications that
antibiotic exposure in early infancy is associated with an increased risk of chronic
diseases later in life, such as inflammatory bowel disease,'® diabetes,'”® obesity,'*’
juvenile idiopathic arthritis,'”® asthma, and allergies.'” * A recent systematic
review described an association between antibiotic exposure and adverse long-term
health outcomes in children.’®! Furthermore, antibiotic resistance is one of the
greatest threats to global health, food security, and development, which also results
in prolonged hospital stays, higher medical costs, and increased mortality.?*
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In addition, routine testing or overtesting has considerable disadvantages. Urine
testing with bladder catheterization or suprapubic aspiration is painful, invasive, and
stressful for infants and their families and is a potential cause of infection.?*-%°
Newman et al. concluded that aggressive urine testing might be more harmful than
helpful.** Lumbar puncture is painful for the infants, stressful for the parents, time-
and resource-consuming for the already overwhelmed PEDs, and if traumatic or
unsuccessful, increases the hospitalization rates and the length of stay.'”*?% Blood
cultures are very often contaminated, with most studies on febrile infants reporting
contamination rates of approximately 80%.*4%61:207-208 §imj]ar high contamination
rates have been reported for CSF and urine cultures, as mentioned in previous
chapters. ‘‘False-positive’” cultures can potentially lead to repeated testing,
unnecessary or prolonged antibiotic courses, and increased and prolonged
hospitalization.

In conclusion, the management guidelines for febrile infants with routine testing,
antibiotic treatment, and hospitalization have substantial consequences that are
currently overlooked. The effects and consequences of overdiagnosis, medical
overuse, and medical interventions have recently begun to attract more attention in
pediatrics as well. 22!

Management variation

The debate regarding the management guidelines is reflected in the substantial
variation in the management of febrile infants. Aronson et al., in a study from 37
US hospitals, reported that the proportion of febrile infants <28 days who underwent
the recommended investigation with urine, blood, and CSF testing was 72% (Table
7).% Variation was observed between the 37 hospitals, with an interquartile rate of
66.2 to 76.5 for infants <28 days and 38.5 to 58.8 for those 29-56 days old. Also,
almost 20% of the infants aged <28 days were not hospitalized, and 25% were not
treated with antibiotics. Other studies from the US have also reported significant
variation with 62-93% rates of LP, 76-82% of antibiotic treatment, and 78-98% of
hospitalization for the first month of age. The variation was even greater during the
second month of life (Table 7)."" 18- 212 213 Qimjilar variations have also been
reported in other countries. Goldman et al. in a study on febrile infants <90 days in
6 Canadian PEDs, reported rates of LP 24-62%, antibiotic treatments 48—76%, and
hospitalization 58—79%.*'* Gomez et al. reported that of the febrile infants <21 days
seen in a Spanish PED during 2007-2018, 73% underwent an LP and 83% were
hospitalized.'**

An exciting finding from studies on management variation in the US is that febrile
infants seen in private pediatric offices were significantly less likely to undergo
laboratory tests, receive antibiotic treatment, and be hospitalized. Pantell et al.,
performed a study in the offices of 573 practitioners within the Pediatric Research
in Office Settings (PROS) network during 1995-1998. They reported that only 46%
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of the infants younger than one month underwent complete ‘‘sepsis evaluation,”
were hospitalized, and treated with antibiotics.” Another analysis of the same cohort
showed that only 68% of the infants 0-30 days old underwent urinalysis.'*
Greenhow et al., analyzed electronic records of febrile infants seen in clinician’s
offices or PEDs in Northern California between 2010 and 2013. They found that
infants seen in an ED were 5 times more likely to be cultured than infants seen in
an office setting."”’

Table 7. Reported variation in Management of febrile infants <60 days

1% month 2" month
(%) (%)

Author/ Study LP BC UC AB Hos LP  BC uc AB Hos
Pub Year Country  Period
Bonilla 2019 Spain 2003-2017 62 98 88 - - 20 98 83 - -
Rogers 2019 USA 2008-2013 75 82 81 82 84 - - - - -
Jain 2014 USA 2010 63 75 73 - - 26 68 65 - -
Greenhow 2016  USA 2010-2013 75 80 81 76 78 53 80 84 51 44
Aronson 2014 USA 2011-2013 75 80 79 - 80 50 81 82 44
Aronson 2015 USA 2013 93 - 99 - 98 69 - 99 - 64

LP, lumbar puncture; BC, blood culture; UC, urine culture; AB, antibiotics; Hos, hospitalization

Outcomes

Unexpectedly, no significant association with increased morbidity or mortality was
found in febrile infants who underwent fewer investigations or were sent home
without antibiotic treatment. In the PROS study by Pantell et al., only 2 infants with
bacterial meningitis or bacteremia were not immediately recognized at the index
visit.” The researchers concluded that ‘‘practitioners relying on their clinical
management were at least as sensitive in treating bacteremia and bacterial
meningitis’’ as the current guidelines. Similarly, there were no cases of delayed
recognized IBI among febrile infants discharged home in the study by Greenhow et
al."”” No cases of meningitis were identified among febrile infants <60 days who
were sent home without an LP in a study performed in 26 pediatric hospitals in the
US.?"* Similar results were reported by Jain et al. in a study of 36 pediatric hospitals
in the US.*'> None of the 369 febrile neonates who were sent home were
subsequently diagnosed with meningitis, and only one was diagnosed with
bacteremia. The secondary analysis of the PROS cohort showed that despite no
urine test was performed in one-third of the febrile infants, only 2 out of 807 (0.2%)
were subsequently diagnosed with UTI without any catastrophic consequence
though.'*® Furthermore, Aronson et al. reported that 3-day revisits and revisits that
resulted in hospitalization did not correlate with the admission rate at the index visit.
In addition, 3-day revisits were as low in hospitals without and with clinical practice
guidelines.®” ' Finally, a Dutch study evaluated adherence to the national
guidelines for managing febrile infants <90 days.?'> It reported that half of the
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included infants did not receive the recommended investigations or treatment.
Among them was only one infant with meningitis, who did receive antibiotics at
presentation.

Lyons et al. studied the performance of the modified Philadelphia and Boston
criteria (both included routine CSF testing) among well-appearing febrile infants
29-60 days seen in 23 PEDs in the US.* They reported that 23% and 32% of infants
with bacterial meningitis were misclassified as low-risk, despite routine CSF
testing. Aronson et al., in another study on febrile infants <60 days, evaluated the
Philadelphia (modified as not to include CSF testing) and the Rochester (no CSF
testing) criteria.'”® They reported that no infant with bacterial meningitis was
misclassified as low-risk by the modified Philadelphia and 12% by the Rochester
criteria. The initial ‘‘step-by-step derivation study by Mintegi et al.”’ and the
validation by Gomez et al.'?! reported that 2% and 8% of infants with IBI,
respectively, were misclassified as low-risk. Thus, the rates of misclassified
meningitis or IBI were not lower in studies where protocols with routine sepsis
evaluation’’, LP, and hospitalization were deployed than in studies where the
management was less extensive and more influenced by the clinician’s judgment.

To conclude, there are several guidelines for febrile infants aged <60 days, and there
is no consensus regarding the optimal approach. There is substantial variation in
management within hospitals, between hospitals, and between hospitals and private
offices. Despite this variation, no significant differences in outcomes have been
reported. However, most management guidelines and studies on variation and
outcomes originate in the US and Spain. At the same time, there are scarce
management and variation data from other countries, and none from Sweden.

Importance of studying variation in Sweden

Sweden has no national or regionally endorsed guidelines for managing young
febrile infants. Anecdotally, the usual management of febrile infants aged <60 days
includes urine dipstick, WBC count, and CRP. Urine, blood, and CFS cultures,
hospitalization, and antibiotic administration are reserved for ill-appearing infants
or infants with altered test results. It has been demonstrated that PEDs without
specific guidelines have lower rates of investigations with urine, blood, and CSF
cultures.'**2'® Gudjonsdottir et al. performed an epidemiological study to document
the incidence of late-onset infections in infants 3-120 days old in Sweden’s second-
largest city and 5 surrounding municipalities between 1997 and 2017.2"7 Quite
surprisingly, they identified only 102 CSF cultures during the 20-year study period.
In Sweden, the consumption of broad-spectrum antibiotics and the number of
hospital beds are among the lowest in OECD countries and considerably lower than
in the US and Spain.*'®?'° Thus, there are indications that the management of febrile
infants in Sweden is not based on the management recommended by most
international guidelines. However, there are no studies describing the management
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of febrile infants in Sweden, and no knowledge of the outcomes. Describing
management variations and identifying differences in outcomes could provide
opportunities for the improvement of current guidelines to enhance patient safety. It
could also assist in the development of guidelines that are better adjusted to national,
regional, or local characteristics. Furthermore, it can help optimize the utilization of
resources. As pointed out by Schroeder et al., a missing component of the dialogue
regarding patient safety is not only which investigations we can add or do more, but
also how we can safely do less. Often the best way to prevent harm might be to
avoid medical interventions.”?

Thus, there is a need to describe the management of febrile infants in Sweden and
study their outcomes. This leads to the second aim of this thesis, which is to describe
the clinical management and adverse outcomes of febrile infants <60 days old in 4
Swedish PEDs that do not have written formalized guidelines.

Defining Fever

Almost all guidelines for febrile infants use a temperature of >38.0°C to define
fever. Prevalence and management studies used this definition of fever as an
inclusion criterion. The definition of fever dates back to 1868 when Carl Wunderlich
published the results of temperature measurements of adult patients admitted to his
wards.?*! He reported that axillary temperature ranged from 36.25°C to 37.5°C and
the mean temperature was 37.0°C. He subsequently defined fever as a temperature
>38.0°C. The body temperature also varies among infants. It is lowest
(approximately 36.0°C) at night during sleep and highest (approximately 37.8°C) in
the afternoon. Activity and feeding, especially by the bottle, can raise body
temperature.”? It is unclear whether bundling elevates body temperature, but some
researchers have suggested that physicians caring for febrile neonates should inquire
about bundling.***** In addition, a study demonstrated that infants aged 0—2 months
might have a higher normal temperature.””> Furthermore, the measurement site
varies, with the axilla and rectum being the most common sites. Both sites are
considered reliable, but the axillary temperature is shown to be 0.25-0.5°C
lower than the rectal.**® Infrared thermometers have become more affordable and
commonly used in the last few years, but they have been shown to have poor
accuracy in infants.*?’ Consequently, this variability impedes a universal upper
normal temperature definition and fever should instead be defined as body
temperature elevation above the normal for the individual. However, for clinical and
research purposes, a definition of fever with a temperature of >38.0°C has been
accepted for infants without further specification for the site of measurement and
the type of thermometer.

34



According to all guidelines, infants with recorded temperature who fulfill the
definition of fever should be managed in the same way, irrespective of the height of
the fever. However, recent studies have shown an association between the height of
the fever and the risk of IBI in febrile infants aged <60 days. Pantell et al.
demonstrated that well-appearing infants older than 25 days with a fever >38.6°C
had a 3-fold higher IBI prevalence than those with a fever <38.6°C.° Also, Aronson
et al. reported that the odds ratio for having an IBI were 2.13 and 6.57 for infants
with a fever of 38.0-38.4°C and of >38.5°C versus infants with a temperature
<38.0°C.*?® Similar association between the height of the fever and the risk of IBI
has been reported in several more studies.??%% 23

As with the height of the fever, management guidelines do not differentiate whether
an infant has documented fever at the PED or only fever at home reported by the
parents. This is situation clinicians often encounter when parents seek medical help
due to a fever measured at home and the infant is afebrile at the PED. In
approximately 30% of visits, owing to fever, the infant is afebrile at the PED.'#* %!
According to all guidelines, infants afebrile at the PED should be managed as
febrile. The first to investigate whether there is any difference in the risk of SBI
between febrile and afebrile infants <28 days of age was Bonadio et al. in 1987.%*
None of the afebrile infants had an SBI versus 14.5% of the febrile infants. Despite
this, the authors recommended a complete investigation for afebrile infants. Another
study reported that of the afebrile infants <28 days, 8.3% had a UTI and none had
IBI versus 14.4% UTI and 3.5% bacteremia of the febrile.”* The authors concluded
that the risk in the afebrile group was so low that an approach with fewer
investigations may be appropriate. Mintegi et al. found similar rates of bacteremia
in afebrile and febrile infants <90 days but no case of meningitis in the afebrile
group. The authors concluded that the management should still be the same.***
Ramgopal et al., in a study on infants <28 days and another on infants <60 days,
observed a lower risk for the afebrile infants, but likely not low enough to alter
decision making.?*" %> Although most of the above studies did not recommend
different management, several studies have reported lower rates of investigations,
antibiotic treatments, and hospitalizations in afebrile infants.'> ** This led
researchers to hypothesize that the absence of fever at the PED may influence the
decision-making process and contribute to the reported variation in management

However, there were methodological differences between the studies. First, three
age inclusion criteria were used. Second, Mintegi et al. and Bilavsky et al. included
only infants with fever without source, while Ramgopal et al. and Bonadio et al.
included febrile infants in general. Third, the baseline prevalence of bacterial
infections was 3 times higher in the study by Mintegi et al. than in the 2 studies by
Ramgopal et al. Thus, the current data are from a few studies with small cohorts.
Therefore, they do not allow definite conclusions regarding whether afebrile infants
should be managed like febrile infants.
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Knowledge of accurate risk estimates is essential for the design of management
guidelines. It is also important to make clinical decisions when phasing the common
situation of an afebrile infant at the PED who presented due to fever measured at
home. However, extrapolating prevalence data from Spain and the US to countries
or settings with different characteristics could lead to over-or underestimation of
disease risk.

Thus, more studies are needed to investigate the prevalence of bacterial infections
among afebrile infants at the PED with reported fever at home. This leads to the
third aim of this thesis, which is:1) to evaluate the risk of bacterial meningitis,
bacteremia, and UTI in infants <60 days old with reported fever at home and 2) to
investigate whether there is any difference between the infants who are afebrile
when they present to the PED and infants who are still febrile.

