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Pyrexia in a young infant — is height of fever
associated with serious bacterial infection?
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Abstract

Background: Febrile infants <90 days old make up a significant proportion of patients seeking care in the emer-
gency department (ED). These infants are vulnerable to serious bacterial infections (SBIs) and early identification is
required to initiate timely investigations and interventions. We aimed to study if height of an infant’s temperature on
presentation to the ED is associated with SBI.

Methods: We performed a retrospective chart review on febrile infants <90 days old presenting to our ED between

31°" March 2015 and 28" February 2016. We compared triage temperature of febrile infants with and without SBIs. We
presented sensitivity, specificity, positive and negative predictive values (PPV and NPV) of fever thresholds at triage. A
multivariable regression was performed to study the association between height of temperature and the presence of

infants.
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SBI, and presented the adjusted odds ratio (@OR) with corresponding 95% confidence intervals (Cl).

Results: Among 1057 febrile infants analysed, 207 (19.6%) had a SBI. Mean temperature of infants with a SBI was
significantly higher than those without (mean 38.5 °C, standard deviation, SD 0.6 vs. 38.3 °C, SD 0.5, p <0.005). For
temperature > 39 °C, sensitivity, specificity, PPV and NPV for SBI was 15.5% (95%Cl 10.8—21.1%), 90.4% (95%Cl
88.2—92.3%), 28.1% (959%CI| 21.1—36.3%) and 81.4% (95%C| 80.5—82.4%) respectively. The height of fever was con-
sistently associated with SBI after adjusting for age, gender and SIS (aOR 1.76, 95% Cl 1.32—2.33, p<0.001). However,
32 (15.5%) infants with SBIs had an initial triage temperature <38 °C.

Conclusions: A higher temperature at triage was associated with a higher risk of SBI among febrile infants <90 days
old. However, height of temperature must be used in conjunction with other risk factors to identify SBls in young

Introduction

Febrile infants younger than 90 days old form a signifi-
cant proportion of patients seeking care in the emergency
department (ED). A cross-sectional study estimated 2
million febrile infants <90 days old presenting to EDs
in the USA over the recent decade (2007-2017) [1, 2].
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Among young febrile infants, up to 10-15% of have a
serious bacterial infection (SBI) defined as bacteraemia,
meningitis or urinary tract infection (UTI) [3-5]. Young
infants are at risk of SBIs due to an immature immune
system, vaccination naivety against common infections
and potential perinatal exposure to certain pathogens [6],
and may develop complications including cognitive defi-
cits, hearing loss and potential mortality [7, 8].

Currently, guidelines recommend febrile
infants <28 days old to undergo evaluation for SBIs
including a lumbar puncture for cerebrospinal fluid
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(CSF) cultures, urine cultures and blood cultures, and
in specific cases, cultures from stool, fluid or tissue
samples, followed by prompt administration of empiric
broad spectrum antibiotic coverage [9, 10]. For older
infants between 28-90 days old, those without clinical
or analytical risk factors may not require such extensive
evaluation to avoid invasive procedures and unnecessary
anxiety [11, 12]. However as clinical symptoms differenti-
ating minor febrile illnesses from SBI are often absent in
young infants, many are still subjected to hospitalisation
and invasive procedures [13].

Published literature has provided criteria to identify
patients at low risk of SBIs, including the Rochester cri-
teria (RC), Philadelphia criteria (PC), and Boston criteria
(BC). Whilst fever (>38 °C) is necessary for the applica-
tion of these clinical assessment tools, height of fever is
not identified to be an independent risk factor for SBI
[14-17]. Hyperpyrexia defined as a rectal temperature
of >41.1 °C, was previously reported to be associated
with bacterial meningitis by McCarthy et al. in the 1970s.
Most of these cases were attributed to Haemophilus
influenzae type B (Hib), which substantially decreased
following the introduction of the Hib vaccination in the
1980s [18]. Other studies published conflicting results
regarding the relationship between the height of fever
and presence of SBI in the paediatric population [19-21].
Aronson and Pantell et al. created clinical prediction
tools which include height of temperature to identify
well looking infants at risk of invasive bacterial infections
(IBI)[22, 23]. Results from recent systematic reviews by
Rosenfeld-Yehoshua et al. in 2018 and Davis et al. in 2019
have suggested that hyperpyrexia in young infants is sug-
gestive of increased risk of SBIs [24, 25].

We aim to study the association between the height of
fever at ED triage and a subsequent diagnosis of SBI.