Physicians’ decision-making process when managing
febrile infants

Previous chapters have described the efforts researchers have made in the last
decades to develop prediction rules and guidelines for managing febrile infants. A
guideline could be defined as a ‘systematically developed statement to assist
practitioners and patients in making decisions about appropriate health care for
specific circumstances.”’**® The goal of guidelines is to enhance the quality of care,
improve patient outcomes, and optimize cost-effectiveness. Guidelines are
particularly useful: a) in commonly encountered diseases or symptoms, b) in
conditions with significant morbidity or mortality when appropriate care can alter
the outcome, c) in situations associated with high costs, and d) when significant
practice variation is reported.”’ The care of febrile young infants fulfills all these
prerequisites: a) fever is very common in infants, b) can be caused by life-
threatening infections, such as meningitis, ¢) hospitalizations are costly, and 4)
significant variation in management has been reported.

Few studies have investigated the effectiveness of the management guidelines for
febrile infants. Byington et al. reported that implementing a guideline for the
management of well-appearing febrile infants increased evidence-based care,
improved patient outcomes, and reduced costs.'” Similarly, Murray et al.
demonstrated improved timelines in initiating investigations, earlier administration
of antibiotics, and decreased variation of care.”*® Gomez et al. evaluated the
effectiveness of the “‘step by step’” approach. They reported that the implementation
of the guideline increased the percentage of febrile infants aged <15 days who
underwent sepsis evaluation and received antibiotics. They concluded that ‘‘the
introduction of the Step-by-Step increased the quality of care provided to young
febrile infants.”**
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Despite the potential benefits, 30 years after the publication of the first guideline for
febrile infants, many PEDs and hospitals still do not have any officially endorsed
clinical decision tool or management protocol. Schneider et al., in a survey among
53 pediatric emergency medicine fellowship directors in the US, found that 49%
reported that there was no departmental policy regarding the evaluation of febrile
infants.”*” Similarly, Burstein et al., in a survey among all 16 tertiary pediatric
hospitals in Canada, reported that 8/16 PEDs and 15/16 inpatient departments did
not have any officially endorsed clinical decision tool for the evaluation and
management of febrile infants.?'® A study from Israel showed that 74% of the
pediatric centers surveyed did not have written protocols for managing febrile
infants.**!

It has been shown that applying guidelines is difficult, takes time, and guidelines
are often not applied.”*>*** Besides the difficulties in implementation, adherence is
poor and not sustainable over time.*** Adherence to guidelines for febrile infants is
poor as well. Meehan et al. conducted an online interactive case-based questionnaire
with members of the Emergency Medicine section of the AAP.>*> They found low
compliance with recommendations even though the participants reported following
the published guidelines for febrile infants. Similar findings were reported in a
survey of 164 pediatric emergency or emergency medicine directors in the US and
Canada.**® Only 11% of pediatric emergency directors and 2% of emergency
medicine directors followed the guidelines in all 4 pediatric case scenarios. Several
studies have investigated the barriers to following guidelines. A scoping review by
Fischer et al. summarized and divided the etiologic factors into 3 main categories.
First are factors related to physicians’ attitudes or knowledge, such as motivation,
skills, learning culture, awareness of the existence of the guideline, and familiarity
with it. Second are factors related to the guideline, such as layout, accessibility, and
complexity. Third are organizational constraints, such as lack of resources, time
restriction, and workload.?*’

More research is needed on why and how physicians choose to follow guidelines
for febrile infants. Management and variation studies have shown that febrile infants
seen at private pediatric offices, well-appearing febrile infants, or infants with
reported fever at home who were afebrile at the PED underwent fewer investigations
and were less often hospitalized and treated with antibiotics.” ** #** 2% These
findings led researchers to speculate that the clinical appearance, temperature during
physical examination, possibility of adequate follow-up, and physician’s experience
might be among the factors influencing the decision whether to follow the
guidelines."”” ?!> However, there is little insight into the decision-making process
itself. Aronson et al. conducted semistructured interviews to investigate how
physicians choose to perform a lumbar puncture in febrile infants 29-60 days old.>*’
The factors that mainly emerged were the knowledge of the newest recommendation
and the supporting evidence of the guideline. Other factors included previous
experience of unfavorable outcomes, which resulted in stronger risk aversion. In
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addition, the physician’s clinical experience and inclination to communicate,
discuss, and share the decision with parents influenced the decision to perform an
LP.

Hence, despite the long-lasting efforts to develop guidelines for febrile infants, their
implementation is lagging and adherence is poor. In addition, there is a paucity of
knowledge regarding contributing factors. Knowing why physicians follow or do
not follow management recommendations is essential to develop new guidelines,
improve or adjust current guidelines, and design implementation strategies. This
leads to the fourth aim of this thesis, which is: 1) to describe the decision-making
process when managing febrile infants <60 days and 2) to describe factors that
influenced this decision.
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A1ims

This PhD project aims to address some of the knowledge gaps in the research field
of febrile infants. More specifically, it addresses the paucity of data on prevalence,
management variation, and outcomes from countries other than the US and Spain.
Sweden has several different population characteristics. Also, there are indications
that, in Sweden, the management of febrile infants likely involves fewer
investigations, hospitalizations, and antibiotic treatments than what is recommended
by international guidelines. Thus, data from Sweden could provide new perspectives
for the management of febrile infants. Another gap is the paucity of insight into
physicians’ thinking process when managing febrile infants and how they decide
whether to follow or not guidelines. The specific aims of this thesis are the
following:

L To investigate age- and sex-specific prevalence of SBIs in infants <60
days with fever without source who presented at the Pediatric
Emergency Department in four urban areas in Sweden.

1L To describe the clinical management and adverse outcomes of febrile
infants <60 days old in 4 Swedish PEDs, which do not have written
formalized guidelines.

I1I. To evaluate the risk of bacterial meningitis, bacteremia, and UTI in
infants <60 days with reported fever at home and to investigate whether
there is any difference between the infants who are afebrile when they
present to the PED and infants who are still febrile.

Iv. To describe the decision-making process when managing febrile infants
<60 days and to describe factors that influenced this decision.
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Methods

This thesis comprises two separate projects. The first is a retrospective cross-
sectional study that generated papers I-I11. The second is a qualitative study, with
focus group discussions to better understand and explain the specific findings of the
first project, which generated Paper I'V.

Method used in Papers I-II1

Setting

The study was performed in 4 PEDs, all parts of university pediatric hospitals. Three
of these PEDs, located in Gothenburg, Lund, and Malmo, are the only PEDs in these
cities. The fourth PED is part of Sachs’ Children and Y outh Hospital, located in the
inner city of Stockholm (the capital city) and is one of Stockholm’s 3 PEDs. No
other public or private primary health facilities see febrile infants younger than 60
days in the catchment area of any of the study PEDs. All the sites have electronic
hospital records and laboratory reporting systems.

Study Design

All infants <60 days of age with “‘fever’’ registered as the primary contact reason
in the PEDs’ patient electronic registration system were retrospectively identified.
Only one contact reason can be chosen from the drop-down menu in the electronic
registration system. For 2 PEDs (Lund and Malmo), the study period was from
January 1, 2014, to December 31, 2020. In the other 2 PEDs (Gothenburg and
Stockholm), the study period was from January 1, 2014, to December 31, 2017. It
was not possible to collect data beyond 2017 at these 2 sites due to travel restrictions
caused by the COVID-19 pandemic and changes in regulations regarding access to
patient data. The electronic records of febrile infants were reviewed by 7 medical
students, one resident pediatrician, and the author of this thesis, who supervised the
data collection at all sites.
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Study Population

Eligible for the study were infants aged <60 days with documented fever >38°C at
home or the PED, without comorbidities (e.g., neuromuscular, genitourinary,
gastrointestinal, cardiovascular), and who had not been hospitalized or received
antibiotics in the previous 10 days. Data on demographics, clinical symptoms,
physical findings, and biochemical and microbiological results were also collected.
Subsequent visits to the PED within 10 days after the index visit were reviewed.
The study data were collected and managed using the Research Electronic Data
Capture (REDCap) tool hosted by Lund University. REDCap is a secure web-based
software platform that supports data capture in research studies. Infants were
excluded from the analyses if they had a clear focus of infection, such as respiratory,
gastrointestinal, skin, or joint. Hence, only infants with fever without source (FWS)
were included in the final analyses.

For papers I and II, infants were included if they had a fever of >38°C measured at
home or the PED and presented between January 1, 2014, and December 31, 2017.
A hospital guideline for managing febrile infants aged <60 days was introduced in
2 of the study’s PEDs (Lund and Malmo) in 2018. Papers I and II aimed to present
data from PEDs without written guidelines. Therefore, data collected from these 2
study sites after January 1, 2018, were not included.

For paper 111, infants were included if they had a fever of >38°C measured at home.
Data from 2018-2020 were also included, thus the study period was from 2014 to
2020.

Statistical analysis

Statistical analyses were performed using SPSS IBM statistics for Macintosh,
versions 26.0 and 27.0. The exact binomial interval method was used to calculate
the 95% confidence intervals (Cls). The x* test and Fisher’s exact test were used for
comparisons between the groups. The level of significance was set at p <0.05.
Relative risk (RR) ratios with 95% Cls were used to compare risks between the
different groups.

Based on the most relevant publications, the cohort was divided into 2 age groups:
<28 and 29-60 days. In 2021, the AAP changed the age threshold for routine
investigation with LP and administration of antibiotics to 21 days. Therefore,
separate analyses were performed for infants aged <21 and 21-28 days.

Ethics
The study was approved by the Regional Ethics committee in Lund (Dnr 2017/967)
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Definitions
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Fever: temperature >38°C regardless of the measurement site.

Fever without a source (FWS): fever without any apparent focus of infection,
such as respiratory, gastrointestinal, skin, or joint, after medical history and
physical examination.

Urinary tract infection (UTI): urine culture with a growth of:1) any amount of
a single pathogen in samples obtained by suprapubic aspiration, 2) 10,000—
100,000 colony-forming units (cfu)/ml of a single pathogen and urine dipstick
positive for leukocyte esterase or nitrite in samples obtained by a ‘clean catch’
method or catheterization, 3) >100,000 colony-forming units (cfu)/ml of a
single pathogen regardless the urine dipstick result and the sampling method.
““Clean catch’’ is the default urine sample collection method in all sites and
urine bags are never used. The UTI definition was modified from the most used,
which for ‘clean catch’ specimens is a growth of >50,000 cfu/ml,” because the
microbiology laboratories in the study hospitals report urine culture results
based on three cfu/ml intervals: <10,000, 10,000— 100,000, and >100,000
cfu/ml.

Bacteremia: growth of a bacterial pathogen in blood culture. The growth of
coagulase-negative staphylococci, Propionibacterium spp., Bacillus cereus
spp., micrococci, alpha hemolytic streptococci, and diphtheroids were
considered contaminants.

Bacterial meningitis: Growth of a bacterial pathogen in cerebrospinal fluid
(CSF) culture or a CSF polymerase chain reaction test positive for a bacterial
pathogen.

Serious Bacterial Infections (SBI): UTI, bacteremia, or bacterial meningitis.
Invasive Bacterial Infection (IBI): bacteremia or bacterial meningitis.

[ll-appearing infant: An infant was considered ill-appearing if the attending
physician documented any of the following terms: ill-appearing, irritable,
somnolent, lethargic, non-responsive, septic, or cyanotic.

Initial approach: investigations and treatments performed at the PED during the
first encounter or at the ward planned by the PED physician at the first
encounter.

Revisit: any return visit to the PED within 10 days from the index visit.

Delayed-treated IBI or SBI: any case of IBI or SBI when broad-spectrum
antibiotics were not administered at the initial approach.

Adverse outcome: Death of an infant who did not receive broad-spectrum
antibiotics at the initial encounter or delayed-treated IBI.



Method used in Paper IV

Setting

This study was conducted in 2 of the 4 study PEDs (Lund and Malmg). Both PEDs
are part of the Sk&ne University Hospital in Sweden’s southernmost region. A
guideline for managing febrile infants <60 days with fever without a source (FWS),
based on the ‘‘step by step’” approach, was introduced in 2018. For ill-appearing
infants and infants <21 days of age, it recommends LP, urine and blood cultures,
parenteral antibiotics, and admission. For well-appearing infants aged 22—-60 days,
it recommends blood tests (ANC, procalcitonin, C-reactive protein), urine dipstick,
and specific actions according to the results.

Study design

This study was based on an inductive qualitative design. A phenomenographic
approach, according to Sjostrém and Dahlgren,**® was used to gain insight into the
process of physicians’ decision-making, including perceived barriers, facilitators,
and motivators, when managing febrile infants <60 days. Phenomenography focuses
on how a phenomenon (managing febrile infants) is perceived by physicians rather
than the phenomenon itself (management of febrile infants). The aim of
phenomenography is to describe the variation of physicians’ perceived reasons to
follow or not the guideline, and subsequently identify patterns rather than describe
a singular essence.?*®

Participants

All clinically active pediatric residents and specialists at the PED were invited to
enroll during staff meetings and through follow-up emails. A letter describing the
study, its scope, and its aims was sent to all. Focus groups with physicians in the
same role were chosen for better homogeneity and to create a better opportunity for
the interviewees to interact.

Data collection

Focus group discussions were conducted by 2 researchers with experience in
qualitative research, none of whom was involved in the care of infants. Before the
discussions, the participating physicians filled out a questionnaire containing
information regarding their demographics and professional experience. A short list
of topics (Table 8) with follow-up questions was used to guide the discussion. The
discussions were performed at local hospital facilities, in April and May 2022. They
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were audio-recorded and transcribed verbatim using a professional transcription
service. The names and roles of the participants were not mentioned in any step of
the procedure. The data transcription company followed strict general data
protection rules (GDPR) procedures.

Table 8. Topics and questions for focus group interviews

Topic Example questions

Overall process of decision-making What process of decision-making do you follow when
managing fever in an infant (<21 days)?

External factors affecting decision-making What factors affect your decisions and how? (The

general condition of the infant? Input from colleagues?
Wishes and needs from parents?)

Decisions on diagnostics and treatment What factors are crucial in decisions on diagnostic
procedures (such as lumbar puncture, blood, and urine
culture), treatment (such as antibiotics and
hospitalization), and how?

Analysis

The audio-recorded and transcribed interviews were analyzed using a stepwise
phenomenographic approach. Physicians’ perceptions of managing febrile infants
(the phenomenon) were identified and grouped into concepts and categories. The
first part of the analysis was performed using a seven-step approach, as described
by Sjdstrom and Dahlgren.*® The second part of the analysis comprised orienting
the categories toward intrinsic and extrinsic motivators.**’ The primary analysis was
conducted by two researchers. A third researcher reviewed, revised, and confirmed
the results. Finally, the research group discussed the results until a joint agreement
and consensus were reached. Representative quotes were used to support and
exemplify these categories. The data were managed using NVivo software [QSR
International Pty Ltd. (2018) NVivo (version 12] ).
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Results

Demographics

There were 2237 infants aged <60 days with FWS in the 4 study PEDs during the
total study period from 2014 to 2020. The median age of the infants was 38 days,
and 56% were boys. Most infants presented to the PED with a fever duration of <6
hours. One of three infants with reported fever at home was afebrile at presentation
(Table 9).