Methodology
Study design and settings
This is a secondary analysis performed on data used to
study heart rate guidelines in the prediction of serious
infections [7]. A retrospective analysis of febrile patients
under the age of 90 days presenting to KK Women’s and
Children’s Hospital Emergency Department was carried
out between 31 March 2015 and 28" February 2016.
Our ED is the larger of two specialty paediatric emer-
gency departments in Singapore accommodating approx-
imately 150,000 children who attend annually [7].

Eligibility

Febrile infants <90 days old were included in this study.
All infants have their axillary temperatures screened
at triage. If the temperature was> 37.59C, this infant
would be included in the study. If the infant was wrapped
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in multiple layers of clothes, excess clothing would be
removed. We included infants whose temperatures
remained >37.5 °C and were eventually hospitalized.
Excluded infants were those whose caregivers declined
admission as there would be no follow up data available.
Patients who were admitted but did not have any fur-
ther evaluation for sepsis inpatient were also excluded.
An example of such a situation would be an infant who
examined well throughout admission and did not have
any further episodes of fever in the hospital.

Variables—triage

Axillary temperatures were measured using a Terumo
digital thermometer at triage. Heart rate and blood pres-
sure readings were automated measurements using the
Dinamap GE ProCare 200 Vital Signs Monitor. Respira-
tory rate was manually measured by the triage nurse [7].
A locally validated severity index score (SIS) based on
respiratory effort, colour, activity, temperature and play
was also documented for all patients [26]. The maxi-
mum SIS score is 10 (stable), followed by 7-9 (moder-
ately sick), and <7 which potentially indicates a clinically
ill child. Patients in our ED were consequently triaged
into different acuity: Priority 1 (severely ill), 2+ (moder-
ately ill) and 2 (stable) where they had to be reviewed by
a doctor immediately, within 15 min or within the hour
respectively.

Variables - investigations

The following investigations were performed following
admission in the well-looking infant who had 2 separate
readings of fever>38.0 °C (including the temperature
from triage) or a single temperature reading of > 38.5 °C,
or earlier if there were clinical findings of an unwell
infant: full blood count (FBC) — looking specifically at
the total white blood cell (WBC) count, absolute neu-
trophil count (ANC), haemoglobin levels, platelets, and
the C-reactive protein (CRP). Bacteraemia was defined
as bacterial growth in blood cultures (excluding com-
mon contaminants such as coagulase-negative staphy-
lococcus). Urine for analysis and culture were routinely
performed. Urinary tract infections were defined as a
positive urine culture with a growth of a single bacteria of
more than 10° colony forming units (CFU)/L from a mid-
stream urine sample, or 10* CFU/L from a catheterized
specimen [5, 27]. Lumbar puncture, CSF analysis and cul-
ture were performed when clinically indicated as decided
by the attending physician. The diagnosis of bacterial
meningitis was made following a positive CSF culture [5],
or if the CSF fluid was suggestive of a bacterial meningi-
tis such as significant pleocytosis (> 1000 cells/mm?), low
CSF glucose or low CSF glucose to serum ratio (<0.4),
high CSF protein levels (>100 mg/dL), in the absence of
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a positive culture. We included the latter because bacte-
ria growth from CSF culture depends on the amount of
bacteria present (which may be transient) and other sup-
portive biochemical features on CSF analysis are vital for
the diagnosis of bacterial meningitis [28, 29]. In specific
cases, cultures would be obtained from stool, wounds or
abscesses. Nasopharyngeal aspirate (NPA) samples were
also obtained from infants with respiratory symptoms to
test for common viral respiratory infections. In infants
with hemodynamic instability or evidence of shock,
resuscitation with fluid resuscitation, consideration for
inotropic support and emergency intravenous antibiotics
were initiated in the ED [30].

Outcomes

SBIs were defined as bacteraemia, bacterial meningitis
and urinary tract infections (UTI). IBIs were defined as
bacteraemia and/or bacterial meningitis [23]. These diag-
noses were based on ICD-10 diagnostic codes and cases
reviewed manually by trained investigators in the initial
data collection of the primary study [7]. Severity of illness
was extrapolated from data such as the requirement for
fluid resuscitation, inotropic support, mechanical venti-
lation and intensive care support.

All febrile infants <90 days old were hospitalized in
our institution and monitored in the ward for at least
48 h. These infants were discharged following resolution
of fever for 24 h and only after clinical assessment to be
stable.

Statistical analysis

Data were keyed into Microsoft Excel and analysed using
IBM SPSS Statistics v26.0. Categorical variables were
presented in frequencies and percentages while con-
tinuous variables were presented as mean (and stand-
ard deviation, SD), or median (and interquartile range,
IQR), depending on normality. To study the associa-
tion between temperature as a continuous variable and
the presence of SBI, we used the student t-test (for nor-
mal data) and the Wilcoxon rank sum (if the data were
non-normal).

To study any association between individual risk fac-
tors and the presence of SBI, we presented point esti-
mates and their 95% confidence intervals (CI) for both
the univariate regression (using odds ratio, OR) and mul-
tivariable regression (using adjusted odds ratio, aOR).
In the multivariable regression, we chose variables that
were significant on univariate analysis as well as variables
routinely available at triage including age, gender, tem-
perature and SIS. Temperature was analysed as both a
continuous variable and a dichotomous variable with an a
priori threshold at>39°C. Sensitivity, specificity, positive
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and negative predictive values (PPV and NPV) were also
evaluated for different temperatures. Statistical signifi-
cance was taken as p <0.05.

Ethics

Ethics approval for the primary study was granted by the
SingHealth Institutional Review Board (IRB), with waiver
of informed consent (2017/2680).

Results

Among 2093 infants screened, 1546 (73.9%) were hos-
pitalized and 1057 (50.5%) were included in the analysis
(Fig. 1). In this cohort, 82 (7.8%) were triaged as Priority 1
and 826 (78.1%) as Priority 2+ in the ED. Demographics
and initial presentation of our study population are pre-
sented in Table 1. There were 207 (19.6%) with SBIs and
33 (3.1%) with IBIs. There was no significant difference
in the median age of infants with SBI and those with-
out (median 1.2 months, IQR 1.2-2.4, p=0.434). There
were a total of 247 (23.4%) infants <28 days, and among
them 42 (17.0%) diagnosed with a SBIL. Of the included
patients, 42 (4.0%) infants had significant cardiac lesions,
genitourinary anomalies and other congenital or genetic
abnormalities, of which 9 (21.4%) were diagnosed to have
a SBI on admission.

The mean temperature was higher in an infant with
SBI compared to one without (38.5°C, SD 0.6 vs. 38.3C,
SD 0.5, p<0.001). Among infants diagnosed with a SBI,
32 (15.5%) had first presented to the triage with a tem-
perature less than 38 °C. For temperature > 38 °C asso-
ciated with SBI, we found a sensitivity of 84.5% (95%CI
78.9—89.2%), specificity 24.9% (95%Cl 22.1—28.0%),
PPV 21.5% (95%CI 20.4—22.7%) and NPV 86.9% (95%CI
82.5—90.3%). There were 114 (10.8%) patients who pre-
sented to the paediatric emergency department with a
temperature > 39 °C and of these infants, 32 (28.1%) had a
SBI. Accounting for pyrexia > 39 °C, sensitivity was 15.5%
(95%CI 10.8—21.1%), specificity 90.4% (95%CI 88.2—
92.3%), PPV 28.1% (95%CI 21.1—36.3%) and NPV 81.4%
(95%CI 80.5—82.4%). A single infant (0.1%) presented to
triage with hyperpyrexia. This infant did not have a SBI
and was discharged after 2 days of hospitalization.

Of the infants with a SBI (Table 2), 181 (87.4%) were
diagnosed with a UTL. Escherichia coli (E.coli) (n=105,
57.1%) and Klebsiella pneumonia (n=13, 7.1%) were
the most likely bacterial pathogens. This was followed
by 21 infants (9.2%) infants who were diagnosed with
bacteraemia, of which E.coli (n=9, 42.8%) and S. aga-
lactiae (n=6, 28.6%) were the most common. There
were 16 patients diagnosed with bacterial meningitis
(n=21, 9.2%) amongst which 3 patients had E.coli and
2 had S. agalactiae meningitis. The other cases were
treated as bacterial meningitis based on abnormal CSF
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382 patients discharged*

165 transferred to other hospitals

2093 infants less than 3 months of age
presenting with temperature greater

than 37.5°C

*Recheck temperature normal or
absconded and discharged at own risk
(AOR)

489 patients monitored but not

A 4
1546 patients admitted

requiring any further investigations [

following admission.

Fig. 1 Flow diagram of study participants

A 4

1057 included in study and evaluated

for potential SBI

h 4

207 patients diagnosed with SBI

850 patients not diagnosed to have SBI

fluid analysis. Of those diagnosed with a SBI, 12 (5.8%)
had more than one positive culture, most frequent being
a UTI with concurrent bacteraemia (n=6, 50.0%), fol-
lowed by bacterial meningitis with bacteraemia (n=4,
33.3%) In patients with a UTI, 149 (82.3%) were older
than 28 days of age.