Table 9. Demographics of infants aged <60 days with Fever Without a Source in 4 Pediatric Emergency Departments
in Sweden 2014-2020

0-28 days 29-60 days 0-60 days
n= 741 n= 1496 n= 2237
Boys, n (%) 426 (57) 839 (56) 1265 (56)
Median Age, d (IQR) 18 (12-23) 46 (38-54) 38 (23-50)
Temp °C Home, median (IQR) 38.4(38.1-38.8)  38.5(38.2-38.8)  38.5(38.1-38.8)
Temp °C PED, median (IQR) 38.2(37.7-38.7)  38.3(37.8-38.7)  38.2(37.8-38.7)
Afebrile! at presentation, n (%) 244 (33) 463 (31) 707 (32)
Fever duration Prior PED visit, n (%)
<6 hours 469 (63) 878 (59) 1347 (60)
6-12 hours 139 (19) 327 (22) 466 (21)
12-24 hours 84 (11) 154 (10) 238 (11)
> 24 hours 25 (3) 90 (6) 115 (5)
Unknown 24 (3) 47 (3) 71 (3)

"Afebrile, temperature <38°C; IQR, interquartile rate; PED, Pediatric Emergency Department

Prevalence of serious bacterial infections

Prevalence per age group

Data from all 4 study PEDs were available from 2014 to 2017. During this period,
1701 infants aged <60 days with FWS were included. The total prevalence of SBIs
was 12.6% (95% CI, 11.0-14.3). Isolated UTIs accounted for 87% of all SBIs. The
prevalence of meningitis was 0.5% (95% CI, 0.2-0.9) and of bacteremia was 1.5%
(95% CI, 1.0-2.2). The prevalence of meningitis and bacteremia was 3- to 5-fold
higher in infants aged <28 days than in those aged 29-60 days (Table 10).
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Table 10. Prevalence of serious bacterial infections per age group in infants aged <60 days with Fever Without a Source
in 4 Pediatric Emergency Departments in Sweden 2014-2017

0-28 days 29-60 days 0-60 days

n=570 n=1131 n= 1701

n (%; 95% Cl) n (%; 95% Cl) n (%; 95% Cl)
UTI Isolated 72 (12.6; 10.0-15.6) 115 (10.2; 8.5-12.1) 187 (11.0; 9.5-12.6)
Meningitis Isolated 0 (0.0; 0.0-0.6) 2(0.2; 0.0-0.6) 2(0.1;0.0-0.4)
Bacteremia Isolated 7(1.2;0.5-2.5) 4(0.4; 0.1-0.9) 11 (0.6; 0.3-1.2)
Bacteremia + UTI 6 (1.1; 0.4-2.3) 2(0.2; 0.0-0.6) 8 (0.5; 0.2-0.9)
Meningitis + Bacteremia 4(0.7; 0.2-1.8) 1(0.1; 0.0-0.5) 5(0.3; 0.1-0.7)
Meningitis + Bacteremia + UTI 1(0.2; 0.0-1.0) 0(0.0; 0.0-0.3) 1(0.1; 0.0-0.3)
Meningitis* 5(0.9; 0.3-2.0) 3(0.3;0.1-0.8) 8(0.5; 0.2-0.9)
Bacteremia* 18 (3.2; 1.9-4.9) 7 (0.6; 0.2-1.3) 25(1.5;1.0-2.2)
SBI Total 90 (15.8; 12.9-19.0) 124 (11.0; 9.2-12.9) 214 (12.6; 11.0-14.3)
IBI Total 18 (3.2; 1.9-4.9) 9 (0.8; 0.4-1.5) 27 (1.6; 1.0-2.3)

UTI, Urinary Tract Infection; SBI, Serious Bacterial Infection; IBI, Invasive Bacterial Infection.
*All cases (isolated or in any combination), because of the combinations, the sum of Meningitis and Bacteremia is
higher than the number of IBI Total

In infants aged <21 days, the prevalence of meningitis was 1.3% (95% CI, 0.4-3.0)
and of bacteremia 4.5% (95% ClI, 2.6-7.0) (Table 11).

Table 11. Prevalence of serious bacterial infections per age group in infants aged <60 days with Fever Without a Source
in 4 Pediatric Emergency Departments in Sweden 2014-2017

<21 days

n= 381

n (%; 95% ClI)
UTI Isolated 47 (12.3; 9.2-16.1)
Meningitis Isolated 0 (0.0; 0.0-1.0)
Bacteremia Isolated 6 (1.6; 0.6-3.4)
Bacteremia + UTI 6 (1.6; 0.6-3.4)
Meningitis + Bacteremia 4 (1.0; 0.3-2.7)
Meningitis + Bacteremia + UTI 1(0.3; 0.0-1.5)
Meningitis* 5(1,3; 0.4-3.0)
Bacteremia*® 17 (4.5; 2.6-7.0)
SBI Total 64 (16.8; 13.2-20.9)
1Bl Total 17 (4.5; 2.6-7.0)

UTI, Urinary Tract Infection; SBI, Serious Bacterial Infection; IBI, Invasive Bacterial Infection.
*All cases (isolated or in any combination), because of the combinations, the sum of Meningitis and Bacteremia is
higher than the number of 1Bl Total

Prevalence per week of age

The prevalence of meningitis and isolated bacteremia peaked in the first week of
life, declined thereafter, and remained low after the third week of life (Fig. 1)
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Figure 1. Prevalence of serious bacterial infections per week of age in infants aged <60 days with Fever Without a
Source in 4 Pediatric Emergency Departments in Sweden 2014-2017

Prevalence per study site

The SBI prevalence varied from 9.4% at the site with the lowest prevalence to 16.4%
at the site with the highest prevalence. This variation was primarily due to variation
in the prevalence of UTIs. The prevalence of meningitis did not vary among the
study sites (Table 12).

Table 12. Serious Bacterial Infection prevalence per study Pediatric Emergency Department in infants aged <60 days
with Fever Without a Source in Sweden 2014-2017

Lund Malmo Gothenburg Stockholm

n= 256 n=423 n= 536 n= 486

n (%; 95% Cl) n (%; 95% Cl) n (%; 95% Cl) n (%; 95% Cl)
SBI Total 24 (9.4; 6.1-13.6) 52 (12.3; 9.3-15.8) 88 (16.4; 13.4-19.8) 50 (10.3; 7.7-13.3)
IBI Total 3(1.2,0.2-3.4) 3(0.7;0.1-2.1) 14 (2.6; 1.4-4.3) 7 (1.4;0.6-2.9)
uTI* 22 (8.6; 5.5-12.7) 50 (11.8; 8.9-15.3) 79 (14.7;11.8-18.0)  45(9.3;6.8-12.2)
Meningitis* 1(0.4; 0.0-2.2) 0 (0; 0.0-0.9) 4(0.7; 0.2-1.9) 3(0.6;0.1-1.8)
Bacteremia* 3(1.2,0.2-3.4) 3(0.7;0.1-2.1) 13 (2.4;1.3-4.1) 6 (1.2;0.5-2.7)

SBI, Serious Bacterial Infection; IBI, Invasive Bacterial Infection; UTI, Urinary Tract Infection
*All cases (isolated or in any combination), because of the combinations, the sum of UTI, Meningitis, and Bacteremia
is higher than the number of SBI Total and IBI Total.

Sex-specific prevalence

No significant difference was observed in the prevalence of meningitis and
bacteremia between boys and girls in any age group. In contrast, in the <28 days age
group, the prevalence of UTI was almost 7-fold higher in boys than in girls (Table
13).
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Table 13. Serious Bacterial Infection prevalence per sex and age group in infants aged <60 days with Fever Without a

Source in 4 Pediatric Emergency Departments in Sweden 2014-2017

0-28 days 29-60 days

Girls Boys Girls Boys

n= 248 n= 322 P n= 486 n= 645 P

n (%; 95% Cl) n (%; 95% Cl) n (%; 95% Cl) n (%; 95% Cl)
SBI Total 13(5.2;2.88.8) 77 (23.9;19.4-29.0) <.001 46 (9.5;7.0-12.4) 78 (12.1;9.7-14.9) 161
IBI Total 5(2.0;0.7-4.6) 13 (4.0;2.2-6.8) A71 4(0.8;0.2-2.1) 5(0.8;0.3-1.8) 1.000
uTI* 8(3.2;1.4-6.3) 71(22.0;17.6-27.0) <.001 42 (8.6;6.3-11.5) 75(11.6,9.3-14.4) 103
Meningitis* 2(0.8;0.1-2.9) 3(0.9;0.2-2.7) 1.000 3(0.6;0.1-1.8) 0 .079
Bacteremia* 5(2.0;0.7-4.6) 13(3.7;1.9-6.4) 228 2 (0.4;0.0-1.5) 5(0.8;0.3-1.8) .705

SBI, Serious Bacterial Infection; IBI, Invasive Bacterial Infection; UTI, Urinary Tract Infection
*All cases (isolated or in any combination); because of the combinations, the sum of UTI, Meningitis, and Bacteremia is
higher than the number of SBI Total and IBI Total.

Epidemiology

Group B Streptococcus and Escherichia coli were isolated in 76% of the 25

bacteremia cases (Fig. 2).

4%

Figure 2. Bacteriology of bacteremia cases in febrile infants aged <60 days with Fever Without Source in 4 Pediatric

Emergency Departments in Sweden

4%

2014-2017.

m Escherichia Coli

= Group B Streptococcus

= Group A Streptococcus
Streptococcus Pneumoniae

m Staphylococcus Aureus

Of the 11 cases of isolated bacteremia, 5 were caused by Group B Streptococcus, 4
by Group A Streptococcus, 1 by Escherichia coli, and 1 by Streptococcus
pneumoniae. In total, 550 blood cultures were obtained. Bacteria grew in 102
samples, of which only 25 were considered true pathogens. Therefore, the
contamination rate was 75%.
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Of the 8 meningitis cases, 4 were caused by Group B Streptococcus, 1 by
Escherichia coli, and 1 by Streptococcus pneumoniae. Two infants had pleocytosis
in the CSF, but negative CSF cultures and PCR results. Because it was not possible
to determine whether the lumbar puncture was performed before the administration
of antibiotics, both cases were registered as bacterial meningitis. One of these 2
infants had a blood culture with growth of Escherichia coli. No cases of Listeria
monocytogenes infections were identified.

Escherichia coli caused 94% of all UTI cases, while Klebsiella spp, Enterococcus
spp, and Group B Streptococcus caused the remaining. In total, 732 urine cultures
were obtained. Bacterial growth was observed in 338 of these samples, and the total
number of UTIs was 196. Thus, 42% of urine cultures with bacterial growth were
considered contaminants or not true pathogens.

Management and variation

Management per age group

The data from the 1701 infants aged <60 days with FWS seen in the 4 study PEDs
during 2014 to 2017 were further analyzed to describe management. At the time of
the study, most established international guidelines recommended sepsis evaluation,
broad-spectrum antibiotics, and hospitalization for all infants aged <28 days. In
infants aged <28 days, LP was performed in 13% (95% CI, 11-16), broad-spectrum
antibiotics were administered in 30% (95% CI, 26-34), and 67% (95% CI, 63-71)
were hospitalized (Table 14).

The “‘Step by Step’” approach (2014) and the new AAP guidelines (2021)
recommend 21 days of age as a cutoff point for sepsis evaluation, antibiotics, and
hospitalization. In infants <21 days of age, LP was performed in 16% (95% CI, 12—
20), broad-spectrum antibiotics were administered in 34% (95% CI, 29-39), and
71% (95% CI, 67-76) were hospitalized (Table 14).
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Table 14. Investigations, antibiotic treatment, and hospitalizations at the initial approach’ of infants <60 days old with

Fever Without a Source in 4 Pediatric Emergency Departments in Sweden 2014-2017

Age =21 days
n= 381
N (%; 95% Cl)

Age =28 days
n=570
N (%; 95% Cl)

Age 29-60 days
n=1131
N (%; 95% Cl)

Lumbar Puncture
Urine Culture
Blood Culture
All three?
None?
Urine Dipstick
C-Reactive Protein
White Blood Cells
Antibiotics®

Hospitalization

60 (16; 12-20)
180 (47; 42-52)
165 (43; 38-48)
37 (10; 7-13)
150 (39; 34-44)
314 (82; 78-86)
340 (89; 86-92)
229 (60; 55-65)
129 (34; 29-39)
272 (71; 67-76)

76 (13; 11-16)
264 (46; 42-50)
226 (40; 36-40)
46 (8; 6-11)
243 (43; 38-47)
479 (84; 81-87)
509 (90; 86-92)
329 (58; 53-62)
171 (30; 26-34)
384 (67; 63-71)

52 (5; 3-6)

380 (33; 31-36)
241 (21; 19-24)
31(3; 2-4)

685 (61; 58-63)
964 (85;83-87)
1008 (89; 87-91)
560 (49; 47-52)
178 (16; 14-18)
513 (45; 42-48)

"Initial approach, Investigations, and antibiotic treatment performed at the Pediatric Emergency Department or the
ward planned by the PED physician.

2All three: lumbar puncture + urine culture + blood culture; None, none of these three.

3Antibiotics = Broad-spectrum Antibiotics, any regimen containing parenteral 3rd generation cephalosporins,
aminoglycosides, or meropenem.

General appearance, presence of fever, and management

In the <28 days age group, LP was performed 30 times more often in febrile, ill-
appearing infants and 5 times more often in febrile, well-appearing infants than in
afebrile, well-appearing infants (Table 15). The rates of antibiotics and
hospitalizations were also higher in ill-appearing or febrile infants than in well-
appearing or afebrile infants.
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Table 15. Lumbar puncture, antibiotics, and hospitalizations at the initial approach’ of infants aged <60 days with Fever
Without a Source in 4 Pediatric Emergency Departments in Sweden in 2014-2017 according to the general appearance
and presence of fever at presentation.