In those with a SBI (Table 1), fluid resuscitation was
required in 22 (10.6%), inotropic support required in 3
(1.4%) and 6 (2.9%) were admitted to the intensive care
unit (ICU). UTI was the commonest SBI (n=3, 50%)
amongst those admitted in the ICU. The median length
of stay in ICU was 2.0 days (IQR 1.0-9.3) for infants with
a SBI compared to 3.0 days (IQR 1.0-8.5) for infants
without a SBI (p=0.842). One patient death was docu-
mented secondary to bacteraemia complicated by fulmi-
nant liver failure. This patient had underlying trisomy 21
with pulmonary hypertension.

As shown in Table 3, the univariate analysis
showed that temperature (p=0.017) and gender
(p <0.001) were statistically significant for SBI. In the

multivariable analysis, a temperature of >39 °C was
associated with an increased risk of SBI (aOR 1.62,
95% CI 1.02 — 2.56, p=0.040), after accounting for
gender, age and SIS. When analysed as a continuous
variable, we found that the height of the temperature
was consistently associated for SBI after adjusting for
age, gender and SIS (aOR 1.76, 95% CI 1.33—2.33,
p<0.001).

Of note, 370/1057 (35.0%) of infants in our study pop-
ulation did not undergo a lumbar puncture. However,
infants who did not undergo a lumbar puncture and in
whom no source of fever found were monitored until at
least 24 h afebrile prior to discharge to ensure that a SBI
would not be missed.

Discussion

In this single-centre study, we described the relation-
ship between the height of fever at ED triage and risk
of SBI among infants <3 months of age. High tempera-
ture as a continuous variable, as well as a temperature
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Table 1 Demographics and presentation of febrile infants in the
emergency department

Demographics SBI(N=207) NOSBI(N=850) P value
Median age in months 12(1.2-24) 12(1.2-24) 0434
(IQR)
Age <28 days (%) 41(19.8) 207 (24.4) 0.177
Mean temperature in °C 38.5(0.6) 38.2(0.5) <0.001
(SD)
Male gender (%) 164 (79.2) 465(54.7) <0.001
Pulse rate per minute (SD) 168 (22.0) 166 (20.0) 0.237
Respiratory rate per minute 42 (6.7) 42 (64) 0.711
(SD)
SIS<7 (%) 11(53) 3035 0331
Body Temperature Distribution (%)
<380TC 32 (15.5) 212 (24.9) 0.040
38.0—389C 143 (69.1) 556 (65.4) 0317
39.0—39.9C 30 (14.5) 76 (8.9) 0.017
>400C 2(1.0) 6(0.7) 0.698
Triage Category (%) © 0.081
1 (%) 23(11.1) 60 (7.1)
24 (%) 161 (77.8) 665 (78.2)
2 (%) 23(11.1) 125(14.7)
Interventions received (%)
Fluid bolus (%) 22 (10.6) 78(9.2) 0.522
Inotropic support (%) 3(14) 3(04) 0.060
Ventilatory support (%) 4 (1.9) 13(1.5) 0.582
ICU admission (%) 6(2.9) 8(0.9) 0.027

AThe severity index score — used to identify a sick child based on the respiratory
effort, colour, activity, temperature and ability to play. Scores <or equal to 7
indicate a very sick child

8 The hospital’s triage system reflecting the urgency at which patients need to
be reviewed. 1- seen immediately; 2 +—seen within 15 min of triage, 2- seen
within first hour of triage

threshold of>39 °C, were independently associated
with increased risk of SBI after accounting for gender,
age and SIS.

The presence of pyrexia is important in the early
recognition of serious infections in young infants.
In diagnostic algorithms, the height of temperature
is not consistently specified [12-15]. For the past
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few decades, there have been conflicting reports on
the association between high temperature and SBIs
[17-19]. In older age groups, height of fever alone
is unreliable in predicting SBI [21]. A prospective
cohort study in paediatric patients aged 0-5 by Wil-
liams et al. suggested that whilst higher temperatures
were associated with a SBI, a third risked being over-
looked if they did not reach a temperature threshold
of 38 °C [27]. There were also other studies suggest-
ing that pyrexia>39-40 °C may be associated with
SBI particularly in young infants [22, 30-32]. After
adjusting for age, gender and SIS, we similarly dem-
onstrated that a temperature >39 °C was an inde-
pendent predictor for SBI. However, we recognize
that temperature is a dynamic vital sign, and height
of fever should be interpreted in conjunction with
other risk factors.