<28 days 29-60 days
n= 5566 n=1105°

Well-appearing lll-appearing® Well-appearing lll-appearing®

n= 481 n=75 n= 1008 n= 97

N (%; 95% CI) N (%; 95% CI) N (%; 95% Cl) N (%; 95% CI)
Febrile? PED? 303 67 685 83
Lumbar Puncture 32 (11; 7-15) 39 (58; 45-70) 22 (3; 2-5) 23 (28; 18-39)
Antibiotics* 99 (33; 27-38) 51 (76; 64-86) 106 (15; 13-18) 52 (63; 51-73)
Hospitalizations 237 (78; 73-83) 66 (98; 92-100) 356 (52; 48-56) 76 (92; 83-96)
Afebrile? PED? 178 8 323 14
Lumbar Puncture 3(2; 0-5) 2 (25; 3-65) 1(0; 0-2) 5 (36; 13-65)
Antibiotics* 14 (8; 4-13) 4 (50; 16-84) 11 (3; 2-6) 8 (57; 29-82)
Hospitalizations 64 (36; 29-43) 8 (100; 63-100) 59 (18; 14-23) 13 (93; 66-100)

"Initial approach, investigations, and antibiotic treatment performed at the PED or the ward planned by the PED
physician

2Febrile, Temperature 238 °C; Afebrile, Temperature <38 °C

SPED, Pediatric Emergency Department

“Antibiotics = Broad-spectrum Antibiotics, any regimen containing parenteral 3rd generation cephalosporins,
aminoglycosides, or meropenem.

Slll-appearing, Documented in the medical record as any of: ill-appearing, irritable, somnolent, lethargic, non-
responsive, or septic.

5The sum of well-appearing and ill-appearing infants is 1661, because this information was not available for 40
infants

Management per study site

Variations in management were observed among the 4 study PEDs (Table 16). In
febrile infants aged <28 days, the rate of LP varied almost 12-fold between the sites,
with the lowest (2%; 95% CI, 1-6) and highest (23%; 95% CI, 18-30) rates.
Differences were observed in the rates of antibiotic administration, whereas the rates
of blood tests, urinalysis, and hospitalization were similar at all 4 sites.
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Table 16. Investigations, antibiotic treatment, and hospitalizations at the initial approach’ of infants <60 days old with

Fever Without a Source in each of the 4 Pediatric Emergency Departments in Sweden 2014-2017

Lund
n (%; 95% Cl)

Malmo
n (%; 95% Cl)

Gothenburg
n (%; 95% Cl)

Stockholm
n (%; 95% Cl)

Age <28 days

n=70

n=138

n= 187

n=175

Lumbar Puncture
Urine Culture
Blood Culture
All three?
None?
Urine Dipstick
CRP Done
WBC Done
Antibiotics®
Hospitalization

11 (16; 8-26)

33 (47; 35-59)
26 (37; 26-45)
10 (14; 7-25)

34 (49; 36-61)
51 (73; 61-83)
58 (83; 72-91)
35 (50; 38-62)
22 (31; 21-44)
41 (59; 46-70)

17 (12; 7-19)
71 (51; 43-60)
59 (43; 34-51)
13 (9; 5-16)

57 (41; 33-50)
114 (83; 75-88)
122 (88; 82-93)
70 (51; 42-59)
48 (35; 27-43)
94 (68; 60-76)

44 (23; 18-30)
66 (35; 28-43)
83 (45; 37-52)
20 (11; 7-16)
84 (45; 38-52)
169 (90; 85-94)
177 (95; 90-97)
147 (79; 72-84)
73 (39; 32-46)
139 (74; 67-80)

4(2;1-6)

94 (54; 46-61)
58 (33; 26-40)
3(2; 0-5)

68 (39; 32-46)
145 (83; 76-88)
152 (87; 81-91)
77 (44; 36-52)
28 (16; 11-22)
110 (63; 55-70)

Age 29-60 days

n= 186

n= 285

n= 349

n=311

Lumbar Puncture
Urine Culture
Blood Culture
All three?
None?
Urine Dipstick
CRP Done
WBC Done
Antibiotics®

Hospitalization

8 (4; 2-8)
67 (36; 29-43)
56 (30; 24-37)
5 (3; 1-6)

107 (57; 50-65)
151 (81; 75-86)
149 (80; 74-86)
93 (50; 43-57)
40 (21; 16-28)
82 (44; 37-51)

14 (5; 3-8)
103 (36; 31-42)
67 (23; 18-29)
10 (3; 2-6)

166 (58; 52-64)
252 (88; 84-92)
266 (95; 89-96)
122 (43; 37-49)
50 (17; 13-22)
130 (46; 40-52)

28 (8; 5-11)
86 (25; 20-29)
66 (19; 15-23)
14 (4; 2-T)

234 (67; 62-72)
319 (91; 88-94)
317 (91; 87-94)
261 (75; 70-79)
54 (15; 12-20)
176 (50; 45-56)

2(1;0-2)
124 (40; 34-45)
52 (17; 13-21)
2(1;0-2)

178 (57; 51-63)
242 (78; 73-82)
276 (89; 85-92)
84 (27; 22-32)
34 (11; 8-15)
125 (40; 35-46)

"Initial approach, investigations, and antibiotic treatment performed at the PED or the ward planned by the ED

physician.

2All three, all three of lumbar puncture + urine culture + blood culture; None, none of these three.
3Antibiotics = Broad-spectrum Antibiotics, any regimen containing parenteral 3rd generation cephalosporins,
aminoglycosides, or meropenem.

Adverse outcomes

During 2014-2017, 1701 febrile infants aged <60 days with FWS were seen at the
4 study PEDs. Of these, 12 (0.7%; 95% CI, 0.4-1.2) infants with an SBI did not
receive antibiotics at the initial approach. Among them, 4 (0.2%; 95% CI, 0.1-0.6)
had an IBI (Table 17).

In total, 1352 febrile infants aged <60 days did not receive antibiotics during the
initial approach. Thus the percentage of the 4 delayed-treated IBIs among the infants
not treated at the initial approach was 0.3% (95% CI, 0.1-0.8). All 4 infants with
delayed-treated IBI were hospitalized at the index visit and received antibiotics at
the latest 16 hours after their presentation to the PED. None of these infants needed
intensive care. Fight infants had a delayed-treated UTI. Three of these were
hospitalized at the index visit, received antibiotics at the ward, and were discharged
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after 3 days (2 infants) and 6 days (1 infant). Of the 5 infants with UTIs diagnosed
at a revisit, 3 were admitted and 2 were sent home with oral antibiotics. None of
these infants experienced any short-term adverse outcomes.

Two infants died, one younger than 21 days due to disseminated herpes simplex
infection, and one older than 28 days due to Streptococcus pneumoniae meningitis.
Both infants appeared ill at presentation and received appropriate management.
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There were few delayed-treated IBIs and SBIs at each PED (Tablel8) and there
were no substantial inter-site differences.

Table 18. Febrile Infants <60 days with delayed-treated Serious Bacterial Infection per Pediatric Emergency Department
in Sweden 2014-2017

Lund Malmo Gothenburg Stockholm

N (%; 95% CI) N (%; 95% Cl) N (%; 95% ClI) N (%; 95% CI)
Age <28 days (n=70) (n=138) (n=187) (n=175)
Delayed-treated' UTI? 0 (0; 0.0-5.1) 0 (0; 0.0-2.6) 0 (0.0; 0.0-2.0) 0(0.0; 0.0-2.1)
Delayed-treated" IBI® 0 (0; 0.0-5.1) 0 (0; 0.0-2.6) 2(1.1;0.0-3.8) 1(0.6; 0.0-3.1)
Age 29-60 days (n=186) (n=285) (n=349) (n=311)
Delayed-treated' UTI? 1(0.5; 0.0-3.0) 2(0.7;0.1-2.5) 1(0.3; 0.0-1.6) 4(1.3;0.4-3.3)
Delayed-treated’ IBI® 0 (0; 0.0-2.0) 0 (0; 0.0-1.3) 0(0; 0.0-1.1) 1(0.0; 0.0-1.8)

'Delayed-treated, infant with an SBI/IBI not treated with broad-spectrum antibiotics at the initial presentation.
2UTI, Urinary Tract Infection Infection: Isolated Urinary Tract Infection.
3IBI, Invasive Bacterial Infection: bacterial meningitis or bacteremia

Afebrile versus febrile infants

Risk of infection in afebrile versus febrile infants

During the entire study period from 2014 to 2020, 1926 infants aged <60 days with
FWS presented due to a reported fever of >38°C identified at home. Of these, 702
(36%) were afebrile and 1224 (64%) were febrile at the PED, constituting the
afebrile and febrile groups, respectively. There was no difference in the risk of
meningitis between febrile and afebrile infants <28 days, with a risk ratio (RR) of
1.05 (95% CI, 0.18-6.23). No afebrile infant 29-60 days old was diagnosed with
meningitis. The risk of SBI was lower in afebrile infants than in febrile infants, with
an RR 0f 0.43 (95% CI, 0.31-0.58), mainly due to a lower risk of UTI, with an RR
0f 0.43 (95% CI, 0.31-0.59) (Table 19).
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Table 19. Prevalence of serious bacterial infections and risk ratio in infants <60 days old with Fever Without a Source

in 4 Pediatric Emergency Departments in Sweden 2014-2020

Afebrile PED
n (%; 95% Cl)

Febrile PED
n (%; 95% Cl)

RR (95% CI)

Infants 0-60 days

702

1224

SBI
uTl all'

46 (6.6; 4.8-8.6)
43 (6.1; 4.5-8.2)

188 (15.4; 13.4-17.5)
174 (14.2; 12.3-16.3)

0.43 (0.31-0.58)
0.43 (0.31-0.59)

Bacteremia all' 5(0.7;0.2-1.7) 21 (1.7, 1.1-2.6) 0.41(0.16-1.10)
Meningitis all' 2(0.3;0.0-1.0) 6 (0.5; 0.2-1.1) 0.58 (0.12-2.87)
Infants 0-28 days 243 382

SBI
uTl all'

20 (8.2; 5.1-12.4)
17 (7.0; 4.1-11.0)

78 (20.4; 16.5-24.8)
71 (18.6; 14.8-22.9)

0.40 (0.25-0.64)
0.38 (0.23-0.62)

Bacteremia all' 3(1.2;0.3-3.6) 14 (3.7, 0.2-0.6) 0.34 (0.10-1.16)
Meningitis all' 2(0.8;0.1-2.9) 3(0.8;0.2-2.3) 1.05 (0.18-6.23)
Infants 29-60 days 459 842

SBI

UTl all'
Bacteremia all'
Meningitis all'

26 (5.7; 3.7-8.2)
26 (5.7; 3.7-8.2)
2(0.4;0.1-1.6)
0(0.0; 0.0-0.8)

110 (13.1; 10.9-15.5)

103 (12.2; 10.1-14.6)
7(0.8;0.3-1.7)
3(0.4;0.1-1.0)

0.43 (0.29-0.65)
0.46 (0.31-0.70)
0.52 (0.11-2.50)

Abbreviations: RR, risk ratio; PED, pediatric emergency department; SBI, serious bacterial infection; UTI, urinary
tract infection

'All cases, isolated or in any combination, because of the combination the sum of UTI, bacteremia, and meningitis
exceeds the number of SBI

Sex-specific data for afebrile versus febrile infants

The UTI prevalence in girls aged <60 days afebrile at the PED was 3.9% (95% CI,
2.0-6.7) versus 8.7% (95% CI, 6.1-11.9) in afebrile boys (Table 20).
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Table 20. Sex-specific prevalence of serious bacterial infections in infants <60 days old with Fever Without a Source in
4 Pediatric Emergency Departments in Sweden 2014-2020

Girls Boys
Afebrile PED Febrile PED Afebrile PED Febrile PED
n (%; 95% ClI) n (%; 95% Cl) n (%; 95% Cl) n (%; 95% Cl)
Infants 0-60 days 309 520 393 704

SBI
uTl all'

12 (3.9; 2.0-6.7)
11 (3.6; 1.8-6.3)

58 (11.2; 8.6-14.2)
50 (9.6; 7.2-12.5)

34 (8.7; 6.1-11.9)
32(8.1;5.6-11.3)

130 (18.5; 15.7-21.5)
124 (17.6; 14.9-20.6)

Bacteremia all' 2(0.6; 0.1-2.3) 5(1.0; 0.3-2.2) 3(0.8;0.2-2.2) 16 (2.3; 1.3-3.7)
Meningitis all' 1(0.3; 0.0-1.8) 5(1.0;0.3-2.2) 1(0.3; 0.0-1.4) 1(0.1; 0.0-0.8)
Infants 0-28 days 103 157 140 225
SBI 4(3.9; 1.1-9.6) 14 (8.9; 5.0-14.5) 16 (11.4.2; 6.7-17.9) 64 (28.4; 22.6-34.8)
UTl all' 3(2.9;0.6-8.3) 10 (6.4; 3.1-11.4) 14 (10.0; 5.6-16.2) 61 (27.1; 21.4-33.4)
Bacteremia all' 1(1.0; 0.0-5.3) 3(1.9; 0.4-5.5) 2(1.4;0.2-5.1) 11 (4.9; 2.5-8.6)
Meningitis all' 1(1.0; 0.0-5.3) 2(1.3;0.2-4.5) 1(0.7; 0.0-3.9) 1(0.4.0; 0.0-2.2)
Infants 29-60 days 206 363 253 479
SBI 8(3.9.7; 1.7-7.5) 44 (12.1; 8.9-15.9) 18 (7.1; 4.3-11.0) 66 (13.8; 10.8-17.2)
UTl all’ 8(3.9; 1.7-7.5) 40 (11.0; 8.0-14.7) 18 (7.1; 4.3-11.0) 63 (13.2; 10.3-16.5)
Bacteremia all’ 1(0.5; 0.0-2.7) 2 (0.6; 0.1-2.0) 1(0.4; 0.0-2.2) 5(1.0;0.3-2.4)
Meningitis all’ 0(0.0; 0.0-1.8) 3(0.8;0.2-2.4) 0(0.0; 0.0-1.4) 0 (0.0; 0.0-0.8)

Abbreviations: PED, pediatric emergency department; SBI, serious bacterial infection; UTI, urinary tract infection
'All cases, isolated or in any combination, because of the combination the sum of UTI, bacteremia, and meningitis
exceeds the number of SBI

Management of afebrile versus febrile infants

More investigations were performed in febrile than in afebrile infants, with almost
four times more LPs and three times more blood cultures in febrile infants (Table
21).

Table 21. Investigations performed in afebrile and febrile infants <60 days old with reported fever at home in 4 Pediatric
Emergency Departments s in Sweden 2014-2020

0-28 days 29-60 days 0-60 days

Afebrile Febrile PED  Afebrile Febrile PED  Afebrile Febrile PED

PED 382 PED 842 PED 1224

243 n (%) 459 n (%) 702 n (%)

n (%) n (%) n (%)
CRP 185 (76) 368 (96) 346 (75) 778 (92) 531 (76) 1146 (94)
WBC 92 (38) 289 (76) 158 (34) 516 (61) 250 (36) 805 (66)
Urine dipstick 177 (73) 356 (93) 365 (80) 774 (92) 542 (77) 1130 (92)
Urine culture 83 (34) 264 (69) 150 (33) 436 (52) 233 (33) 700 (57)
Blood culture 58 (24) 243 (74) 47 (11) 275 (33) 105 (15) 518 (42)
Lumbar 16 (7) 123 (32) 11(2) 70 (10) 27 (4) 203 (16)
puncture

Abbreviations: PED, pediatric emergency department; CRP, C-reactive protein; WBC, white blood cell count.
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Factors that influenced physicians’ decision-making
process when managing febrile infants <60 days

A total of 19 physicians participated in the study to describe the decision-making
process when managing febrile infants aged <60 days and to describe the factors
that influenced this decision. There were 12 females and 7 males, with varying ages
and clinical experience (Table 22). In total, 6 focus group discussions were
conducted, which lasted between 53 and 64 minutes with 2 to 5 participants.

Table 22. Composition of the focus groups and characteristics of the participants
On-duty On-call
Physicians Physicians
Participants 11 8
Female 7 5

Age (years)
21-30 3 -
31-40
41-50 -
>50 - 3
Years of working with children
0-3
4-5
6-9
>10
Febrile infants <21 days

A~ N
|

|
©

managed per month
0
1-2
3-5
>5

W =2 o =
w w N

The decision to perform an LP was conceived as complex and emotionally laden,
and it was the component of the guideline that dominated the discussion. There were
identified 3 central factors that influence the decision-making process regarding
whether to perform an LP. The first was the search for a focus of infection that could
explain the fever, such as signs or symptoms of upper respiratory tract infection.
The second was questioning if the temperature reported by parents constituted fever,
especially in cases where the infant’s temperature at home was less than 38.2°C,
and the infant was afebrile during the examination. The third was the infants’
general condition, with physicians reasoning that LP is not motivated in cases of
well-appearing infants (Fig. 3).
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Trusting
one’s own
judgement

Fearing risk Avoiding

or failure & burdensome
for a focus,

questioning fever
and considering

the general .
Seeing a need condition Taking

to practice & others into
learn LP account

work

Balancing
guidelines &
resources

Fig 3. Description categories, with central categories of conception, and how they are interrelated in the decision to
perform or not perform an LP and finding its justification.

Around these 3 central factors evolved 6 secondary categories, which acted as
barriers or motivators in following the hospital guideline for febrile infants and
particularly on whether to perform an LP or not: 1) fearing the risk of failure, 2)
trusting one’s own judgment, 3) avoiding burdensome work, 4) taking others into
account, 5) balancing guidelines and resources, and 6) seeing a need to practice and
learn performing an LP (Fig. 3). These 6 secondary categories can be divided into 2
different types of motivators. The first was related to the physician, expressed as
“‘being driven by intrinsic motivators’’. The second was more related to external
factors, expressed as ‘‘being driven by extrinsic motivators.”
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Discussion

Main findings

The main findings of this research project in 4 Swedish PEDs were that the
prevalence of meningitis and bacteremia was low in infants with FWS aged <60
days. The prevalence of meningitis did not differ between boys and girls. Infants
<28 days old with reported fever at home who were afebrile at presentation had a
similar risk of meningitis as infants who were still febrile. The rates of LP, blood
cultures, and broad-spectrum antibiotics were much lower than those reported
internationally. Despite the fewer investigations and antibiotic treatments, there
were few delayed-treated IBIs. However, 2 of the 8 infants with meningitis were not
treated at presentation, indicating an opportunity for improvement with a more
structured approach. The focus group discussions showed that the presence of fever
and the infant’s general condition influence the decision-making process on whether
to follow the guideline for febrile infants, mainly whether to perform an LP.
Physicians highlighted the importance of relying on their clinical judgment and
making independent clinical decisions.

Prevalence of meningitis, variation in performing
lumbar puncture, and implications

This thesis describes a management of infants with FWS without routine LP and
contributes with knowledge that such an approach should be considered and
investigated further.

Table 14 (page 50) shows that LP was performed in only 13% of infants aged <28
days and 16% of infants aged <21 days. These rates are significantly lower than all
previously reported rates of 62-93% for infants aged <28 days (Table 7, page 32).%
157.212.213 Data for the <21 days age group are scarce, but Garcia et al. reported rates
of 73%.°® Thus, this research project verified the anecdotal experience and
hypothesis that the management of febrile infants in Sweden does not include
routine LP, contrary to international recommendations and praxis.
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Eight infants were diagnosed with meningitis in the 4 study PEDs between 2014-
2017. Of these, 6 were identified and treated at presentation, of which 4 were <21
days old and 2 were 29-60 days old. The LPs performed were 60 in infants aged <21
days, 76 in those aged <28 days, 128 in infants aged 0-60 days, and 52 in infants
aged 29-60 days. Hence, the number of LPs per meningitis case was 15, 19, 21, and
26 for each age group.

Despite the low rates of LP, only 2 infants with meningitis (one 10 and one 31 days
old) were not identified and treated at presentation. The ‘‘step by step’” approach
and the latest AAP guideline recommend LP for all infants <21 days,*”*® while the
NICE guideline has one month of age as the cutoff point.'* In the infants with FWS
presented to the 4 Swedish PEDs, the prevalence of meningitis was 1.3% in those
aged <21 days and 0.9% in those <28 days. Thus, an age threshold of 21 days would
have resulted in 77 LPs for each meningitis case, instead of the 15 that were
performed. Similarly, an age threshold of 28 days would have resulted in 110 LPs
per meningitis case, instead of the 19 that were performed. Consequently, the *‘step
by step’’ and the AAP guidelines would have resulted in an almost 6-fold increase
in the number needed to treat (NNT).

The 31 days old infant should have undergone LP according to the Boston and
Philadelphia criteria, which recommend LP for febrile infants <60 days.'>'® The
prevalence of meningitis was 0.5% in infants 0-60 days old and 0.3% in those aged
29-60 days. Therefore, in infants 0-60 days old, 200 LPs should be performed for
each meningitis case instead of the 21 that were performed. In infants 29-60 days,
330 LPs should be performed for each meningitis case instead of 26. Thus, the
Boston and Philadelphia criteria would have resulted in a 10- to 13-fold increase in
the number needed to treat (NNT).

Several studies have reported low sensitivity of routine CSF testing, mainly when
performed very early in the trajectory of the illness and that 5-32% of infants with
verified bacterial meningitis were not identified.®> ' %6 Table 9 (page 45) shows
that 60% of febrile infants presented with a fever duration of less than 6 hours and
almost 80% of infants with fever duration of less than 12 hours. Thus, the 2 infants
with delayed-treated meningitis would not have necessarily been identified, even
after a 5- to 13-fold increase in the number of LPs.

Table 17 (page 54) shows that both infants with delayed-treated meningitis had
elevated CRP or PCT, which should have stratified them as high risk 2" ?!- 133 138
Also, the ANC and PCT were not consistently measured, while they could have
improved the risk stratification.” *"- ?!- 133 134 Fyrthermore, both infants had a fever
of >39°C, which is associated with high odds of having an IBL.?**%*" Therefore, a
more structured approach with defined biomarker cutoff points would likely be
sufficient to identify both cases, even without routine LP at presentation.
Nevertheless, LP was performed in both infants, and antibiotics were administered
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in the ward soon after admission. Thus, a short observation time would have added
value to any approach without a routine LP.

This research project describes, for the first time, an actual management of febrile
infants aged <28 days without routine LP. Prediction models without routine LP
have been retrospectively tested with promising results but have not been
implemented in clinical practice. For well-appearing infants with a history of fever
who were afebrile at the PED, Aronson et al. derived a prediction score based on
age, the height of the fever, ANC, and urinalysis.”*® Also, another study by Aronson
et al. tested the Philadelphia criteria without routine LP in a cohort of well-appearing
febrile infants <60 days with IBL'?" Similarly, Kuppermann et al. derived a
prediction rule based on PCT, ANC, and urinalysis to identify low-risk febrile
infants <60 days.” None of these retrospectively applied clinical scores misclassified
any infant with bacterial meningitis as low risk. However, despite the high accuracy
of these clinical scores, the authors recommended caution when applying them to
febrile infants aged <28 days and suggested further validation. Tables 10-12 (pages
46-47) show that in the 4 Swedish PEDs, the IBI prevalence in infants aged <60
days was similar to that reported in the cohorts the above clinical scores were tested.
Therefore, these clinical scores would probably also perform as well in Swedish
PEDs.

This research project did not identify any statistically significant difference in the
prevalence of meningitis between girls and boys. Thus, the current data from this
study do not support a different meningitis risk stratification based on sex.
Furthermore, Table 19 (page 56) shows that in infants aged <28 days, the risk of
meningitis was similar between infants with reported fever at home who were
afebrile at the PED and those who were still febrile. Thus, for infants aged <28 days,
the absence of fever at the PED does not justify a different meningitis risk
stratification.

This thesis shows that the management of febrile infants without routine LP in
Swedish PEDs, was not associated with a high rate of unfavorable outcomes.
However, 2 of the 8 cases of meningitis were not identified at presentation. These 2
infants with delayed-treated meningitis would have likely been stratified as high risk
at the PED if the test results were interpreted adequately, CRP and ANC had been
consistently measured, and newer biomarkers, such as PCT, were incorporated.
Therefore, a more structured approach is required. In conclusion, this thesis
indicates that an approach based on biomarkers and clinical parameters, as recently
suggested by retrospectively derived clinical scores, would have identified the
infants with bacterial meningitis. At the same time, an approach without routine LP
would significantly decrease the number of LPs performed per meningitis case.
Such an approach could be appropriate in settings with low meningitis prevalence
and the possibility of adequate follow-up or observation.
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Prevalence of bacteremia, variation in obtaining blood
culture, and implications

This research project provides data that question the utility of routinely obtaining
blood culture in well-appearing febrile infants aged <60 days.

Table 14 (page 50) shows that in the 4 Swedish PEDs, blood culture was obtained
in only 27% of the infants 0-60 days old. These rates are lower than the reported
blood culture rates of 70-90%.%% 1°7-212:213 A[] guidelines, including the latest AAP,
recommend blood culture for febrile infants aged 0-60 days to detect and eventually
treat isolated bacteremia early and prevent its progression to serious infection,
particularly meningitis.'* ?”?® According to Table 10 (page 46), the prevalence of
isolated bacteremia in infants 0-60 days old was 0.6%. With this prevalence, 167
blood cultures should be obtained for every case of isolated bacteremia. This
number is almost 4-fold higher than the 42 blood cultures per case of isolated
bacteremia in the 4 study PEDs.

Table 17 (page 54) shows that despite the low rates of blood cultures and antibiotic
treatments, only 2 infants who did not receive antibiotics at the PED were
subsequently diagnosed with isolated bacteremia and none developed severe disease
or experienced any adverse outcomes. Additionally, none of the 804 infants
discharged home was subsequently diagnosed with bacteremia or meningitis during
the following 10 days. Likewise, it has been reported that well-appearing children
and infants diagnosed with isolated bacteremia after their discharge from the PED
were mostly afebrile at their return visit and none suffered any unfavorable
outcome.***® Furthermore, the progress of isolated bacteremia to meningitis is
mainly associated with Neisseria meningitidis, Haemophilus influenzae, and
Streptococcus pneumoniae.'> ' *° This study reported only one case of
Streptococcus pneumoniae, whereas almost 90% of cases of isolated bacteremia
were caused by Escherichia coli, Group B and Group A Streptococcus. Other
studies reported similar epidemiology as well.®"* 777 The latter 3 bacteria rarely
cause sepsis in infants without comorbidities and are not associated with progression
to meningitis and high case fatality rates.*’

Table 10 (page 46) shows that the total prevalence of bacteremia was 1.5%.
However, 56% of bacteremia cases were combined with meningitis or UTIL.
Bacteremia in combination with meningitis or UTI should not alter the choice of
antibiotics or the duration of the treatment and is not associated with a worse
prognosis.*”*?*! Thus, these positive blood cultures had no decisive management
implications.

Hence, despite the low rates of blood cultures and antibiotics, no adverse outcomes
were associated with untreated isolated bacteremia. Also, there is insufficient
evidence in the current literature that isolated bacteremia in well-appearing infants
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is associated with increased mortality or short- and long-term morbidity.
Furthermore, the bacterial etiology reported in this study does not support the fear
that isolated bacteremia progresses to meningitis. Additionally, positive blood
cultures in cases of meningitis or UTIs should not alter the management. So, current
guidelines would have resulted in a significant increase in blood cultures without
any apparent benefit for febrile infants. Thus, several arguments question the utility
of routine blood culture in febrile infants aged <60 days.

Prevalence of UTI, variation in urine testing, and
implications

This research project identified that UTIs accounted for almost 90% of SBIs, which
highlights the importance of urine testing for febrile infants aged <60 days.
However, some findings of this study indicate that a more selective approach may
be more appropriate than routine urinalysis at presentation for all febrile infants.

Table 16 (page 52) shows that in the study PEDs, urine testing varied from 73% to
90%. Despite this variation, the rates of delayed-treated UTIs did not differ
significantly and the site with the lowest urine testing rate did not have the highest
rate of delayed-treated UTIs. In 2 of the cases of delayed-treated UTIs, the urine
dipstick was negative for leukocyte esterase and nitrates. This research project
started almost 7 years ago, so for consistency with the current literature, the
definition of UTI included urine cultures with bacterial growth of >100 000 cfu/ml
irrespective of the urine dipstick result. Currently, a positive urinalysis is a
prerequisite for the diagnosis of UTIL In addition, according to the latest AAP
guideline, urine culture is not recommended if urinalysis is negative.” > >* Thus,
with the current definition, these 2 cases would not necessarily have been considered
UTIs. Additionally, in 4 of the cases of delayed-treated UT]Is, the urine dipstick test
was positive for either leukocyte esterase or nitrate, but quite unexpectedly, the
infants did not receive antibiotics. Hence, of the 8 cases of delayed-treated UTIs,
only 2 were not tested at presentation. Nonetheless, none of the infants with delayed-
treated UTI developed sepsis, needed intensive care, suffered any short-term
adverse outcomes, or were hospitalized for more than 6 days. Thus, the more
selective urine testing did not result in any short-term ‘‘harm’’ to any infant.