The prevalence of SBI varies widely across interna-
tional literature. Our study cohort (n=228, 21.5%)
reported a relatively high prevalence of SBI [33]. From a
health services perspective, this may be because we are
the larger of only 2 paediatric EDs locally. Young infants
with borderline temperatures and who examine well at
primary health services would likely be discharged and
not referred to our hospital. Whilst SBIs are reported
to be more prevalent in infants <28 days [5-7, 30], our
study population demonstrated a greater proportion of
SBI in the older infants>28 days old (n=166, 80.2%).
These findings may be different because of a higher pro-
portion of booked pregnancies with effective antibiotic
prophylaxis for mothers with known S. agalactiae colo-
nization locally [34] and subsequently there were only 6
(2.6%) positive cultures for GBS infections documented
during this study period. Nonetheless, this emphasizes
the importance of careful clinical evaluation in a febrile
infant aged between 28-90 days. Higher tempera-
tures>39 °C were demonstrated high specificity and
NPV for SBL

E.coli was the most frequently isolated bacterial patho-
gen in our study population, and E.coli UTI was the most
commonly identified SBI. These results were epidemio-
logically similar to other studies [2, 35]. In infants with a

Table 2 Characteristics of patients, temperature and management stratified by the different SBI

Type of SBI UTI (n=181) Bacterial meningitis (n=16) Bacteraemia (n=21)
Male gender (%) 146 (80.7) 12(75.0) 16 (76.2)

Mean temperature’C (SD) 38.5(0.6) 386 (0.6) 384 (0.655)

Need for fluid resuscitation (%) 14(7.7) 3(18.6) 8(38.1)

Need for inotropic support (%) 1(0.6) 0 2(9.5)

Need for ICU care (%) 3(1.7) 1(6.3) 2(9.5)

Most common pathogens E.coli E.coli E.coli

K. pneumoniae

Streptococcus agalactiae Streptococcus agalactiae
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Table 3 Univariate and categorical multivariate analysis of temperature trend and risk for SBI
Univariate analysis P value Multivariable analysis P value
Unadjusted OR (95% Cl) Adjusted OR (95% Cl)
'I'emperatureC 1.71(1.10-2.67) 0.017 1.62 (1.02 - 2.56) 0.040
Male gender 3.16 (2.20-4.54) <0.001 1(216-447) <0.001
Age <28 days 0.88 (0.53t0 1.13) 0.178 0.88 (0.59 - 1.29) 0.498
SIS<7 1.44 (0.69-3.00) 0334 1.17(0.54-252) 0.687
€ Defining temperature > 39°C
concurrent UTI and bacteraemia, most were >28 days of  Conclusions

age. This suggests that there still is a need for thorough
evaluation for bacteraemia in infants>28 days of age, in
the presence of a diagnosed UTI.

We recognise the limitations of this study. Whilst
rectal thermometry is gold standard for temperature
measurement in infants, we used axillary temperature
because it is easy to measure and avoids the risk of
rectal injury [36]. In this retrospective study, investi-
gators were trained to perform structured data entry
using a specific template to minimize inaccuracies and
bias in data collection. We acknowledge limitations in
using EMR diagnostic codes to derive the study popu-
lation because infants with SBIs may have been mis-
diagnosed. A more comprehensive approach including
examination of all microbiology results could avoid
potential inaccuracies and should be utilised for future
research. Although not every patient underwent com-
plete evaluation for lumbar puncture, urinalysis and
culture and blood tests, all patients were monitored
until afebrile for at least 24 h prior to discharge to
ensure that a SBI was not missed. For the diagnosis of
bacterial meningitis, we included patients whose CSF
fluid analysis was suggestive of a bacterial meningi-
tis in the absence of positive CSF culture [28, 29]. We
acknowledge that this may result in over-diagnosis of
bacterial meningitis but in doing so we accounted for
the possibility of culture negative bacterial meningitis.
There was a small proportion of infants with a tem-
perature above 40°C, which limited our data for hyper-
pyrexia in this population. Our chosen temperature
threshold of >39°C was decided a priori and we rec-
ognise that future research should utilize data-driven
thresholds. We only studied the outcome of SBI, how-
ever we know that serious viral infections like entero-
virus and herpes simplex virus may cause encephalitis,
meningitis and viremia [37]. From the potential sub-
jects, 489 were not evaluated for further SBI on admis-
sion and were excluded from our analysis. Finally, this
study was performed at a single institution in Singa-
pore in Asia, which may limit its relevance in other
international centres.

Our study has revealed some implications when assessing
febrile infants in the ED. We found that a higher tempera-
ture may confer a greater risk for SBI. However, height of
fever should be interpreted in conjunction with other risk
factors to identify infants at risk for SBIs. Repeated moni-
toring and clinical assessment is necessary.
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