There are concerns, though, that delayed treatment increases the risk of renal
scarring, which can result in renal dysfunction later in life. However, Hewitt et al.
demonstrated that early treatment had no significant effect on the incidence of renal
scarring.'®® Similarly, Benador et al. showed that the duration of the fever before the
treatment had no significant effect on the incidence of renal scarring and that
children younger than 1 year developed renal scarring less frequently than older
children.”> Additionally, Wennerstrom et al. found no association between renal
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scarring and long-term renal dysfunction in adulthood.'®® Moreover, Salo et al. did
not find any association between UTI during childhood and chronic kidney disease
later in life in children without anatomical structural abnormalities.*” Thus, as
Newman et al. concluded almost 10 years ago, the current evidence does not support
the notion that UTIs pose a significant danger that justifies such an aggressive
pursuit of the diagnosis.*’

Aggressive testing may, moreover, be harmful. Urine testing by bladder
catheterization or suprapubic aspiration is painful for infants, stressful for parents,
and time-consuming for PED personnel. Also, it could be a potential cause of
infection.””2% Additionally, urinalysis has low specificity and positive predictive
value, with consequently high rates of false positive results.” ® Furthermore, urine
cultures, even from samples collected by catheterization or suprapubic aspiration,
have considerable contamination rates and asymptomatic bacteriuria is more
common in infants than previously considered.””*® Thus, aggressive testing can
result in overdiagnosis or misdiagnosis of UTIs and lead to unnecessary
hospitalizations and antibiotic treatments. Moreover, for infants with UTI diagnosis,
it is often recommened follow-up with renal and bladder ultrasonography, voiding
cystourethrogram, and renal cortical scintigraphy.>* These investigations involve
radiation for the infants, extra-economic constraints for the families, and additional
workload and financial burden for the health system. Furthermore, long-term
antibiotic prophylaxis is often initiated in infants with UTI without clear benefit.**}
Finally, after a presumed UTI diagnosis, parents are instructed to seek health care
for future febrile illnesses as soon as possible, which can also result in excessive
urine testing and overdiagnosis or misdiagnosis.”* Thus, aggressive testing could
have considerable side effects and even cause more harm than benefit.

Table 19 (page 56) shows that 36% of the infants with reported fever at home were
afebrile at the PED. The risk of UTI was almost half in infants afebrile at the PED
than in those still febrile. Additionally, the median temperature at the PED was
38.2°C and 60% of the febrile infants presented to the PED with a fever duration of
less than 6 hours (Table 9, page 45). It has been shown that fever duration and height
are strong predictors of UTL'*® Moreover, Table 13 (page 48) demonstrates a lower
prevalence of UTIs in girls than in boys, particularly those aged <28 days.
Furthermore, Table 20 (page 57) shows that in girls afebrile at the PED, the
prevalence of UTI was only 3.6%. Shaikh et al., in a meta-analysis, reported similar
differences between boys and girls aged <60 days and a higher risk of UTIs in
uncircumcised boys.”’ Thus, the findings of this research project indicate that for
well-appearing febrile infants, it may be safe with a selective urine testing strategy
based on high-risk factors such as a high fever, fever duration for more than 12-24
hours, male sex, and circumcision status.

65



Adverse outcomes, management variation, and
implications

This thesis demonstrated that low rates and variations in testing, antibiotic
treatments, and hospitalizations were not associated with differences in adverse
outcomes. This finding could point to opportunities to improve the management of
febrile infants and optimize the use of healthcare resources.

In the study PEDs, of the infants aged <28 days, only 13% underwent LP, 30%
received antibiotics, and 67% were hospitalized, while blood culture was obtained
in only 40%. This management contrasts with reported rates from PEDs in the US
and Spain of 60-90% for LP, 75-100% for blood culture, 76-85% for antibiotics,
and 80-98% for hospitalizations.®* 7+ 187- 212213 For the 29-60 days age group, the
differences in testing, antibiotics, and hospitalizations between the study PEDs and
reports from PEDs in the USA and Spain were even more remarkable. Such
differences, though more minor, in the rates of investigations, treatments, and
hospitalizations, were identified between private pediatricians and PEDs in the
USA.% 157 Additionally, Table 16 (page 52) shows that the rate of LP varied almost
11-fold and of antibiotics 2.5-fold between this study’s PEDs with the highest and
lowest rates. Similar variations between hospitals are reported from studies in the
USA and Canada.®"

However, despite the low rates of testing and antibiotics only 4 (0.2%) infants had
a delayed-treated IBI. Also, the variation between the PEDs was not associated with
increased rates of delayed-treated IBIs at the site with the lowest rates of
investigations, antibiotics, and hospitalizations (Table 18, page 55). Similarly,
variation between PEDs in the USA and Canada was not associated with differences
in outcomes.* 17 212214 The PROS study showed that private pediatricians that
relied on their clinical judgment without following guidelines were at least as
sensitive in treating bacterial meningitis and bacteremia as the current guidelines.’

Thus, there are indications that management of febrile infants with fewer
investigations, antibiotic treatments, and hospitalizations is not associated with
increased adverse outcomes. Therefore, the current guidelines would not have
necessarily resulted in significantly better patient outcomes in the study PEDs.

Possible ‘‘side effects’’ of guidelines for febrile infants

All validation studies of management guidelines for febrile infants have only
reported the rate of misclassified IBIs or SBIs as a measure of efficacy.
Traditionally, a delay in treating a UTI, bacteremia, or meningitis has been
considered an adverse outcome. However, no accompanying evidence was provided
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on whether this delay necessarily represented ‘“harm’’ for the patient. On the other
hand, the possible consequences of medical interventions when managing febrile
infants have not been considered. De Angelis et al., already in 1983, warned about
the possible iatrogenic complications and increased financial costs associated with
the investigations and hospitalizations of febrile infants.*

At the time of this study, most guidelines recommended LP, parenteral antibiotics,
and hospitalization for all febrile infants aged <28 days and blood culture for infants
aged <60 days. In the study’s PEDs, this approach would have resulted in a 650%
increase in LPs, 233% increase in antibiotics, 48% increase in hospitalizations, and
a 260% increase in blood cultures. The “‘step by step’’ approach and the new AAP
guideline recommend 21 days of age as a cutoff point for routine LP, antibiotics,
and hospitalization. This approach would have resulted in a 535% increase in LPs,
195% increase in antibiotics, and 40% increase in hospitalizations. Thus, current
and newer guidelines would have significantly increased investigations, antibiotic
treatments, and hospitalizations, without necessarily better clinical outcomes.

Lumbar punctures, blood cultures, urine testing, antibiotics, and hospitalizations can
have significant side effects, as described in the Introduction and previous chapters.
Hence, increased interventions could have significant consequences and side effects
on infants, their families, PED personnel, and the healthcare system. The term
““medical overuse’’ describes medical care when the benefits do not outweigh the
harms.?” Unfortunately, medical overuse and its effects are not identified by the
studies that recommend and initiate a medical practice. It takes subsequent studies
with more robust designs, larger populations, and longer duration to identify the side
effects of medical overuse.”” Additionally, measuring the long-term effects of
administering parenteral antibiotics to a 10 days old febrile infant is methodically
challenging. It is difficult to establish causation with a chronic disease in adulthood,
as indicated by observational studies, due to potential confounding factors and
biases.””! Even then, prescribing physicians would neither be aware nor accountable
for the long-term consequences of the medical intervention they initiated. Moreover,
even when measurable short-term harms occur, such as an embolism due to an
intravenous catheter, a hospital-acquired infection, or an anaphylactic drug reaction,
they are often attributed to suboptimal routines and practices or they are just
dismissed as unavoidable side effects. It is rarely questioned whether these
interventions were needed in the first place and whether there were in the patient’s
interest. Thus, the harm is not associated with the guideline, which causes medical
overuse. Furthermore, physicians are often unaware even of the short-term harms
caused by medical overuse. Additionally, there is no accountability or legal liability
for harm when the guidelines have been followed. In contrast to possible
accountability and liability for any ‘‘miss’’ when guidelines have not been followed.
This might explain why physicians are more risk-averse to type Il errors than type I
errors. In other words, they would rather investigate and treat large numbers of
healthy febrile infants than miss a single case of IBI, even if their practice may cause
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more harm than benefit. At the end of the shift, the physicians who obtain tests from
all their patients, prescribe antibiotics to most of them, and fill up the ward are the
“‘heroes’’ of the ED. ‘‘Heroes’” who worked non-stop in an overcrowded ED and
stayed over to facilitate and document their actions and decisions. In contrast,
physicians who do ‘‘less’” and take care of way more patients are perceived as
““mavericks.” When the ‘‘mavericks’’ miss a diagnosis, it is their medical approach
that failed. In contrast, when the ‘‘heroes’’ miss, it is the system, the workload, the
lack of resources, or the working conditions that failed them, or it was just
inevitable.

The possible harm of medical overuse is not restricted to the febrile infants involved
but exceeds to the rest of the patients in an ED. When this thesis was written in the
autumn of 2022, newspapers’ front pages portrayed a dire picture of overcrowded
EDs, overwhelmed ED personnel, and overstrained inpatient departments in Europe
and the US. It is well documented that overcrowding worsens the quality of care at
the ED, prolongs waiting time, and results in significant patient harm, with increased
morbidity and mortality.** 5> A recent report form the Royal College of Emergency
Medicine, estimated that 23000 excess patient deaths in 2022 in England were
associated with long stays in EDs.”>* Moreover, overcrowding is also associated
with significant negative effects on ED staff.>>” 2*® It increases the likelihood of
management errors, causes significant stress, diminishes job satisfaction, and results
in staff reduction. As mentioned in the introduction, a conservative estimation is
that around 200 000 febrile infants visit health facilities in the US or Europe alone.
Thus, a modest reduction in LPs, blood cultures, urine testing, and hospitalizations
could significantly reduce the workload, waiting times, crowding, and costs.
Although it is difficult to determine whether reducing medical overuse is beneficial
for the individual patient, it would likely result in significantly reduced patient harm
at the population level.! Moreover, medical overuse causes patient harm at the
population level by the lost opportunity. Healthcare resources are not infinite, and
they could be diverted to medical intervention with clear patient benefits.?>

Prevalence variation and implications

This project identified an SBI prevalence that questions whether it is optimal to
extrapolate prevalence data from other countries and to adopt management
guidelines based on different risk estimates.

The 12.6% prevalence of SBI (Table 10, page 46) is 30-50% lower than the
prevalence of 18.2-26.2% reported by similar studies in Spain, Italy, and Israel.® ¢
77.90. 260 The prevalence of bacteremia (1.5%) is also lower than the 1.7-3.3%
prevalence reported in the same studies, while the prevalence of meningitis (0.5%)
is similar. Recent studies from the US reported an SBI prevalence of 8.6-17.9%,
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meningitis of 0.3-0.6%, and bacteremia of 1.6-3.2%.” %% %157 Thus, the SBI and
meningitis prevalence identified by this research project are similar to those reported
in the US. However, the US studies included all febrile infants, even infants with
signs or symptoms of respiratory infection, in contrast to this research project, which
included only infants with FWS. As mentioned in the Introduction, the prevalence
of SBIs is reported to be 2- to 7-fold higher in infants with nasopharyngeal tests
negative for a virus or in infants without respiratory symptoms. Moreover, no case
of meningitis was identified among febrile infants with respiratory symptoms or
with a positive test for influenza or RSV.?* 3¢ Therefore, it could be safely
hypothesized that in infants with FWS, the actual prevalence of SBI, particularly
meningitis, is considerably higher than that reported in febrile infants in general.
Thus, the prevalence of SBI in infants with FWS in Sweden appears to be lower
than that in Spain and the US.

The difference in prevalence between Sweden and US/Spain may reflect statistical
variation, heterogeneity in methodology, or differences in the frequency of
investigations. The rates of urine testing, blood cultures, and LPs in Swedish PEDs
were much lower than those reported in Spanish and US PEDs. Therefore, this
research project may have missed UTIs, bacteremias, or meningitis cases and
consequently underestimated their prevalence. However, occult bacteremia and
occasionally UTI can be self-limiting but not bacterial meningitis. For this research
project, it was chosen a more extended 10-days follow-up, instead of the 2 or 3-days
commonly used, to minimize the likelihood of missed cases, particularly
meningitis.®2'? Thus, it is unlikely that any possible underestimation would be of
significant magnitude.

The difference in the prevalence of UTIs accounted mainly for the identified
difference and, to a lesser extent, for the difference in bacteremia. The percentage
of febrile boys (55%) was similar between this and international studies.
Additionally, the estimated prevalence of circumcision is lower in Sweden than in
Spain and the US.** Thus, the lower UTI prevalence in Swedish PEDs cannot be
attributed to factors associated with UTIs, such as male sex or circumcision status.

The higher UTI and bacteremia prevalence reported by international studies could
represent misdiagnosis or overdiagnosis due to the routine testing recommended by
the current guidelines. As described in previous chapters, urinalysis has low
specificity and urine cultures have high contamination rates. Therefore, routine
urine testing may have resulted in the misdiagnosis of UTIs. Similarly, blood
cultures also have high contamination rates and true positive results do not always
have clinical implications for patients. Therefore, routine blood cultures might have
resulted in the misdiagnosis or overdiagnosis of bacteremia. Overdiagnosis is
defined as the detection of a true abnormality that will not benefit the patient.*'

However, the reported difference in prevalence might represent a “‘true difference’’
and reflect an association of social determinants of health with SBIs, as previously
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suggested by Yaeger et al.”> Sweden has one of the lowest rates of childhood
poverty.'” Additionally, as mentioned in the introduction, Sweden is among the
countries with the most optimal rates of the factors associated with lower incidence
of infections in infants, such as birth weight, mode of delivery, breastfeeding,
maternal smoking, and maternal education. Unfortunately, because of the
retrospective nature of this research project, it was not possible to collect any
socioeconomic data or information on the above factors.

In conclusion, the prevalence of SBIs in infants aged <60 days with FWS in Sweden
appears to be lower than that in the US and Spain. Consequently, the risk estimates
and pre-test probabilities may differ substantially. Hence, the investigations,
interpretation of test results, recommendations for administration of antibiotics, and
hospitalizations, suggested by the AAP guideline and the step by step approach
might not be optimal in Sweden. An “‘one size fits all’’ guideline may not be the
best approach for countries with different characteristics and even for different
settings within countries. Furthermore, a possible association between
socioeconomic factors and patient characteristics highlights the need for more
individualized prediction models.

Decision-making process when managing febrile infants

The qualitative study of this research project deepens the knowledge on how
physicians perceive following guidelines and their decision-making processes. It
described that LP was perceived as a time-consuming, emotionally laden, and often
unnecessary procedure. Consequently, deciding whether to perform an LP had the
most central role in the decision-making process when managing febrile infants.
Physicians emphasized the significance of being able to make clinical decisions by
relying on their judgment. Thus, guidelines should allow a degree of flexibility and
independent thinking to enable the consideration of patients’ needs and
characteristics.

The findings of the focus group discussion support previous hypotheses that the
general condition of the infants and the absence of fever might influence the
decision-making process regarding whether to follow guidelines. These hypotheses
were based on studies that showed that well-appearing infants or infants afebrile at
presentation underwent fewer investigations than infants febrile or ill-appearing.”
156,231,234 The physicians who participated in the focus group discussions described
that the infant’s general condition and the presence of fever were the primary factors
that influenced their management decisions. The participating physicians described
that they perceived the likelihood of meningitis to be very low in afebrile infants.
Therefore, they reasoned that an LP was not indicated despite the guideline’s
recommendation. Additionally, physicians perceived that the management of febrile
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infants based on their clinical reasoning worked well. The analysis of adverse
outcomes (Table 18, page 55) showed that no infant with bacterial meningitis was
““missed’” in Malmo and Lund, where the focus group discussions were conducted.
Thus, physicians’ risk estimates and decisions were not proven to be unjustified
based on patient outcomes.

Physicians highlighted the importance of being able to make decisions rather than
blindly following guidelines. Furthermore, they expressed concerns that guidelines
may discourage independent thinking and limit physicians’ diagnostic capability.
Such concerns have already been mentioned in the literature.”®’ Concerns that
physicians may fail to consider patients’ disease risks and needs or possible side
effects of medical interventions, which can result in guidelines causing more harm
than benefit for the patients.**> 2> The potential patient harm caused by medical
interventions and medical overuse and how guidelines can drive medical overuse
has been extensively described in previous chapters.

In addition to patient harm, restricting the ability to make independent decisions
could also harm physicians. Studies have shown that autonomy and a sense of
competence are among the most important factors that increase physicians’ work
satisfaction.”** Moreover, excessive control and suboptimal challenges can result in
a lack of initiative and increased stress.?®> Thus, doctors cannot thrive in their
profession by blindly following guidelines. The analysis of the focus group
discussions showed that participating physicians perceived the ability of clinical
reasoning and decision making as important. They also expressed worries regarding
possible liability and criticism if ‘‘things go wrong, ’’ and they did not follow the
guidelines. The concern of being ‘‘unfairly’’ judged by colleagues, auditors, and
managers based explicitly on whether they followed the guideline is reported as
another downside of guidelines.?®' This might also explain why physicians are more
risk-averse to type Il than type I errors, as discussed in previous chapters. A medical
practice, dictated mainly through guidelines and the “‘fear of legal liability,” might
have contributed to the reported unprecedented rates of dissatisfaction and burnout
among physicians.?*® **” Physicians’ burnout and dissatisfaction lead to increased
medical errors and result in patient harm.?*® Consequently, guidelines can cause
patient harm in more indirect and less apparent ways than those already described
in the previous chapters. Thus, guidelines should allow for more flexibility and
promote medical reasoning. This would enable physicians to consider patient needs,
characteristics, and individual disease risks.
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Limitations of the studies and methodological
considerations

This research project has several limitations. The first is the possible failure to
identify all febrile infants who attended the study PEDs. Infants with fever,
registered as the chief complaint in the PEDs ‘electronic registration system were
eligible for the study. The triage nurse can choose only one contact reason from the
drop-down menu. Thus, febrile infants who attended the PEDs may have been
registered with another chief complaint. However, most options, such as cough,
seizures, diarrhea, and respiratory distress, would imply a focus of infection. Papers
I-1II focused on infants with FWS. There are only a few choices, such as fatigue,
feeding refusal, or vomiting, that do not imply a source of infection. Additionally,
when present, fever is often the prominent symptom that concerns parents and is
first reported.

The second is the possible underestimation of the prevalence of IBIs and,
consequently, the underestimation of delayed-treated IBIs rates. Table 14 (page 50)
showed that CSF testing and blood cultures were not routinely performed. Thus, it
is likely that cases of meningitis and bacteremia were not identified. However,
bacterial meningitis is not a self-limiting condition. The follow-up period was 10
days after the infants were discharged from the PED, and it is unlikely that
symptoms and signs of meningitis developed later.'” Furthermore, no other health
facilities see febrile infants younger than 60 days in the catchment areas of 3 of the
4 study PEDs. Only in the PED in Stockholm can the infants be seen at another
PED. However, parents prefer to attend the PED nearest to where they live and
where their children were evaluated for the first time. Thus, there is a low likelihood
that the number of missed meningitis cases could alter the estimated meningitis
prevalence.

The third is the possible misestimation of UTI prevalence. Urine cultures with
growth of >100 000 cfu/ml* were considered positive, regardless of the urinalysis
result. The latest AAP guideline does not recommend urine culture when there are
no indications of inflammation in the urinalysis.?® Thus, these cases might not be
considered UTIs with the current definition. Furthermore, the laboratories in the
study PEDs report urine culture results in 3 cfu/ml® intervals (i.e., <10 000, 10 000-
100 000, and >100 000). Due to that, this study’s UTI definition included ‘‘clean
catch’® specimens with a growth of 10 000-100 000 cfu/ml* instead of >50 000
cfu/ml’.” Additionally, ‘‘clean catch’’ was the default urine collection method in all
study PEDs instead of suprapubic aspiration or bladder catheterization. The
contamination rates are reported to be higher in samples collected with ‘‘clean
catch’” than in catheterization or aspiration.”’ The above limitations might have
resulted in overestimation of UTI prevalence. On the contrary, urine testing was not
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routinely performed in the study PEDs. Thus, UTIs might have been missed, and
their prevalence might have been underestimated

The fourth limitation is the insufficient data to interpret and explain the variation in
the prevalence of SBI identified in this study. Information about socioeconomic and
health factors associated with the incidence of SBIs, such as birth weight, delivery
mode, breastfeeding, maternal smoking, and education, was rarely mentioned in
patients’ electronic files.

The fifth limitation is the size of this study, which did not allow for sound
conclusions. The previously reported prevalence of meningitis in febrile infants
aged <60 days was approximately 1%. With a level of confidence aimed at 95% and
an error of precision (d) set at 25% of the expected prevalence, an appropriate
sample size would be 6085 febrile infants <60 days.***"" Thus, the adequate sample
size to estimate the prevalence of meningitis is almost 4-fold higher than the
population size in this study. Furthermore, this study did not identify any
statistically significant difference in the prevalence of meningitis between girls and
boys. With an estimated meningitis prevalence for boys at around 1%, a 5%
probability for type I error (alpha), a power set at 90% (beta of 10%), and knowing
that in most studies, 45% of febrile infants are girls (enrollment ratio girls versus
boys of 0.8), the adequate sample would be around 13000 febrile infants <60 days
(7000 boys and 6000 girls), to detect a 50% lower meningitis prevalence. Thus, the
hypothesis of sex differences cannot be disregarded because of the findings of this
study, and might merit further research. Similarly, this research project did not
identify any difference in the risk of meningitis between infants <28 days febrile
and afebrile at the PED. Accepting the same parameters as for boys and girls, and
that 30% of infants with reported fever at home are afebrile at the PED (enrollment
ratio afebrile versus febrile of 0.4), the adequate sample size would be around 15700
infants (11200 febrile and 4500 afebrile) to detect a 50% lower meningitis
prevalence.””?

The sixth limitation is the limited temperature measurements. The retrospective
nature of this study allowed only the collection of 2 temperature measurements, one
reported by the parents and one registered by the triage nurse. Information on
subsequent fever measurements was not reliably available. Such data could enable
risk comparisons between infants who remained afebrile during their stay at the PED
or inpatient ward and those who subsequently developed a fever. In addition, more
measurements could have allowed the investigation of a possible association
between fever height and the risk of IBIs.

The seventh limitation is the possible lack of diversity among the study sites.
Although the 4 study PEDs were geographically diverse, all were part of university
pediatric hospitals. The management of febrile infants may differ in PEDs in smaller
towns or in medical settings without pediatric physicians. In addition, all study
PEDs were in urban settings with short distances and easy patient access. The
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prevalence of SBIs among febrile infants might differ in rural settings with long
distances from the PED, where parents may not seek medical help within a couple
of hours due to a single temperature measurement of 38.2 °C.

The eighth limitation is the definition of adverse outcomes. As in other similar
studies, a delayed-treated SBI was defined as an adverse outcome. Due to the study
design and duration, it was impossible to investigate whether treatment delay was
associated with short- or long-term consequences for infants. Thus, it has not been
established whether treatment delay necessarily represents patient harm.

Finally, there are the limitations of study IV. Few discussion groups had only 2 or
3 participants, which might have limited the expression of opinions. In addition,
group discussions were conducted at 2 urban academic pediatric hospitals. Thus,
physicians’ perspectives might not reflect the opinions of non-pediatric physicians
or physicians working in non-academic hospital settings. Furthermore, when
analyzing perceptions, there is always the risk of misinterpretation and questioning
““‘if it is the chicken or the egg that came first’’. It was concluded that the decision-
making process started with 3 major categories and evolved around 6 secondary
categories. However, any of the secondary factors, such as the difficulty and the
time needed to perform an LP or the fear of failure, could have been the primary
factor. The primary factor that influenced the decision-making process to minimize
the possibility of meningitis by assuming a focus of infection, questioning the
presence of fever, or relying on a good general condition.
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Conclusions

This research project demonstrates:

a management of infants aged <28 days with FWS without routine LP, blood
culture, or broad-spectrum antibiotics.

a management of infants aged <60 days with FWS with much lower rates of LP,
blood cultures, and broad-spectrum antibiotics than internationally reported, but
not associated with increased adverse outcomes.

variation between the 4 study PEDs in testing, antibiotic treatments, and
hospitalizations in infants aged <60 days with FWS not associated with
differences in adverse outcomes.

a low overall rate of delayed-treated meningitis, bacteremia, and UTIs.
a management where 25% of meningitis cases were not treated at presentation.

low prevalence of bacteremia and meningitis in infants aged <60 days with
FWS.

Implications. These findings could point to opportunities to improve the
management of infants aged <60 days with FWS and to optimize the use of
healthcare resources:

Management of infants aged <28 days with FWS without routine LP and
antibiotics could be considered and investigated further.

The utility of routinely obtaining blood cultures in well-appearing infants aged
<60 days with FWS may be reconsidered.

A more selective urine testing approach may be more appropriate than routine
urinalysis for all febrile infants aged <60 days with FWS.

Swedish PEDs require a more structured approach for managing febrile infants.

A prediction rule based on clinical parameters, newer biomarkers, and
observation or adequate follow-up could ensure patient safety and reduce
unnecessary investigations, antibiotic treatments, and hospitalizations.
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Additionally, according to this research project:

- There was no statistically significant difference in the prevalence of meningitis
between boys and girls aged < 60 days with FWS.

- There was no statistically significant difference in the risk of meningitis
between infants aged <28 days with reported fever at home who were afebrile
at the PED and those who were still febrile.

- Infants aged <28 days with reported fever at home who were afebrile at the PED
underwent fewer investigations than those who were still febrile.

Implications. These findings do not justify a different risk estimation for meningitis,
and consequently, a different management of:

- infants aged <28 days with reported fever at home who are afebrile at the PED.
- boys and girls.

Furthermore, this research project showed an SBI prevalence of 12.6% among
previously healthy full-term infants aged <60 days with FWS, which is lower than
that reported in other countries.

Implications. These findings imply the following:

- Itis not optimal to extrapolate prevalence data from other countries and to adopt
management guidelines based on different risk estimates.

- The difference in prevalence might reflect an association between the social
determinants of health and SBIs.

Finally, this research project identified the following:

- The decision on whether to perform LP played the most central role in the
decision-making process when managing febrile infants.

- General appearance, presence of fever, and possible focus of infection were the
primary factors that influenced physicians to omit performing LP.

- Physicians highlighted the importance of relying on their clinical judgment and
making independent decisions.

Implications. These findings indicate that guidelines may consider allowing a
degree of flexibility and independent thinking to:

- consider patients’ characteristics and needs.

- allow the development of physicians’ medical reasoning and a sense of
competence, which could increase job satisfaction.
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Future perspectives

Despite immense research in the last few decades, there are many unanswered
questions in the field of febrile infants.

The prevalence of meningitis, bacteremia, and UTIs in young febrile infants has
been studied only in a few countries and mainly in PEDs in large urban settings.
Also, the prevalence has been mostly reported in wide age intervals (weeks or
months). Furthermore, no studies have thoroughly investigated the possible
association of the risk of infection in young febrile infants with individual clinical
parameters, such as sex, birth weight, gestational age, breastfeeding, and maternal
smoking. Additionally, adverse outcomes such as bacterial meningitis are rare, thus,
there is a need for large, multicenter prospective studies to study short- and long-
term consequences. Such data are essential for developing stratification models to
individualize the care of febrile infants. International research networks with
standardized databases and data-sharing agreements can enhance knowledge
accumulation.

Another aspect is the utility of biomarkers, currently used or under research, for
stratifying febrile infants. Test characteristics (i.e., cutoffs, sensitivity, specificity,
and positive and negative predictive values) should be studied in different settings,
with likely varying disease prevalence and patient characteristics such as fever
duration before presenting to the PED. Otherwise, prediction scores with test cutoffs
derived from different populations could result in underestimation or overestimation
of risks.

A question raised from this and previous studies is whether bacteremia should be
considered an IBI alongside meningitis. There is a need to investigate whether
bacteremia alters the prognosis of febrile infants with meningitis or UTL
Furthermore, there is a need to investigate whether isolated bacteremia in well-
appearing febrile infants progresses to meningitis or sepsis or causes morbidity. A
better understanding of whether bacteremia is associated with increased morbidity
might point future research toward developing predictive rules for each infection.
Given the satisfactory sensitivity and specificity of urinalysis for identifying UTI,
the main focus could be a prediction tool without routine LP to rule out bacterial
meningitis.

Finally, delayed treatment or missed IBIs should not be the only measured adverse
outcomes of the prediction tools. Future studies should also be designed to measure
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the potential harm to patients caused by medical interventions suggested by the
prediction rule. The consequences of the evaluation of febrile infants and how the
compulsion for diagnosis may harm patients should play a more central role when
designing research projects and developing guidelines.
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Ethical considerations

An ethical consideration for this research project is that informed consent to review
the medical records of febrile infants was not obtained from their parents. According
to the "International Ethical Guidelines for Biomedical Research Involving Human
Subjects," informed consent can be waived if it is impractical to obtain it from
everyone and the research project involves minimal harm to the study subjects, and
the benefit of the research results outweighs the risk of invasion of personal
privacy.?”? Similarly, according to the "Guidelines for the ethical evaluation of
human medical research, research ethics policy and organization in Sweden, 2003",
handling personal data without informed consent can be ethically justifiable in the
case of research if the usefulness of the results outweighs the infringement of
personal privacy (Act 2003:460 on ethical review of research involving humans).?’*

For practical reasons, it was impossible to find and reach out with information to all
the parents of the 5000 febrile infants who presented to the study PEDs during 2014-
2020. An essential aim of this study was to investigate the prevalence of meningitis
and the frequency of adverse outcomes, such as delayed-treated meningitis, which
are rare events. Failure to obtain consent from many parents and to identify any of
the few meningitis cases would considerably undermine the validity of the study.
The patient data were pseudonymized according to the EU regulations defined in
Article 4(5) of the General Data Protection Regulation.””> The parents of the 4
infants with delayed-treated IBIs might recognize their infants by details regarding
the infants’ age and the results of the investigations. However, this study does not
involve any harm to the individual, and the benefits of the research results outweigh
the intrusion into personal integrity.

There were also specific ethical considerations regarding the participation of the
medical students who reviewed the medical records of febrile infants and collected
data, which was performed as part of their master’s thesis prior to graduating from
medical school.

The first ethical consideration is whether the medical students should be included
as co-authors in the published papers of this research project. The International
Committee of Medical Journal Editors (ICMJE) recommends that authorship be

based on the following 4 criteria:*’®

1. Substantial contributions to the conception or design of the work; or the
acquisition, analysis, or interpretation of data for the work; AND
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2. Drafting the work or revising it critically for important intellectual content; AND
3. Final approval of the version to be published; AND

4. Agreement to be accountable for all aspects of the work in ensuring that questions
related to the accuracy or integrity of any part of the work are appropriately
investigated and resolved.

Each medical student collected approximately 5—-15% of the data. All students had
ideas and suggested improvements to the clinical research form during the data
collection. Furthermore, they processed and ‘‘cleaned’’ parts of the database. Also,
they performed various analyses of subsets of the data for their projects and
discussed the interpretation of the results. Thus, all students fulfill the first criteria.
Therefore, they were invited to participate as co-authors in the paper relevant to
their master’s thesis.

The second ethical consideration is whether the published papers and this thesis
should cite the medical students’ master’s theses. According to a court case
(Administrative Court Uppsala. Decision nr 6813-13 2014-05-14), student work
must be referred to. All students were informed and agreed with the plan that the
data collection is part of a PhD research project aimed at publishing several papers
and writing a PhD thesis. I conceived the initial research idea, designed the project
plan, developed the clinical research form, and created the database. The medical
students did not contribute to the initial idea or the design of the study. Thus, on an
intellectual level, this PhD research project led to the students’ master’s theses and
not vice versa. Furthermore, the students analyzed and presented results only for
specific subsets of the database. None of their analyses or results have been used in
the published papers or in this thesis. Additionally, no interpretations in the
published papers or this thesis originated from the students’ master’s theses. Thus,
I believe that it is ethically justified not to cite the students’ master’s theses.

However, all the students worked hard, performed well, and wrote interesting
projects. Thus, despite the initial agreement, they may feel that their work should be
referred to, and this feeling may not be unjustified. Would a discussion to renew the
initial agreement resolve the ethical considerations? Or would it only be a
“‘convenient way’’ for me to avoid citing their works? In such a discussion, I might
be perceived as having a position of power, and the students might fear that by
demanding a citation, they might not be included as co-authors. Also, I was the
students’ supervisor, we collaborated well and developed a good relationship, which
might prevent the students from expressing themselves freely. Additionally, I was a
professional reference for a few students, which could prevent them from expressing
their thoughts and feelings. Thus, I do not believe that a renewed consent would
alleviate the ethical concerns regarding citing the students’ projects. Nevertheless, I
believe that it is ethically justified not to cite the students’ master’s theses. I do
recognize, though, this aspect could be seen and interpreted in different ways.
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Popularvetenskaplig sammanfattning
(Swedish summary)

Bakgrund

Vid kontakt med 1177 rekommenderas att man omedelbart ska sdka vérd pa sjukhus
nér ett spaddbarn som dr yngre dn 60 dagar far feber. Anledningen é&r att dessa febrila
spadbarn har en relativt hog risk for urinvagsinfektioner, bakteriemi (forekomst av
bakterier i blodet) och hjarnhinneinflammation (meningit), vilka ar forknippade
med svér sjuklighet. P4 grund av den eventuella farlighetsgraden, rekommenderas
det i de riktlinjer for hantering av febrila spddbarn yngre dn 60 dagar som anvands
idag, att man tar urin- och blodprov. For barn som &ar yngre dn 28 dagar
rekommenderas ocksé att man tar prov fran ryggmérgsvitskan (sk lumbalpunktion)
samt att barnet laggs in for observation och fér antibiotika. Trots den hdga risken
for bakterieinfektioner har dock ca 90% av unga spddbarn med feber snilla och
sjilvbegransande virusinfektioner och mindre dn 2% har hjarnhinneinflammation
eller bakteriemi.

Antalet spadbarn yngre dn 60 dagar med feber som uppsoker en véardinréttning i
Europa uppskattas till cirka 200 000 per ar. Alltsé utsitts tusentals unga spadbarn
med feber for omfattande, ofta onddiga, utredningar, sjukhusinléggningar och
antibiotikabehandlingar, varje ar. Dessa ingrepp kan ha skadliga effekter pa barnen,
deras familjer och hélsosystemet.

Sjukhusinldggning ar inte alltid det "sdkraste" alternativet. Det rapporteras att 1%
till 24% av inlagda barn fér en infektion nér de &r pa sjukhus. En sjukhusinldggning
kan dessutom utgdra en betydande ekonomisk borda for familjen och onddiga
inldggningar belastar sjukvérden hart. Dessutom kan fordldrar mdta svérigheter att
ta hand om resten av familjen och uppleva betydande stress nér det géller deras
barns hélsa.

Att fa antibiotika i tidig spadbarnsélder &r forknippat med en 6kad risk for kroniska
sjukdomar senare i livet, sdsom inflammatorisk tarmsjukdom, diabetes, fetma,
ledgangsreumatism, astma och allergier.

Rutintestning har ocksa avsevirda nackdelar. Blodtagning, lumbalpunktion eller
blaskateterisering dr smértsamma och stressande procedurer for spiadbarnen och

81



deras familjer. De &ar ocksd en mojlig orsak till infektion. Dessutom éar
undersokningar tid- och resurskrdvande for de redan Gverbelastade barnakuterna,
vilket resulterar i forlangda véntetider for andra patienter.

Pé grund av de mdjligt skadliga effekterna av undersdkningar, sjukhusinldggningar
och antibiotika har forskare forsokt utveckla nya forutsdgelsemodeller som kan: a)
béttre identifiera febriga spddbarn med lag risk for en allvarlig bakterieinfektion
som inte har nytta av en medicinsk behandling, b) minimera komplikationerna av
alltfér omfattande undersdkningar pa spiadbarnen, och c) forbéttra utnyttjandet av
hilsoresurser.

For att utveckla patientsikra och effektiva modeller for hur spddbarn med feber ska
hanteras, dr det viktigt med korrekt och uppdaterad information kring férekomst och
typ av bakteriella infektioner, sk prevalensdata. Det finns ingen sddan information
som ror Sverige. Det dr ocksa avgorande att studera hur saddana riktlinjer fungerar i
olika miljder med olika populationer. Dessutom kan identifiering av
handlaggningsvariationer med skillnader i resultat peka pa mojligheter att forbéttra
nuvarande riktlinjer. Det finns dock inga studier fran Sverige som beskriver
hanteringen av spadbarn med feber och deras utfall. Det dr ocksa viktigt att studera
varfor lakare foljer eller inte foljer rekommendationer for att utveckla nya riktlinjer,
forbattra eller justera de nuvarande och utforma strategier for inférande. Det finns
internationellt en brist pd kunskap om hur ldkare bestdimmer sig for att folja
riktlinjerna vid hantering av spaddbarn med feber.

Avsikten med denna avhandling ar att undersoka forekomsten av allvarliga
bakteriella infektioner hos spaddbarn yngre dn 60 dagar gamla med feber, att beskriva
hanteringen av dessa spiddbarn vid fyra svenska barnakuter, och att beskriva lakares
beslutsprocess vid hantering av dem.

Metoder

Studierna I-III utférdes vid fyra barnakuter i Stockholm, Goéteborg, Lund och
Malmo. Alla spiddbarn <60 dagar gamla som sokte vard pd grund av feber
identifierades. Studieperioden var fran 1 januari 2014 till 31 december 2020.
Patienterna som inkluderades i studien var tidigare friska spadbarn yngre &n 60
dagar gamla med dokumenterad feber >3871C i hemmet eller pa barnakuten. Studien
godkindes av Regionala etiska ndmnden i Lund (Dnr 2017/967)

Studie IV genomfordes vid Skénes universitetssjukhus. Den baserades pa
fokusgruppsdiskussioner med ldkare som tar hand om spddbarn med feber. Malet
var att f4 insikt i processen for lidkares beslutsfattande, inklusive barridrer,
mojliggorare och motivatorer vid hantering av febrila spadbarn yngre dn 60 dagar
gamla.
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Resultat

Det inkluderades 2237 spadbarn yngre dn 60 dagar gamla med feber under den totala
studieperioden fran 2014 till 2020. Urinvéigsinfektion var den vanligaste
infektionen. Andelen barn med hjarnhinneinflammation (sk prevalens) var 0,5 %
och var hogst de tva forsta levnadsveckorna. Prevalensen av bakteriella infektioner
varierade frdn 9,4% pa barnakuten i Lund med den lagsta till 16,4% pé barnakuten
i Goteborg med den hogsta prevalensen. Det fanns ingen skillnad i risken for
hjarnhinneinflammation mellan spadbarn yngre &n 28 dagar gamla som fortfarande
hade feber nir de kom till barnakuten och de dér febern hade gatt ner. Ingen skillnad
observerades heller i risken av hjdrnhinneinflammation mellan pojkar och flickor.
Forekomsten av bakteriella infektioner verkar vara ldgre i Sverige dn i USA och
Spanien.

Lumbalpunktion utfordes hos 13% av spddbarnen <28 dagar, antibiotika gavs till
30% och 67% lades in pa sjukhus. Klara variationer i hanteringen av dessa barn
observerades mellan de fyra barnakuterna. Frekvensen av lumbalpunktion varierade
ndstan 12 génger mellan barnakuterna med den ldgre respektive den hdgre
frekvensen. Vid jamforelse med barnakuter i USA eller Spanien gors farre
undersokningar pa de svenska barnakuterna.

Tolv (0,7%) spddbarn som hade en bakteriell infektion fick inte antibiotika vid det
forsta undersokningstillfillet. Det fanns ingen skillnad i utfall mellan de fyra
barnakuterna trots skillnaderna i frekvensen av genomforda undersdkningar. De
spddbarn som hade en bakteriell infektion som inte behandlades direkt pa
barnakuten var inte fler i Sverige dn i USA eller Spanien, trots det gjordes farre
utredningar och antibiotikabehandlingar.

Viidentifierade tre centrala faktorer som paverkar beslutsprocessen om huruvida en
lumbalpunktion ska utforas eller inte. Den forsta var sokandet efter ett
infektionsfokus som kunde forklara febern, sdsom tecken eller symtom pa ovre
luftvéigsinfektion. Den andra var att ifrdgasétta om den temperatur som rapporterats
av fordldrarna utgjorde feber, sirskilt i de fall dér spadbarns temperatur hemma var
lagre dn 38,2°C och spiddbarnet var feberfritt vid undersdkningen. Den tredje var
spadbarnens allméntillstdnd, dér ldkare resonerade att lumbalpunktion inte &r
motiverat i fall av vilméende spadbarn. Runt dessa tre centrala faktorer utvecklades
6 sekundira kategorier, som fungerade som barriérer eller motivatorer for att f6lja
sjukhusets riktlinjer for spadbarn med feber och sérskilt om man ska utféra en
lumbalpunktion eller inte: 1) rddsla for risken att misslyckas, 2) att lita pa sitt eget
omdome, 3) undvika betungande arbete, 4) ta hinsyn till fordldrarnas och
sjukskoterskors onskemal, 5) balansera riktlinjer och resurser, och 6) se ett behov
av att 6va och léra sig att utféra lumbalpunktion.
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Slutsatser

Forekomsten av allvarliga bakteriella infektioner hos spadbarn yngre dn 60 dagar
med feber verkar vara lagre i Sverige dn i andra ldnder. Trots farre utredningar och
antibiotikabehandlingar pa& de 4 svenska barnakuterna, jamfort med
behandlingsriktlinjer, sags inte ett okat antal spidbarn dér en bakteriell infektion
inte behandlades direkt. Darfor skulle en riktlinje baserad pa klinisk information och
blodprover kunna vara patientséker och samtidigt minska onddiga, smirtsamma
utredningar, antibiotikabehandlingar och sjukhusinldggningar. Riktlinjerna skulle
kunna utformas sé att en viss grad av flexibilitet och sjilvstdndigt tdnkande tilléts.
Detta for att ta hinsyn till patienternas behov och tillaita utveckling av
vérdpersonalens medicinska resonemang, vilken kan resultera i Okad
patientsikerhet och arbetstillfredsstillelse.
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